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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, I 

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.  

I proposed this project because I 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 I 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.  
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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, I 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. I 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 I 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 questioned if sun tracking systems improve power output, why are 

there not more around? 
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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. 
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Beyond the information described above, I 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.  
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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. I 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 I 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: 

 

 

 

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.  

 

 

H T H bR b H dR d H b H d R gr

H b H H d
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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: 

 

 

 

 

 

 

 

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

represents the latitude, in this case approximately 43 ,  is the tilt angle, and  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: 

 

 

where “n” is the number day of the year. I 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:  

R b
cos( ) cos sin s s sin( ) sin

cos cos sin s s sin sin

R gr

1 cos

2

R d
1 cos

2

s s

23.45 sin 360
284 n

365
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The next step is to determine the solar time for each hour of the day where: 

 

SolarTime Std .Time 4(LST LLOC ) E  

 

Where LST is the longitude for the east coast, 75 W, and LLOC 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 0.001868cos 0.032077sin 0.014615cos2 0.04089sin2  

 

Where B, in degrees, is calculated: 

 

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

 

15 (SolarNoon CurrentTime) 

 

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

can also be calculated for each hour: 

 

s cos 1 tan( )tan

360 ( n 1)
365

s

s 180 sin 1 cos sin
cos s
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This value  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: 

 

 

 

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

subtracting 90 degrees: 

 

 

 

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. 

 

 

s

s

s sin 1 cos cos cos sin sin

90 s

i f , , , ,
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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, Id,h, so a 

correction factor is applied. The ground reflectance is similar, except it includes a 

reflectance factor, , for different times of the year.  

 

 

 

 

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: 

i cos 1 sin sin cos sin cos sin cos ZS cos cos cos cos

cos sin sin cos ZS cos cos sin AZS sin
 

Id ,T Id ,h

1 cos
2

Igr,T I
1 cos

2
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From the angle of incidence, correction factors for beam and diffuse are used: 

 

=  (cos )( ) 

 

=
cos

2  

Unit Conversion 

 The National Solar Radiation Data Base gives all values in W hr/m2, which is 

converted into more common units of MJ/m2 using the following conversion: 

 

= (0.0036)  
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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 2.11 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 2.44 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 
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Figure 1. Graph of the daily average of solar radiation for a tracking and fixed system 
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Table 2. Calculated values used in insolation calculations 

 Month Date n  (°) S (°) SR (°) N (Days)  ( )  ( )  ( )  ( ) 

   AVG Day # Declenation 
Sun Set 

Angle 

Sun Rise 

Angle 

Daylight 

Hours 
MAX MIN MAX MIN 

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 -77.57 10.34 74.41 -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 -85.53 91.57 40.97 

October 10 15 288 -9.60 80.93 -80.93 10.79 81.54 -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, I 

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, I 

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, I 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  



18 
 

 

 
       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 lbs.  With the rest of the 

equipment, it weighs less than 60 lbs. 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 I 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.  I 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 

 



24 
 

 



25 
 

 



26 
 

 

 



725180 ALBANY COUNTY AP NY -5 N 42 45 W073 48 84 1003 2005
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 2743.3

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 3532.0

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 4240.3

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 4911.3

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 4215.7

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 4528.5

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 5008.3

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 4308.8

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 4945.5

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 3316.5

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 2077.7

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 2005.0

AVERAGE 13 K7 0.0 0.0 0.0 0.0 5.2 39.5 125.3 225.3 331.2 376.5 401.7 413.7 406.0 389.0 370.8 329.8 231.8 127.3 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 0.0 843.2

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 1177.2

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 1582.0

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 1792.0

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 2437.3

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 2573.8

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 2431.3

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 2260.5

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 1495.7

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 1160.8

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 0.0 892.0

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 0.0 769.5

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 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 0 349 672 834 903 988 974 905 806 564 119 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 33 170 362 370 247 224 235 261 302 313 292 282 410 341 198 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 0

February 2 K5 0 0 0 0 0 0 0 107 306 375 437 467 457 440 371 276 150 3 0 0 0 0 0 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



April 4 K4 0 0 0 0 0 16 231 341 470 566 615 621 575 521 483 409 266 158 12 0 0 0 0 0

May 5 K4 0 0 0 0 0 180 324 446 605 729 762 806 789 746 652 577 422 254 85 0 0 0 0 0

June 6 K4 0 0 0 0 8 215 363 509 619 676 760 801 763 753 667 585 466 305 143 0 0 0 0 0

July 7 K4 0 0 0 0 0 163 320 465 598 716 731 705 761 724 668 570 451 281 125 0 0 0 0 0

August 8 K4 0 0 0 0 0 33 261 443 596 704 763 785 749 719 645 498 396 209 47 0 0 0 0 0

September 9 K4 0 0 0 0 0 0 162 281 388 461 508 546 530 474 406 312 206 66 0 0 0 0 0 0

October 10 K5 0 0 0 0 0 0 18 219 337 418 480 490 458 398 316 213 80 0 0 0 0 0 0 0

November 11 K5 0 0 0 0 0 0 0 113 261 330 397 409 394 327 249 130 6 0 0 0 0 0 0 0

December 12 K5 0 0 0 0 0 0 0 7 211 289 344 365 360 316 227 126 0 0 0 0 0 0 0 0

AVERAGE 13 K4 0 0 0 0 0 51 144 269 418 502 560 580 566 524 451 353 226 112 34 0 0 0 0 0

DIFFUSE STANDARD DEVIATIONS
January 1 K5 0 0 0 0 0 0 0 6 66 84 140 152 156 129 87 52 29 0 0 0 0 0 0 0

February 2 K5 0 0 0 0 0 0 0 107 55 116 145 171 189 172 130 90 50 6 0 0 0 0 0 0

March 3 K5 0 0 0 0 0 0 79 74 127 160 226 243 230 198 165 118 56 34 0 0 0 0 0 0

April 4 K4 0 0 0 0 0 44 68 120 179 243 299 297 290 248 208 156 88 47 13 0 0 0 0 0

May 5 K4 0 0 0 0 3 66 95 161 207 258 281 310 296 274 219 183 119 73 29 0 0 0 0 0

June 6 K4 0 0 0 0 3 63 93 139 181 206 257 274 265 252 212 176 129 87 36 0 0 0 0 0

July 7 K4 0 0 0 0 2 62 81 142 187 244 291 274 291 287 259 184 154 90 36 0 0 0 0 0

August 8 K4 0 0 0 0 0 60 71 130 185 214 258 268 262 242 236 169 131 70 37 0 0 0 0 0

September 9 K4 0 0 0 0 0 2 47 98 160 189 226 244 220 221 194 135 78 44 0 0 0 0 0 0

October 10 K5 0 0 0 0 0 0 46 73 123 176 198 215 205 174 130 79 41 0 0 0 0 0 0 0

November 11 K5 0 0 0 0 0 0 0 82 77 111 138 157 139 115 79 40 7 0 0 0 0 0 0 0

December 12 K5 0 0 0 0 0 0 0 10 61 82 119 140 131 107 71 35 0 0 0 0 0 0 0 0

AVERAGE 13 K4 0 0 0 0 3 83 148 181 159 173 165 168 167 172 172 175 177 122 54 0 0 0 0 0

DIFFUSE DISTRIBUTIONS
January 1 K5 788 1093 619 395 105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

February 2 K5 714 796 925 311 172 70 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

March 3 K5 630 548 1131 253 218 96 91 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

April 4 K4 567 736 822 299 244 123 106 81 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 5 K4 609 395 625 435 305 242 165 149 73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

June 6 K4 500 393 480 706 383 185 181 90 81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

July 7 K4 602 401 681 417 297 249 160 147 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

August 8 K4 580 409 543 497 325 277 215 127 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

September 9 K4 702 903 714 278 177 124 86 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

October 10 K5 777 998 613 286 175 142 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

November 11 K5 898 1105 557 331 109 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

December 12 K5 929 1180 554 316 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AVERAGE 13 K4 691 747 689 378 211 125 87 53 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Degrees Radians
725180 Latitude 43 0.75 ALBANY COUNTY AP NY -5 N 42 45 W073 48 84 1003 2005

FIXED

Month Date n B 4(Ls t-Lloc)+E  (°) S (°) SR (°) N (Days)  ( ) max  ( ) min  Range ( )  ( ) max  ( ) min H b &d H T Difference % Increase X Increase
Day # Declenation Sun Set  Angle Sun Rise Angle # of Daylight Hours Ground Ref lectance  (MJ/m2 Day) (MJ/m2 day)  (MJ/m2 Day)

January 1 17 17 15.8 -1.33 -20.90 69.14 -69.14 9.2 s 59.68 -59.68 119 88.96 64.27 10.40 8.67 1.73 19.92 1.20
February 2 16 47 45.4 -6.24 -13.00 77.57 -77.57 10.3 0.6 74.41 -66.12 141 92.40 56.27 13.63 11.52 2.11 18.28 1.18
March 3 16 75 73.0 -1.36 -2.40 87.76 -87.76 11.7 0.4 83.12 -83.12 166 86.17 45.90 16.80 13.46 3.33 24.75 1.25
April 4 15 105 102.6 7.76 9.40 98.88 -98.88 13.2 0.2 87.13 -89.17 176 90.09 34.01 19.75 14.22 5.52 38.84 1.39
May 5 15 135 132.2 11.94 18.80 108.51 -108.51 14.5 0.2 88.70 -87.17 176 90.65 24.50 18.26 12.32 5.95 48.29 1.48
June 6 11 162 158.8 8.81 23.10 113.44 -113.44 15.1 0.2 85.57 -88.13 174 88.20 20.42 19.65 12.95 6.69 51.68 1.52
July 7 17 198 194.3 1.99 21.20 111.20 -111.20 14.8 0.2 88.29 -88.90 177 90.54 22.58 21.16 13.82 7.34 53.12 1.53
August 8 16 228 223.9 3.31 13.50 102.94 -102.94 13.7 0.2 85.36 -85.61 171 86.83 30.04 18.27 13.59 4.67 34.38 1.34
September 9 15 258 253.5 12.64 2.20 92.05 -92.05 12.3 0.2 88.74 -85.53 174 91.57 40.97 19.38 14.54 4.84 33.32 1.33
October 10 15 288 283.1 22.41 -9.60 80.93 -80.93 10.8 0.2 81.54 -74.19 156 95.01 52.63 12.93 10.50 2.44 23.20 1.23
November 11 14 318 312.7 23.33 -18.90 71.38 -71.38 9.5 0.2 64.95 -56.98 122 91.20 61.92 8.07 7.08 1.00 14.08 1.14
December 12 10 344 338.3 15.14 -23.00 66.68 -66.68 8.9 0.4 50.34 -55.69 106 88.21 66.09 7.66 6.61 1.05 15.83 1.16

AVERAGE = 90.04 -90.04 88.74 -89.17 95.01 20.42

########## ######### ######### ######### 4:30:00 AM ######### 6:30:00 AM 7:30:00 AM 8:30:00 AM 9:30:00 AM ########## ########## ########## ######### ######### 3:30:00 PM 4:30:00 PM 5:30:00 PM ######### 7:30:00 PM 8:30:00 PM ######### 10:30:00 PM 11:30:00 PM
JANUARY 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 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 4:28:00 PM 5:28:00 PM 6:28:00 PM 7:28:00 PM 8:28:00 PM 9:28:00 PM 10:28:00 PM 11:28:00 PM

 ( )  ( ) -67.5 -52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5 67.5
s ( ) s ( ) 1.04 9.94 17.38 22.83 25.73 25.73 22.83 17.38 9.94 1.04 Max Min
 ( )  ( ) -59.68 -48.80 -36.58 -22.82 -7.78 7.78 22.82 36.58 48.80 59.68 59.68 -59.68
 ( )  ( ) 88.96 80.06 72.62 67.17 64.27 64.27 67.17 72.62 80.06 88.96

Beam Direct Normal (Whr/m2) 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 88.96 64.27
Dif fuse (Normal)  (Whr/ m2) 0.01 5.74 14.12 23.60 29.27 29.84 23.73 14.36 4.96 0.10
Beam & Diffuse (MJ/ m^2) 0.20 0.91 1.33 1.41 1.49 1.32 1.17 1.18 1.07 0.31 10.40

Diffuse (Horizontal)  (Whr/m2) 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 7.4 8.4 9.4 10.4 11.4 12.4 13.4 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 6:25:00 PM 7:25:00 PM 8:25:00 PM 9:25:00 PM 10:25:00 PM 11:25:00 PM

 ( )  ( ) -69 -54 -39 -24 -9 6 21 36 51 66 81
s ( ) s ( ) 5.85 15.39 23.60 29.84 33.40 33.73 30.79 25.03 17.16 7.84 -2.40 Max Min
 ( )  ( ) -66.12 -54.85 -42.00 -27.19 -10.52 7.03 23.98 39.20 52.42 63.97 74.41 74.41 -66.12
 ( )  ( ) 84.15 74.61 66.40 60.16 56.60 56.27 59.21 64.97 72.84 82.16 92.40

Beam Direct Normal (Whr/m2) 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 92.40 56.27
Dif fuse (Normal)  (Whr/ m2) 1.82 13.38 25.52 38.52 46.46 44.70 39.29 27.22 14.01 3.43 -0.02
Beam & Diffuse (MJ/ m^2) 0.30 1.22 1.49 1.74 1.82 1.80 1.69 1.44 1.25 0.84 0.04 13.63

Diffuse (Horizontal)  (Whr/m2) 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 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5
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 4:28:00 PM 5:28:00 PM 6:28:00 PM 7:28:00 PM 8:28:00 PM 9:28:00 PM 10:28:00 PM 11:28:00 PM

 ( )  ( ) -82.5 -67.5 -52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5 67.5 82.5
s ( ) s ( ) 3.83 14.54 24.60 33.45 40.28 44.10 44.10 40.28 33.45 24.60 14.54 3.83 Max Min
 ( )  ( ) -83.12 -72.48 -60.67 -46.80 -30.08 -10.46 10.46 30.08 46.80 60.67 72.48 83.12 83.12 -83.12
 ( )  ( ) 86.17 75.46 65.40 56.55 49.72 45.90 45.90 49.72 56.55 65.40 75.46 86.17

Beam Direct Normal (Whr/m2) 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 86.17 45.90
Dif fuse (Normal)  (Whr/ m2) 0.67 12.53 28.72 45.19 60.72 69.07 65.59 59.86 44.18 27.37 10.27 0.89
Beam & Diffuse (MJ/ m^2) 0.16 1.12 1.42 1.68 1.88 1.94 1.93 1.89 1.72 1.43 1.10 0.54 16.80

Diffuse (Horizontal)  (Whr/m2) 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 5.6 6.6 7.6 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 6:38:00 PM 7:38:00 PM 8:38:00 PM 9:38:00 PM 10:38:00 PM 11:38:00 PM

 ( )  ( ) -96 -81 -66 -51 -36 -21 -6 9 24 39 54 69 84 99
s ( ) s ( ) 2.06 12.96 23.88 34.43 44.04 51.72 55.99 55.49 50.40 42.23 32.38 21.71 10.77 -0.09 Max Min
 ( )  ( ) -79.05 -89.17 -80.29 -68.37 -53.77 -34.80 -10.63 15.81 39.02 56.98 70.92 82.47 87.13 77.01 87.13 -89.17
 ( )  ( ) 87.94 77.04 66.12 55.57 45.96 38.28 34.01 34.51 39.60 47.77 57.62 68.29 79.23 90.09

Beam Direct Normal (Whr/m2) 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 90.09 34.01
Dif fuse (Normal)  (Whr/ m2) 0.09 8.78 23.11 43.82 65.63 77.91 83.79 80.41 72.30 57.07 38.38 17.94 4.95 0.00
Beam & Diffuse (MJ/ m^2) 0.11 1.14 1.43 1.66 1.78 1.93 2.04 2.07 1.92 1.79 1.58 1.26 0.92 0.13 19.75

Diffuse (Horizontal)  (Whr/m2) 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 4.7 5.7 6.7 7.7 8.7 9.7 10.7 11.7 12.7 13.7 14.7 15.7 16.7 17.7 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 10:42:00 PM 11:42:00 PM

 ( )  ( ) -109.5 -94.5 -79.5 -64.5 -49.5 -34.5 -19.5 -4.5 10.5 25.5 40.5 55.5 70.5 85.5 100.5
s ( ) s ( ) -0 .65 9.52 20.24 31.19 42.02 52.22 60.74 65.50 64.23 57.64 48.27 37.73 26.80 15.91 5.37 Max Min
 ( )  ( ) -63.18 -73.12 -82.77 -87.17 -75.69 -61.07 -40.28 -10.32 23.38 49.58 67.45 80.54 88.70 78.91 69.21 88.70 -87.17
 ( )  ( ) 90.65 80.48 69.76 58.81 47.98 37.78 29.26 24.50 25.77 32.36 41.73 52.27 63.20 74.09 84.63

Beam Direct Normal (Whr/m2) 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 90.65 24.50
Dif fuse (Normal)  (Whr/ m2) 0.00 5.14 18.34 38.62 66.83 91.35 108.61 119.74 118.42 106.50 81.96 58.29 31.07 11.58 1.37
Beam & Diffuse (MJ/ m^2) 0.04 0.51 0.91 1.14 1.44 1.61 1.77 1.82 1.83 1.71 1.58 1.44 1.14 0.87 0.47 18.26

Diffuse (Horizontal)  (Whr/m2) 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 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
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 6:38:00 PM 7:38:00 PM 8:38:00 PM 9:38:00 PM 10:38:00 PM 11:38:00 PM

 ( )  ( ) -110.55 -95.55 -80.55 -65.55 -50.55 -35.55 -20.55 -5.55 9.45 24.45 39.45 54.45 69.45 84.45 99.45
s ( ) s ( ) 1.80 11.68 22.21 33.09 44.03 54.58 63.83 69.58 68.62 61.64 51.91 41.20 30.25 19.43 9.04 Max Min
 ( )  ( ) -59.51 -69.21 -78.54 -88.13 -81.07 -67.32 -47.06 -14.77 24.47 53.27 71.33 84.07 85.57 76.12 66.74 85.57 -88.13
 ( )  ( ) 88.20 78.32 67.79 56.91 45.97 35.42 26.17 20.42 21.38 28.36 38.09 48.80 59.75 70.57 80.96

Beam Direct Normal (Whr/m2) 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 88.20 20.42
Dif fuse (Normal)  (Whr/ m2) 0.04 7.41 23.44 46.87 72.46 92.69 114.13 124.01 118.02 112.85 92.28 64.61 39.16 17.27 3.71
Beam & Diffuse (MJ/ m^2) 0.14 0.51 0.84 1.22 1.55 1.79 1.85 1.98 1.94 1.82 1.80 1.53 1.25 0.89 0.54 19.65

Diffuse (Horizontal)  (Whr/m2) 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 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
Solar Time 12:32:00 AM 1:32:00 AM 2:32:00 AM 3:32:00 AM 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 7:32:00 PM 8:32:00 PM 9:32:00 PM 10:32:00 PM 11:32:00 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
s ( ) s ( ) -0 .54 9.38 19.93 30.83 41.76 52.26 61.48 67.42 67.21 60.99 51.66 41.11 30.17 19.29 8.76 Max Min
 ( )  ( ) -59.79 -69.69 -79.18 -88.90 -80.23 -66.61 -47.13 -17.34 19.44 48.55 67.55 80.94 88.29 78.61 69.11 88.29 -88.90

TOTALS

Beam & Diffuse Total per Day (MJ/m^2)

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Movement Range

Tilt Range

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Tilt Range

Movement Range

Tilt Range

Movement Range

Movement Range

TOTALS

TOTALS

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS



 ( )  ( ) 90.54 80.62 70.07 59.17 48.24 37.74 28.52 22.58 22.79 29.01 38.34 48.89 59.83 70.71 81.24
Beam Direct Normal (Whr/m2) 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 90.54 22.58

Dif fuse (Normal)  (Whr/ m2) 0.00 4.52 18.27 40.19 63.32 92.86 107.70 114.42 116.70 106.54 88.10 62.46 36.86 15.39 3.24
Beam & Diffuse (MJ/ m^2) 0.05 0.52 1.00 1.32 1.74 1.85 1.93 2.09 2.11 1.94 1.80 1.62 1.47 1.04 0.67 21.16

Diffuse (Horizontal)  (Whr/m2) 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 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
Solar Time 12:34:00 AM 1:34:00 AM 2:34:00 AM 3:34:00 AM 4:34:00 AM 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 7:34:00 PM 8:34:00 PM 9:34:00 PM 10:34:00 PM 11:34:00 PM

 ( )  ( ) -96.6 -81.6 -66.6 -51.6 -36.6 -21.6 -6.6 8.4 23.4 38.4 53.4 68.4 83.4 98.4
s ( ) s ( ) 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 Max Min
 ( )  ( ) -75.66 -85.61 -84.07 -72.44 -58.04 -38.76 -12.90 16.31 41.41 59.98 73.94 85.36 84.41 74.45 85.36 -85.61
 ( )  ( ) 85.56 74.75 63.79 53.06 43.10 34.87 30.04 30.38 35.72 44.23 54.32 65.10 76.06 86.83

Beam Direct Normal (Whr/m2) 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 86.83 30.04
Dif fuse (Normal)  (Whr/ m2) 0.44 11.97 32.72 58.39 81.65 102.76 112.46 108.70 96.14 74.10 49.14 27.15 8.81 0.42
Beam & Diffuse (MJ/ m^2) 0.06 0.67 1.04 1.46 1.78 1.87 2.05 1.99 1.95 1.75 1.53 1.17 0.75 0.20 18.27

Diffuse (Horizontal)  (Whr/m2) 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 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
Solar Time 12:43:00 AM 1:43:00 AM 2:43:00 AM 3:43:00 AM 4:43:00 AM 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 6:43:00 PM 7:43:00 PM 8:43:00 PM 9:43:00 PM 10:43:00 PM 11:43:00 PM

 ( )  ( ) -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
s ( ) s ( ) -1 .57 9.39 20.14 30.25 39.10 45.75 49.03 48.08 43.17 35.41 25.91 15.46 4.57 Max Min
 ( )  ( ) -85.53 -84.20 -73.38 -61.12 -46.36 -28.10 -6.41 16.28 36.61 53.24 66.76 78.26 88.74 88.74 -85.53
 ( )  ( ) 91.57 80.61 69.86 59.75 50.90 44.25 40.97 41.92 46.83 54.59 64.09 74.54 85.43

Beam Direct Normal (Whr/m2) 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 91.57 40.97
Dif fuse (Normal)  (Whr/ m2) 0.00 4.46 16.12 34.21 50.03 60.17 71.48 67.83 57.35 41.23 24.21 9.42 0.86
Beam & Diffuse (MJ/ m^2) 0.07 0.87 1.36 1.64 1.84 2.05 2.06 1.96 1.98 1.85 1.69 1.34 0.66 19.38

Diffuse (Horizontal)  (Whr/m2) 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 6.86 7.86 8.86 9.86 10.86 11.86 12.86 13.86 14.86 15.86 16.86 17.86
Solar Time 12:52:00 AM 1:52:00 AM 2:52:00 AM 3:52:00 AM 4:52:00 AM 5:52:00 AM 6:52:00 AM 7:52:00 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 5:52:00 PM 6:52:00 PM 7:52:00 PM 8:52:00 PM 9:52:00 PM 10:52:00 PM 11:52:00 PM

 ( )  ( ) -77.1 -62.1 -47.1 -32.1 -17.1 -2.1 12.9 27.9 42.9 57.9 72.9 87.9
s ( ) s ( ) 2.71 12.93 22.16 29.81 35.13 37.37 36.10 31.57 24.49 15.63 5.64 -5.01 Max Min
 ( )  ( ) -74.19 -63.39 -51.25 -37.15 -20.76 -2.61 15.81 32.79 47.52 60.15 71.26 81.54 81.54 -74.19
 ( )  ( ) 87.29 77.07 67.84 60.19 54.87 52.63 53.90 58.43 65.51 74.37 84.36 95.01

Beam Direct Normal (Whr/m2) 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 95.01 52.63
Dif fuse (Normal)  (Whr/ m2) 0.14 8.52 21.53 34.18 46.52 51.28 45.46 35.60 21.55 10.10 1.33 0.00
Beam & Diffuse (MJ/ m^2) 0.13 1.01 1.39 1.40 1.49 1.43 1.45 1.45 1.33 1.14 0.72 0.01 12.93

Diffuse (Horizontal)  (Whr/m2) 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 7.88 8.88 9.88 10.88 11.88 12.88 13.88 14.88 15.88 16.88
Solar Time 12:53:00 AM 1:53:00 AM 2:53:00 AM 3:53:00 AM 4:53:00 AM 5:53:00 AM 6:53:00 AM 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 5:53:00 PM 6:53:00 PM 7:53:00 PM 8:53:00 PM 9:53:00 PM 10:53:00 PM 11:53:00 PM

 ( )  ( ) -61.8 -46.8 -31.8 -16.8 -1.8 13.2 28.2 43.2 58.2 73.2
s ( ) s ( ) 6.09 14.64 21.54 26.20 28.08 26.92 22.89 16.47 8.26 -1.20 Max Min
 ( )  ( ) -56.98 -45.46 -32.41 -17.74 -1.93 14.02 29.03 42.48 54.34 64.95 64.95 -56.98
 ( )  ( ) 83.91 75.36 68.46 63.80 61.92 63.08 67.11 73.53 81.74 91.20

Beam Direct Normal (Whr/m2) 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 91.20 61.92
Dif fuse (Normal)  (Whr/ m2) 1.94 10.85 21.14 30.68 33.26 29.88 21.87 11.86 3.16 -0.02
Beam & Diffuse (MJ/ m^2) 0.27 0.72 0.95 1.10 1.21 1.18 1.03 0.93 0.62 0.06 8.07

Diffuse (Horizontal)  (Whr/m2) 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 7.75 8.75 9.75 10.75 11.75 12.75 13.75 14.75 15.75
Solar Time 12:45:00 AM 1:45:00 AM 2:45:00 AM 3:45:00 AM 4:45:00 AM 5:45:00 AM 6:45:00 AM 7:45:00 AM 8:45:00 AM 9:45:00 AM 10:45:00 AM 11:45:00 AM 12:45:00 PM 1:45:00 PM 2:45:00 PM 3:45:00 PM 4:45:00 PM 5:45:00 PM 6:45:00 PM 7:45:00 PM 8:45:00 PM 9:45:00 PM 10:45:00 PM 11:45:00 PM

 ( )  ( ) -63.75 -48.75 -33.75 -18.75 -3.75 11.25 26.25 41.25 56.25
s ( ) s ( ) 1.79 10.22 17.05 21.78 23.91 23.19 19.71 13.87 6.17 Max Min
 ( )  ( ) -55.69 -44.69 -32.34 -18.58 -3.78 11.27 25.62 38.69 50.34 50.34 -55.69
 ( )  ( ) 88.21 79.78 72.95 68.22 66.09 66.81 70.29 76.13 83.83

Beam Direct Normal (Whr/m2) 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 88.21 66.09
Dif fuse (Normal)  (Whr/ m2) 0.03 6.19 14.47 21.95 25.33 24.45 18.69 9.55 2.20
Beam & Diffuse (MJ/ m^2) 0.12 0.71 1.03 1.19 1.11 1.02 0.94 0.90 0.64 7.66

Diffuse (Horizontal)  (Whr/m2) 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

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range

Tilt Range

TOTALS

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

TOTALS

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Tilt Range

Movement Range

Tilt Range

TOTALS

Beam & Diffuse Total per Day (MJ/m^2)

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range



FIXED ARRAY CALCULATIONS Degrees Radians
725180 Latitude 43 0.75 ALBANY COUNTY AP NY -5 N 42 45 W073 48 84 1003 2005

Month Date n B 4(Lst-Lloc)+E  (°) S (°) SR (°) N (Days)  ( ) max  ( ) min  Range ( )  ( ) max  ( ) min H b&d H T Difference % Increase

Day # Declenation Sun Set AngleSun Rise Angle# of Daylight HoursGround Reflectance  (MJ/m2 Day) (MJ/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 0 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 0 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 11.7 0.4 0.00 0.00 0 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 13.2 0.2 0.00 0.00 0 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 0 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 15.1 0.2 0.00 0.00 0 43.00 43.00 12.95 18.10 -5.14 -28.42

July 7 17 198 194.3 1.99 21.20 111.20 -111.20 14.8 0.2 0.00 0.00 0 43.00 43.00 13.82 18.45 -4.63 -25.07

August 8 16 228 223.9 3.31 13.50 102.94 -102.94 13.7 0.2 0.00 0.00 0 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 12.3 0.2 0.00 0.00 0 43.00 43.00 14.54 16.76 -2.23 -13.29

October 10 15 288 283.1 22.41 -9.60 80.93 -80.93 10.8 0.2 0.00 0.00 0 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 0 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 0 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 4:30:00 PM 5:30:00 PM 6:30:00 PM 7:30:00 PM 8:30:00 PM 9:30:00 PM 10:30:00 PM 11:30:00 PM
JANUARY 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 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 4:28:00 PM 5:28:00 PM 6:28:00 PM 7:28:00 PM 8:28:00 PM 9:28:00 PM 10:28:00 PM 11:28:00 PM

 ( )  ( ) -67.5 -52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5 67.5
s ( ) s ( ) 1.04 9.94 17.38 22.83 25.73 25.73 22.83 17.38 9.94 1.04 Max Min
 ( )  ( ) 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 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 (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 20.0 140.0 264.1 318.8 355.4 311.8 260.7 232.4 166.8 30.9
Diffuse (Normal) (Whr/m2) 0.55 24.32 34.56 44.49 49.31 50.28 44.73 35.17 21.03 3.90
Beam & Diffuse (MJ/m^2) 0.07 0.59 1.08 1.31 1.46 1.30 1.10 0.96 0.68 0.13 8.67

Diffuse (Horizontal) (Whr/m2) 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 7.4 8.4 9.4 10.4 11.4 12.4 13.4 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 6:25:00 PM 7:25:00 PM 8:25:00 PM 9:25:00 PM 10:25:00 PM 11:25:00 PM

 ( )  ( ) -69 -54 -39 -24 -9 6 21 36 51 66 81
s ( ) s ( ) 5.85 15.39 23.60 29.84 33.40 33.73 30.79 25.03 17.16 7.84 -2.40 Max Min
 ( )  ( ) 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 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 (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 28.2 186.3 295.1 395.5 442.9 441.6 391.9 293.0 203.5 91.2 1.8
Diffuse (Normal) (Whr/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 (MJ/m^2) 0.15 0.80 1.23 1.63 1.82 1.80 1.61 1.22 0.86 0.39 0.01 11.52

Diffuse (Horizontal) (Whr/m2) 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 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5
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 4:28:00 PM 5:28:00 PM 6:28:00 PM 7:28:00 PM 8:28:00 PM 9:28:00 PM 10:28:00 PM 11:28:00 PM

 ( )  ( ) -82.5 -67.5 -52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5 67.5 82.5
s ( ) s ( ) 3.83 14.54 24.60 33.45 40.28 44.10 44.10 40.28 33.45 24.60 14.54 3.83 Max Min
 ( )  ( ) 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
 ( )  ( ) 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 (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 5.8 114.1 221.8 333.8 424.8 464.7 466.4 430.2 343.0 224.2 113.0 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 (MJ/m^2) 0.05 0.54 0.98 1.42 1.78 1.93 1.93 1.79 1.45 0.98 0.51 0.10 13.46

Diffuse (Horizontal) (Whr/m2) 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 5.6 6.6 7.6 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 6:38:00 PM 7:38:00 PM 8:38:00 PM 9:38:00 PM 10:38:00 PM 11:38:00 PM

 ( )  ( ) -96 -81 -66 -51 -36 -21 -6 9 24 39 54 69 84 99
s ( ) s ( ) 2.06 12.96 23.88 34.43 44.04 51.72 55.99 55.49 50.40 42.23 32.38 21.71 10.77 -0.09 Max Min
 ( )  ( ) 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 0.00
 ( )  ( ) 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 43.00

Incidence Angle 95.92 81.12 66.34 51.62 37.05 22.92 11.14 12.99 25.67 39.94 54.56 69.30 84.08 98.88
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -3.1 47.6 150.1 258.3 342.8 422.1 473.4 481.4 416.4 337.5 232.0 117.0 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 (MJ/m^2) 0.00 0.27 0.69 1.13 1.48 1.78 1.97 1.99 1.75 1.44 1.02 0.55 0.16 -0.01 14.22

Diffuse (Horizontal) (Whr/m2) 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 4.7 5.7 6.7 7.7 8.7 9.7 10.7 11.7 12.7 13.7 14.7 15.7 16.7 17.7 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 10:42:00 PM 11:42:00 PM

 ( )  ( ) -109.5 -94.5 -79.5 -64.5 -49.5 -34.5 -19.5 -4.5 10.5 25.5 40.5 55.5 70.5 85.5 100.5
s ( ) s ( ) -0.65 9.52 20.24 31.19 42.02 52.22 60.74 65.50 64.23 57.64 48.27 37.73 26.80 15.91 5.37 Max Min

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Movement Range

Tilt Range

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS



 ( )  ( ) 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 0.00 0.00
 ( )  ( ) 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 43.00 43.00

Incidence Angle 108.42 94.26 80.07 65.95 52.06 38.72 26.83 19.31 21.44 31.30 43.96 57.58 71.58 85.74 99.93
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -3.7 -10.1 40.3 113.0 204.2 278.0 341.0 364.6 362.2 315.3 256.5 183.8 90.1 17.0 -22.2
Diffuse (Normal) (Whr/m2) 0.00 22.73 38.76 54.55 73.01 84.53 91.05 96.23 96.17 92.21 80.33 69.66 50.40 30.90 10.73
Beam & Diffuse (MJ/m^2) -0.01 0.05 0.28 0.60 1.00 1.31 1.56 1.66 1.65 1.47 1.21 0.91 0.51 0.17 -0.04 12.32

Diffuse (Horizontal) (Whr/m2) 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 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
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 6:38:00 PM 7:38:00 PM 8:38:00 PM 9:38:00 PM 10:38:00 PM 11:38:00 PM

 ( )  ( ) -110.55 -95.55 -80.55 -65.55 -50.55 -35.55 -20.55 -5.55 9.45 24.45 39.45 54.45 69.45 84.45 99.45
s ( ) s ( ) 1.80 11.68 22.21 33.09 44.03 54.58 63.83 69.58 68.62 61.64 51.91 41.20 30.25 19.43 9.04 Max Min
 ( )  ( ) 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 0.00 0.00
 ( )  ( ) 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 43.00 43.00

Incidence Angle 108.84 95.10 81.31 67.62 54.24 41.55 30.54 23.72 24.86 33.14 44.74 57.67 71.16 84.90 98.69
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -12.2 -12.0 31.6 110.9 209.7 302.7 345.2 389.4 381.5 329.2 289.1 193.4 99.7 20.5 -21.9 2656.7 3597.9
Diffuse (Normal) (Whr/m2) 1.04 26.76 45.34 62.77 76.24 83.19 93.00 96.78 92.70 93.80 85.75 71.73 56.86 37.97 17.25 941.19
Beam & Diffuse (MJ/m^2) -0.04 0.05 0.28 0.63 1.03 1.39 1.58 1.75 1.71 1.52 1.35 0.95 0.56 0.21 -0.02 12.95

Diffuse (Horizontal) (Whr/m2) 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 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
Solar Time 12:32:00 AM 1:32:00 AM 2:32:00 AM 3:32:00 AM 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 7:32:00 PM 8:32:00 PM 9:32:00 PM 10:32:00 PM 11:32:00 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
s ( ) s ( ) -0.54 9.38 19.93 30.83 41.76 52.26 61.48 67.42 67.21 60.99 51.66 41.11 30.17 19.29 8.76 Max Min
 ( )  ( ) 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 0.00 0.00
 ( )  ( ) 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 43.00 43.00

Incidence Angle 110.49 96.57 82.59 68.68 55.02 41.92 30.22 22.29 22.58 30.85 42.68 55.82 69.51 83.43 97.41
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -5.1 -16.1 33.4 119.1 240.7 313.0 371.3 432.4 432.4 371.9 302.6 217.3 129.8 31.3 -23.7 2950.4 3839.5
Diffuse (Normal) (Whr/m2) 0.00 20.30 39.19 57.35 69.54 85.87 89.65 90.63 92.58 89.10 82.16 69.48 53.63 34.07 15.54 889.1
Beam & Diffuse (MJ/m^2) -0.02 0.02 0.26 0.64 1.12 1.44 1.66 1.88 1.89 1.66 1.39 1.03 0.66 0.24 -0.03 13.82

Diffuse (Horizontal) (Whr/m2) 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 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
Solar Time 12:34:00 AM 1:34:00 AM 2:34:00 AM 3:34:00 AM 4:34:00 AM 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 7:34:00 PM 8:34:00 PM 9:34:00 PM 10:34:00 PM 11:34:00 PM

 ( )  ( ) -96.6 -81.6 -66.6 -51.6 -36.6 -21.6 -6.6 8.4 23.4 38.4 53.4 68.4 83.4 98.4
s ( ) s ( ) 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 Max Min
 ( )  ( ) 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 0.00
 ( )  ( ) 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 43.00

Incidence Angle 96.42 81.83 67.28 52.84 38.68 25.30 15.00 15.86 26.82 40.36 54.57 69.03 83.58 98.17
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -1.9 24.8 99.1 209.2 322.4 376.7 442.1 426.6 397.9 313.3 218.0 106.5 22.1 -7.7
Diffuse (Normal) (Whr/m2) 4.14 33.28 54.18 71.06 81.79 91.60 95.02 92.15 86.60 75.63 61.62 47.17 26.76 5.61
Beam & Diffuse (MJ/m^2) 0.01 0.21 0.55 1.01 1.46 1.69 1.93 1.87 1.74 1.40 1.01 0.55 0.18 -0.01 13.59

Diffuse (Horizontal) (Whr/m2) 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 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
Solar Time 12:43:00 AM 1:43:00 AM 2:43:00 AM 3:43:00 AM 4:43:00 AM 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 6:43:00 PM 7:43:00 PM 8:43:00 PM 9:43:00 PM 10:43:00 PM 11:43:00 PM

 ( )  ( ) -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
s ( ) s ( ) -1.57 9.39 20.14 30.25 39.10 45.75 49.03 48.08 43.17 35.41 25.91 15.46 4.57 Max Min
 ( )  ( ) 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
 ( )  ( ) 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 94.20 79.21 64.22 49.24 34.26 19.32 4.74 11.02 25.89 40.85 55.83 70.81 85.80
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) -1.3 44.6 157.4 275.6 382.1 480.6 500.0 468.9 443.1 357.8 249.8 118.9 13.3
Diffuse (Normal) (Whr/m2) 0.00 19.99 34.25 49.67 58.02 61.43 69.23 66.68 61.31 52.05 40.53 25.84 7.92
Beam & Diffuse (MJ/m^2) 0.00 0.23 0.69 1.17 1.58 1.95 2.05 1.93 1.82 1.48 1.05 0.52 0.08 14.54

Diffuse (Horizontal) (Whr/m2) 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 6.86 7.86 8.86 9.86 10.86 11.86 12.86 13.86 14.86 15.86 16.86 17.86
Solar Time 12:52:00 AM 1:52:00 AM 2:52:00 AM 3:52:00 AM 4:52:00 AM 5:52:00 AM 6:52:00 AM 7:52:00 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 5:52:00 PM 6:52:00 PM 7:52:00 PM 8:52:00 PM 9:52:00 PM 10:52:00 PM 11:52:00 PM

 ( )  ( ) -77.1 -62.1 -47.1 -32.1 -17.1 -2.1 12.9 27.9 42.9 57.9 72.9 87.9
s ( ) s ( ) 2.71 12.93 22.16 29.81 35.13 37.37 36.10 31.57 24.49 15.63 5.64 -5.01 Max Min
 ( )  ( ) 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
 ( )  ( ) 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 77.28 62.52 47.84 33.36 19.54 9.82 16.03 29.38 43.76 58.40 73.15 87.93
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 7.7 126.1 244.3 295.8 344.9 340.8 342.6 320.4 250.8 160.7 57.4 0.1
Diffuse (Normal) (Whr/m2) 2.19 27.85 41.75 50.28 59.12 61.80 56.44 49.73 38.03 27.43 9.87 0.00
Beam & Diffuse (MJ/m^2) 0.04 0.55 1.03 1.25 1.45 1.45 1.44 1.33 1.04 0.68 0.24 0.00 10.50

Diffuse (Horizontal) (Whr/m2) 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 7.88 8.88 9.88 10.88 11.88 12.88 13.88 14.88 15.88 16.88

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Movement Range

Tilt Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

Tilt Range

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Beam & Diffuse Total per Day (MJ/m^2)

Beam & Diffuse Total per Day (MJ/m^2)

TOTALS

Tilt Range

TOTALS

Movement Range

TOTALS

Movement Range

Beam & Diffuse Total per Day (MJ/m^2)



Solar Time 12:53:00 AM 1:53:00 AM 2:53:00 AM 3:53:00 AM 4:53:00 AM 5:53:00 AM 6:53:00 AM 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 5:53:00 PM 6:53:00 PM 7:53:00 PM 8:53:00 PM 9:53:00 PM 10:53:00 PM 11:53:00 PM
 ( )  ( ) -61.8 -46.8 -31.8 -16.8 -1.8 13.2 28.2 43.2 58.2 73.2
s ( ) s ( ) 6.09 14.64 21.54 26.20 28.08 26.92 22.89 16.47 8.26 -1.20 Max Min
 ( )  ( ) 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 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00

Incidence Angle 63.44 49.64 36.48 25.08 18.98 22.91 33.51 46.40 60.10 74.13
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 33.2 121.9 194.2 248.9 286.2 275.6 220.1 169.8 84.9 4.5
Diffuse (Normal) (Whr/m2) 13.41 31.39 42.11 50.83 51.68 48.27 41.14 30.59 16.09 0.67
Beam & Diffuse (MJ/m^2) 0.17 0.55 0.85 1.08 1.22 1.17 0.94 0.72 0.36 0.02 7.08

Diffuse (Horizontal) (Whr/m2) 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 7.75 8.75 9.75 10.75 11.75 12.75 13.75 14.75 15.75
Solar Time 12:45:00 AM 1:45:00 AM 2:45:00 AM 3:45:00 AM 4:45:00 AM 5:45:00 AM 6:45:00 AM 7:45:00 AM 8:45:00 AM 9:45:00 AM 10:45:00 AM 11:45:00 AM 12:45:00 PM 1:45:00 PM 2:45:00 PM 3:45:00 PM 4:45:00 PM 5:45:00 PM 6:45:00 PM 7:45:00 PM 8:45:00 PM 9:45:00 PM 10:45:00 PM 11:45:00 PM

 ( )  ( ) -63.75 -48.75 -33.75 -18.75 -3.75 11.25 26.25 41.25 56.25
s ( ) s ( ) 1.79 10.22 17.05 21.78 23.91 23.19 19.71 13.87 6.17 Max Min
 ( )  ( ) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 ( )  ( ) 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00 43.00

Incidence Angle 65.98 52.63 40.06 29.35 23.29 25.47 34.35 46.21 59.24
Beam Direct Normal (Whr/m2) 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 43.00 43.00

IT (Wh/m2) 14.0 116.3 207.2 267.9 258.7 234.4 200.6 166.7 89.8
Diffuse (Normal) (Whr/m2) 0.79 25.54 36.08 43.27 45.71 45.40 40.53 29.13 14.93
Beam & Diffuse (MJ/m^2) 0.05 0.51 0.88 1.12 1.10 1.01 0.87 0.70 0.38 6.61

Diffuse (Horizontal) (Whr/m2) 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

Beam & Diffuse Total per Day (MJ/m^2)

Movement Range

Tilt Range

TOTALS

Movement Range

Tilt Range

Beam & Diffuse Total per Day (MJ/m^2)



 
 

 

 
 

 

Gareth Lewis   Gabriel Harris   Danielle McCune 

lewisg@union.edu   harrisg@union.edu       mccuned@union.edu 

(781) 910 – 4512    (607) 341 – 3443   (518) 253 – 9155 
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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: 

• Robust construction, aluminum profiles 

• Easy installation 

• Unattended operation 

• No maintenance of the assembly required 

• Works even in winter 

• 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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BUSINESS NAME: SunFlower Solar (PLAN B) CONTACT PERSON:Gabriel B. Harris, CFO; Gareth Lewis, Chief Engineer; Danielle McCune, CMO

            ADDRESS: 1056 Gillespie St TELEPHONE #: 

Schenetady, NY 12308 PROJECTION BEGINS: March 2012

YEAR END PERCENT

Mar-12 Apr-12 May-12 Jun-12 Jul-12 Aug-12 Sep-12 Oct-12 Nov-12 Dec-12 Jan-13 Feb-13 TOTALS OF SALES

BEGINNING CASH 0 167500 150000 141500 133000 130500 128000 125500 140500 155500 170500 200500 0

Venture Capital Investment 100000 100,000

NYSERDA Grant 100000 100,000

0

0

0

0

0

0

0

CASH-ON-HAND 200000 167500 150000 141500 133000 130500 128000 125500 140500 155500 170500 200500 200,000

REVENUES BY SOURCE

0 0 0 0 0 0 0 0 0 0 0 0 0 0%

Solar Installer Sales 0 18000 26000 26000 34000 34000 34000 50000 50000 50000 70000 85000 477,000 85%

Institutional Sales 0 2000 6000 6000 6000 6000 6000 10000 10000 10000 10000 15000 87,000 15%

Total Revenues 0 20000 32000 32000 40000 40000 40000 60000 60000 60000 80000 100000 564,000 100%

0

0 0%

0 0%

0 0%

0 0%

0 0%

0 0 0 0 0 0 0 0 0 0 0 0 0 0%

GROSS PROFIT 0 20000 32000 32000 40000 40000 40000 60000 60000 60000 80000 100000 564,000 100%

SELLING, GENERAL & ADMINISTRATIVE EXPENSES

OWNER'S SALARIES 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 180,000 32%

INSURANCE 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 2%

PROFESSIONAL FEES 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 36,000 6%

PAYROLL 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 2%

ADVERTISING 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 30,000 5%

TELEPHONE 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 0%

HEAT & ELECTRIC 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 0%

REAL PROPERTY TAXES 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 0%

GENERAL MAINTENANCE 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 0%

TELEPHONE 0 0%

TRAVEL 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 7,500.00 7,500.00 7,500.00 7,500.00 7,500.00 107,500 19%

UTILITIES 0 0%

MISC EXP 0 0%

SUB-CONTRACTUAL 0 5000 8000 8000 10000 10000 10000 15000 15000 15000 20000 25000 141,000 25%

SITE IMPROVEMENTS 0 0%

PROPERTY PURCHASE 0

VECHILE 0

TOTAL SGA EXP 32,500 37,500 40,500 40,500 42,500 42,500 42,500 45,000 45,000 45,000 50,000 55,000 518,500 92%

0 0%

0 0%

0 0%

0 0%

NEW LOAN TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

NET PROFIT(LOSS) (32,500) (17,500) (8,500) (8,500) (2,500) (2,500) (2,500) 15,000 15,000 15,000 30,000 45,000 45,500 8%

CASH POSITION 167,500 150,000 141,500 133,000 130,500 128,000 125,500 140,500 155,500 170,500 200,500 245,500 245,500



BUSINESS NAME: SunFlower Solar (PLAN A) CONTACT PERSON:Gabriel B. Harris, CFO; Gareth Lewis, Chief Engineer; Danielle McCune, CMO

            ADDRESS: 1056 Gillespie St TELEPHONE #: 

Schenetady, NY 12308 PROJECTION BEGINS: March 2012

YEAR END PERCENT

Mar-12 Apr-12 May-12 Jun-12 Jul-12 Aug-12 Sep-12 Oct-12 Nov-12 Dec-12 Jan-13 Feb-13 TOTALS OF SALES

BEGINNING CASH 0 167500 150000 141500 133000 124500 116000 107500 99000 96500 111500 141500 0

Venture Capital Investment 100000 100,000

NYSERDA Grant 100000 100,000

0

0

0

0

0

0

0

CASH-ON-HAND 200000 167500 150000 141500 133000 124500 116000 107500 99000 96500 111500 141500 200,000

REVENUES BY SOURCE

Direct Sales 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

Solar Installer Sales 0 18000 26000 26000 26000 26000 26000 26000 34000 50000 70000 70000 398,000 84%

Institutional Sales 0 2000 6000 6000 6000 6000 6000 6000 6000 10000 10000 10000 74,000 16%

Total Revenues 0 20000 32000 32000 32000 32000 32000 32000 40000 60000 80000 80000 472,000 100%

0

0 0%

0 0%

0 0%

0 0%

0 0%

0 0 0 0 0 0 0 0 0 0 0 0 0 0%

GROSS PROFIT 0 20000 32000 32000 32000 32000 32000 32000 40000 60000 80000 80000 472,000 100%

SELLING, GENERAL & ADMINISTRATIVE EXPENSES

OWNER'S SALARIES 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 180,000 38%

INSURANCE 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 3%

PROFESSIONAL FEES 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 36,000 8%

PAYROLL 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 3%

ADVERTISING 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 30,000 6%

TELEPHONE 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 0%

HEAT & ELECTRIC 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 0%

REAL PROPERTY TAXES 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 0%

GENERAL MAINTENANCE 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 0%

TELEPHONE 0 0%

TRAVEL 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 10,000.00 7,500.00 7,500.00 7,500.00 112,500 24%

UTILITIES 0 0%

MISC EXP 0 0%

SUB-CONTRACTUAL 0 5000 8000 8000 8000 8000 8000 8000 10000 15000 20000 20000 118,000 25%

SITE IMPROVEMENTS 0 0%

PROPERTY PURCHASE 0

VECHILE 0

TOTAL SGA EXP 32,500 37,500 40,500 40,500 40,500 40,500 40,500 40,500 42,500 45,000 50,000 50,000 500,500 106%

0 0%

0 0%

0 0%

0 0%

NEW LOAN TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

NET PROFIT(LOSS) (32,500) (17,500) (8,500) (8,500) (8,500) (8,500) (8,500) (8,500) (2,500) 15,000 30,000 30,000 (28,500) -6%

CASH POSITION 167,500 150,000 141,500 133,000 124,500 116,000 107,500 99,000 96,500 111,500 141,500 171,500 171,500



BUSINESS NAME: SunFlower Solar (PLAN C) CONTACT PERSON:Gabriel B. Harris, CFO; Gareth Lewis, Chief Engineer; Danielle McCune, CMO

            ADDRESS: 1056 Gillespie St TELEPHONE #: 

Schenetady, NY 12308 PROJECTION BEGINS: March 2012

YEAR END PERCENT

Mar-12 Apr-12 May-12 Jun-12 Jul-12 Aug-12 Sep-12 Oct-12 Nov-12 Dec-12 Jan-13 Feb-13 TOTALS OF SALES

BEGINNING CASH 0 167500 159000 156500 154000 169000 184000 199000 229000 279000 324000 369000 0

Venture Capital Investment 100000 100,000

NYSERDA Grant 100000 100,000

0

0

0

0

0

0

0

CASH-ON-HAND 200000 167500 159000 156500 154000 169000 184000 199000 229000 279000 324000 369000 200,000

REVENUES BY SOURCE

Direct Sales 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

Solar Installer Sales 0 26000 34000 34000 50000 50000 50000 70000 90000 85000 85000 85000 659,000 85%

Institutional Sales 0 6000 6000 6000 10000 10000 10000 10000 10000 15000 15000 15000 113,000 15%

Total Revenues 0 32000 40000 40000 60000 60000 60000 80000 100000 100000 100000 100000 772,000 100%

0

0 0%

0 0%

0 0%

0 0%

0 0%

0 0 0 0 0 0 0 0 0 0 0 0 0 0%

GROSS PROFIT 0 32000 40000 40000 60000 60000 60000 80000 100000 100000 100000 100000 772,000 100%

SELLING, GENERAL & ADMINISTRATIVE EXPENSES

OWNER'S SALARIES 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 15,000.00 180,000 23%

INSURANCE 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 2%

PROFESSIONAL FEES 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 3,000.00 36,000 5%

PAYROLL 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 12,000 2%

ADVERTISING 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 30,000 4%

TELEPHONE 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 0%

HEAT & ELECTRIC 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 0%

REAL PROPERTY TAXES 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 0%

GENERAL MAINTENANCE 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 0%

TELEPHONE 0 0%

TRAVEL 10,000.00 10,000.00 10,000.00 10,000.00 7,500.00 7,500.00 7,500.00 7,500.00 7,500.00 7,500.00 7,500.00 7,500.00 100,000 13%

UTILITIES 0 0%

MISC EXP 0 0%

SUB-CONTRACTUAL 0 8000 10000 10000 15000 15000 15000 20000 20000 25000 25000 25000 188,000 24%

SITE IMPROVEMENTS 0 0%

PROPERTY PURCHASE 0

VECHILE 0

TOTAL SGA EXP 32,500 40,500 42,500 42,500 45,000 45,000 45,000 50,000 50,000 55,000 55,000 55,000 558,000 72%

0 0%

0 0%

0 0%

0 0%

NEW LOAN TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

NET PROFIT(LOSS) (32,500) (8,500) (2,500) (2,500) 15,000 15,000 15,000 30,000 50,000 45,000 45,000 45,000 214,000 28%

CASH POSITION 167,500 159,000 156,500 154,000 169,000 184,000 199,000 229,000 279,000 324,000 369,000 414,000 414,000
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Danielle McCune                                  518.253.9155 
17 Circle Drive                        mccuned@union.edu 
Voorheesville, NY 12186                              

Objective: To take advantage of unique opportunities that will allow me to utilize my current skills and contribute to 
a research project while expanding my professional and academic horizons 

Education: 

Union College – Schenectady, NY                                                                January 2009 – Present   
American Studies and Economics          
 -     Debate Team, Secretary          
 -     Camarata Singers 

Hudson Valley Community College – Troy, NY              January 2007 – December 2008 
Business Administration, 3.8 GPA          
 -     Sigma Alpha Pi, National Society for Leadership and Success, Presidential Member  
 -     Hudsonian, Business and Sports writer 

Work Experi ence: 

Tuxego, Latham, NY                           April 2007-Present  
Assistant Manager            
 -     Developed training and operations procedures and company manual    
 -     Responsible for overseeing daily operations, administration, and staff     
 -     Opening and closing store duties including reconciling cash receipts, placing nightly orders                         
       and receiving and verifying incoming orders weekly 

American Eagle Outfitters, Guilderland, NY                    July 2005-April 2006     
Sales Associate             
 -     Interacting with customers and assisting them in their purchase to ensure a pleasurable   
       shopping experience          
 -     Completing cash and credit card transactions in an efficient and friendly manner 

Pretzel Time, Guilderland, NY                                                          October 2004-April 2006  
Assistant Manager            
 -     Opening and Closing store duties including ensuring accurate financials, preparing the store and      
       staff for the day and keeping the store clean to New York State Health Code standards 
 -     Organizing the weekly work schedule for staff 

Awards and Distinctions: 

$ Nationally ranked in the 99th percentile for critical thinking, 2008 
$ Who’s Who in America’s Junior Colleges, 2008 
$ Excellence in Academic Research in Economics, 2007 

Writing Experience:  

  -     Wrote weekly column in High School called Ponder This which encouraged and solicited  
        reader contributions           
  -     Write and track Debate Team cases weekly as Union College’s Debate Team Secretary  
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Gareth W. D. Lewis 
Union College, Box 1323       lewisg@union.edu   18 Dexter Rd   
Schenectady, NY 12308        Lexington MA, 02420 
          (781) 910-4512 
 

Education______________________________________________________________________ 
Union College, Schenectady, NY 
Bachelor of Science in Mechanical Engineering,                    June 2010 
GPA: 3.5 ME, 3.3; Dean’s List, National Honorary Mechanical Engineering Fraternity – Vice President 
 
Study Abroad: Czech Republic – Prague, Czech Republic Technical Institute, Fall 2008 
 
Computer Skills: SolidWorks, MATLAB/SIMULINK , Personal DaqView, CATT2, Microsoft Office 

 

Professional Experience__________________________________________________________ 
 

Mechanical Design Engineer, Spire Solar, Inc., Bedford, MA           Summers, 2008 – 2009 
Leading global solar company providing capital equipment to manufacture PV modules & cells, turnkey 
solar manufacturing lines and PV systems 

• Assisted Professional Engineer in project management and design  
• Surveyed vendors of light curtains and presented analysis and recommendation to senior 

management. Change reduced cost and improved safety of product 
• Designed several upgrade parts in SolidWorks that were built & became part of the production line 

 
Tutor, Union College, Academic Opportunity Program                     Fall 2009 
Highly recommended by faculty to tutor Mechanical Engineering and Physics courses 
 
Lifeguard & Camp Counselor, Paint Rock Pool & Summer’s Edge Day Camp         Summers 2004 – 2007 

• Promoted to Assistant Pool Manager and Lifeguard and promoted to Head Camp Counselor  
• Assisted Manager with the budget, hiring, and managing guard hours 
• Supervised 8 lifeguards, 10 to 20 campers and assistant counselor 
• Oversaw pool safety in indoor and outdoor facility 

 

Engineering Coursework_________________________________________________________ 
 
Senior Design Project, Sun Tracking System for Solar Arrays, Union College     Fall &  Winter 2009-2010 

• Research and design a sun-tracking system for PV and Solar Thermal Systems 
Wind Technology, Union Graduate College              Spring 2010 

• Wind turbine technology, performance, future opportunities, and wind farm project design and development 
Entrepreneurship Seminar, Union College              Winter 2010 

•  Interdisciplinary teams communicate to develop business/marketing plan for ME senior project 
Turbine Technology, Union Graduate College                Winter 2010 

• Fundamentals of design, analysis, technology of variety of turbines. Develop broad understanding 
of challenges, future of turbine systems, and environmental concerns 

Solar Energy Analysis and Design, Union College                      Fall 2009 
• Analysis and design techniques of solar energy for heating, cooling, and electric power generation 

Design of Mechanical Systems, Union College                Winter 2010 
• Mechanical capstone, team project-oriented course 
• Design, construct, operate, and compete in ASME Student Design Competition  

Design of Thermal Fluid Systems, Union College                      Fall 2009 
• Capstone, project-oriented course 
• Thermal fluid area of mechanical engineering 
• Applies team oriented design of thermal fluid processes and systems 

 

Professional Memberships, Honors & Presentations___________________________________ 
• American Society for Mechanical Engineers 
• American Society of Heating, Refrigerating & Air Conditioning Engineers – Started Chapter 
• Pi Tau Sigma, National Honorary Mechanical Engineering Fraternity – Vice President 
• “Interdependence of Engineering and Liberal Arts Manifested in Constructed Facilities” 

presentation at Skidmore College Consortial Conference on Science, Politics, and Society, April 
2008 
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Gabriel B. Harris           378 Bunn Hill Rd, Vestal, NY 13850 
                                    (607) 341-3443 

  gabrielb.harris@gmail.com 
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

EDUCATION  
Union College, Schenectady, NY/Bachelor of Science in Psychology, French Minor    June 2010 
GPA 3.4/4.0  

Study Abroad: Rennes, France            Fall 2008  
Mini Term Experience: New Orleans, Louisiana                           Winter 2007 
 
Senior Thesis: Marketing/Persuasive Psychology- Social Personality v. Reaction to Price 

• Using a personality dichotomy called “self-concept” to better understand how consumers relate product price to 
product quality  

 
WORK EXPERIENCE  
Direct Brands, Inc.- Market Research and Account Management Intern               Summer 2009 

• Provided key research, analysis and recommendations for launch of e-Book business 
• Manage internet updates and web content for various accounts 

Union College Admissions- Senior Intern                    Spring 2009-Present 
• Interview prospective students for admission 
• Lead information sessions with groups of prospective students and parents 

SAFER of New Orleans, New Orleans, Louisiana- Volunteer Summer Intern            Summer 2008 
• Hurricane Katrina recovery work and construction 
• Served as Construction Interim General Manager  
• Organized volunteer teams to rebuild flooded homes 

One-Up Fitness, Vestal, New York                     Fall 2005-Fall 2007 
• Managed gym finances and facilities 
• Coached members of all levels and ages in order to obtain highest level of physical fitness 

 

CAMPUS LEADERSHIP  
Union College Board of Trustees- Student Trustee                            Spring 2008-Present 

• Elected student and voting member of the Union College Board of Trustees 
 

Union College Committee for Hazing Education- Committee Founder and Chair                             Winter 2009-Present 
• Assembled panel of deans/administrators and students in effort to educate students about hazing  

• Certified Bystander Intervention Facilitator 

Dutch Pipers, Union’s premiere all male a cappella group- President, Treasurer/Events Manager          Fall 2006-Present 
• Manage and allocate funds, organize concert tours and charity events 
• Collaborate with Union administrators to plan school-wide and public events 
• Produce annual concerts that require coordinating with numerous other collegiate a cappella groups 

 

Admissions- Gatekeeper Honorary Society Tour Guide, Student Speaker                         Spring 2007-Present 
• Present to over 600 attendees during Admissions accepted students’ days to promote Union College 
• Lead campus tours for prospective Union Students, parents and guidance counselors 

 
AWARDS AND HONORS 
Calvin G. Schmidt Prize 

• To the member of the junior class who has contributed most to the betterment of student life on campus 
Delphic Honor Society Award 

• To juniors and seniors for exemplary contribution to the Union College community 
 

VOLUNTEER/COMMUNITY INVOLVEMENT  
Habitat for Humanity of Broome County, Binghamton, New York                   Summer 2004-Present 
Binghamton Flood Relief, Binghamton, New York                     Summer 2007  
 
LANGUAGE /COMPUTER SKILLS  
Fluent in French 
Highly proficient in Microsoft Word, Excel, PowerPoint 
  
COLLEGIATE ATHLETICS  
Varsity Men’s Swimming Team                 Fall 2006-Spring 2007 
Union Rugby Club             Fall 2006-Present 
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• In a single hour, enough sunlight reaches the earth's surface to meet the entire 
world's energy needs for a full year!(

• Utilities are becoming increasingly expensive. (
(
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• The SolarFlower is an active dual axis tracking system. (
• BumpTrac technology provides consistent movement(
• Offers an increase of at least 40 – 50% in the power output. (
• Capable of perfectly tracking the sun at any latitude(
• Robust construction can weather the elements(
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Preliminary Studies and Results 

 The research portion focused on the benefits of a sun-tracking system, the 
majority of the fall term work. Calculations and modeling were performed to determine 
the increase in sun exposure of tracking vs. stationary arrangements. Over the fall term I 
was able to determine the increase in sun exposure a sun-tracking system would have 
over a fixed array using data from the National Solar Radiation Data Base. Data was 
averaged from 2000 – 2005 to ensure reliable results. The results of the calculations show 
a 50% increase of insolation in the Schenectady area. See table 1 for values over the 
months of the year and Figure 1 for the graphical representation. These calculations 
establish a significant increase in exposure. 
 

 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 2.11 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 2.44 23.20 
November 8.07 7.08 1.00 14.08 
December 7.66 6.61 1.05 15.83 

 
Table 1. Daily average of solar radiation for a tracking and fixed system as well as the 
difference and percent increase.  
 



!

 
Figure 1. Graph of the daily average of solar radiation for a tracking and fixed system 
Calculations 
 Most of the calculations were made possible with the knowledge I gathered from 
my Solar Energy Analysis and Design, MER 419, course taught by Professor Wilk. The 
solar data used was collected from the National Solar Radiation Data Base. 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 determined however, this 
resulted in inconsistencies, and hourly data was later used for both tracking and fixed 
calculations. The data can be seen in Appendix C.  
 To calculate the total insolation, the measure of solar radiation energy received on 
a given surface area in a given time, the following equation is used: 

!  

H T = H bR b + H d R d + " H b + H d( )R gr  

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 was 
used.  

! 

H b = H " H d  
 

As both systems are tilted, a tilting factor is required to account for the amount of ground 
reflected an area absorbs: 
 

!  

R b =
cos( " # $ ) cos%sin & '  s + & '  ssin( " # $ ) sin%

cos" cos%sin' s + ' ssin" sin%
 

 



!

!  

R gr =
1" cos#( )

2
 

 

! 

R d =
1+ cos"( )

2
 

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

!  

"  
represents the latitude, in this case approximately 43  

! 

! , 

! 

"  is the tilt angle, and 

!  

"  is the 
declination or the angle measured from the equatorial plane to the ecliptic plane at solar 
noon. The variables 

!  

" #  s and 

!  

" s stands for the sunset hour angle. To calculate the 
declination the following equation is used: 

!  

" = 23.45sin 360284+ n
365

# 
$ % 

& 
'  (  

Where “n” is the number day of the year. I used the average day for each month taken 
from table___ in [3]. In order to calculate the sunset angle you require the latitude and the 
declination:  

!  

" s = cos#1 #tan($)tan%( ) 
 

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

! 

SolarTime= Std.Time+ 4(LST " LLOC) + E  
 

Where LST is the longitude for the east coast, 75  

! 

!W, and LLOC 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+ 0.001868cos" # 0.032077sin" # 0.014615cos2" # 0.04089sin2"( ) 
 
Where B, in degrees, is calculated: 

! 

" = 360(n #1)
365

 

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

  

!  

" =15!(SolarNoon# CurrentTime) 
 

The solar azimuth angle, 

! 

" s, the angle measured in horizontal plane from due south, can 
also be calculated for each hour: 



!

!  

" s =180# sin#1 cos$sin%
cos&s

'  

( 
) 

* 

+ 
,   

 
This value 

! 

" s was later be used to determine the tilt range the tracking system should 
account for. In the last equation 

!  

" s is the solar altitude angle determined by the 
following: 
 

!  

" s = sin#1 cos$cos%cos& + sin$sin%( ) 
 

From the calculated solar altitude angle, the required tilt of the module is determined by 
subtracting 90 degrees: 
 

!  

" = 90#$ s 
 
This then gives you the angle at which the modules should be for a zero incidence angle 
to receive the highest exposure as 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. 

!  

" i = f #,$ ,%,&,'( ) 

Tracking System Calculations: 
 Assuming the panels were directly facing the sun, incidence angle of zero, the 
hourly beam values were given. Calculations were required to alter the values of diffuse 
and ground reflected values given. The diffuse data was for a horizontal surface, Id,h, so a 
correction factor was applied. The ground reflectance is similar, except includes a 
reflectance factor, ! , for different times of the year.  

!  

Id,T = Id ,h
1+ cos"

2
# 
$ 
% 

& 
'  
(  

 

!  

Igr,T = I"
1# cos$( )

2
 

All the hourly values for bean, diffuse, and ground reflectance were summed to 
determine the daily insolation to compare to the insolation of a fixed system. The above 
calculations also enabled me to determine the maximum and minimum angle of azimuth 
and altitude, which will contribute to the final design of the system.  
 
Fixed System Calculations: 
 



!

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

!  

" i = cos#1 sin$sin%cos&+ sin$cos%sin&cos ' ZS + cos$cos%cos&cos(
#cos$sin%sin&cos ' ZScos( # cos$sin&AZSsin(

) 

* 
+ 

,  

- 
.   

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

 
 

 
 
Unit Conversion: 
The National Solar Radiation Data Base gave all values in W hr/m2, which was converted 
into more common units of MJ/m2 using the following conversion: 
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Abstract 
 
 This project will research, design, and construct a sun-tracking solar thermal 
system to displace a portion of the electric heating element in the Achilles Center used 
for domestic hot water. The initial portion will involve research and analysis of the hot 
water heating load requirements for the center. This will determine the size of the solar 
thermal system required to partially or entirely meet the hot water requirements. After the 
research phase is completed, the design of the tracking system will commence. A scale 
model of the final design will be built with the opportunity to perform further research. 
 
Introduction 
 

Global warming has increased the awareness and demand for greener energy 
produced by such means as wind power, solar power, hydroelectricity and biomass. Solar 
power is emerging as the best renewable energy source, having a potential application in 
large parts of the world.  

There are currently two ways of improving a solar system’s output: improving 
efficiency of the collector and by increasing its the exposure from the sun. Increases in 
efficiency will come in due time and with new technology, however, increasing a panels 
exposure through sun-tracking has an immediate increase in a system’s output. All solar 
systems output is maximized when perpendicular to the sun, therefore a solar tracker can 
increase the effectiveness and output of such equipment over any fixed-position system. 
There are many types of solar trackers, of varying costs, sophistication, and performance. 
Concentrators, especially in solar cell applications, require a high degree of accuracy to 
ensure that the concentrated sunlight is directed precisely to the collecting device. Non-
concentrating applications require less accuracy, and many are capable of working 
without any tracking at all. However, tracking can considerably improve the amount of 
total power produced by any solar system. Compared to the solar modules, trackers can 
be inexpensive, making them cost-effective.  

The type of solar thermal system that will be used for this project are evacuated 
tube heat pipes. These state of the art modules consist of parallel rows of vacuum-sealed 
glass tubes with absorbent material facing the sun. Sunlight shines through the glass, is 
absorbed into the material, where it transfers heat to a circulated working fluid. The 
evacuated characteristic lowers heat loss due to convection increasing its efficiency. It 
will be possible to design a sun-tracking solar thermal system with these evacuated tubes 
that displaces the energy load required to meet the huge demand for hot water in the 
building including the showers, and the Zamboni.  

The Achilles Center is an ideal site for solar thermal system because of the 
orientation and tilt of the roof. In addition, the curvature of the roof will allow for the 
design of a system, which translates along the roof to follow the sun’s daily path. This 
campus project will inevitably make Union College a more sustainable institution by 
lowering the electricity and oil consumption of the Center. This project will also 
contribute to research and applications in the sun-tracking solar field.  
 
 



Objectives/Problem Definition 
 

The Achilles Center’s roof surface is deteriorating faster than expected and will 
need to be replaced within the next year. Due to the increasing demand to “go green” and 
Union College’s effort to become a more sustainable institution, it is an ideal time to 
design and build a solar thermal system for the Center in conjunction with the 
construction on the roof in the coming year. The Union College Facilities department has 
approached Professor Wilk to assess the feasibility of installing a solar thermal water 
heating system to displace some of the electric heating element requirements.  
 This project will research, design, and construct a sun-tracking solar thermal 
system to reduce the load placed on the electric heating element in the Achilles Center to 
heat domestic hot water. This will involve research and analysis of the hot water heating 
load requirements for the center to determine the size of the solar thermal system required 
to partially or entirely replace the current system and to meet some or all of the hot water 
requirements. Once the research phase is completed, the design of the tracking system 
will begin. A scale model of the final design will be built with the opportunity to perform 
further research. 
 
Project Plan 
 The project has two main phases: research to determine type of solar of system 
required and design of tracking system. Discussions with the Union College Facilities 
department have already begun to determine exact values for the heating load of the 
system at certain times of the year still have to be addressed; however, initial 
observations lend themselves to the system’s feasibility. The energy consumption records 
will have to be analyzed to determine the size of solar thermal system that will be 
required. Once this is determined, research of the type of solar thermal system to be 
employed will be decided. Research into how the output of the selected solar system will 
be improved by tracking the sun will then be completed. After the research portion of the 
project is finished the design phase of the tracking system begins.  
 The shape of the center’s roof lends itself well to a tracking system. The design 
scope will be to develop a simple tracking system that is simple, robust, and yet 
inexpensive. It should be easy to manufacture, build, install, and maintain. Several 
designs will be drawn up and assessed to determine the best solution. At this point, 
SolidWorks models will be produced and a small-scale model prototype will be created. 
This prototype will then be tested on Professor Wilk’s current roof top lab for further 
research.  
 In addition to laying out the solar thermal system, the hot water distribution 
system in the Achilles Center will have to be designed. Unfortunately the current storage 
tanks are on the north side whereas the solar system will be on the south side. Several 
solutions have already been discussed but further details will have to be determined. 



  
Preliminary Design 
  
 To establish the final design, I met with Professor Keat to brainstorm several 
different ideas of how to approach this project. With his assistance, we were able to 
narrow the many ideas that were thought of and focus on a single one to come up with the 
final design. Numerous designs for all of the mechanical aspects of the design, the 
transverse and tilt components were thought through to establish the simplest most 
reliable design as well as a way of addressing several issues I encountered. The section is 
broken into the design components, issues encountered, and budget. 
  
Frame 
 The original plan was to have the modules on separate frames, and transverse the 
roof on tracks, see Figure 2. The final design moves away from a separate module idea 
and combines all of the modules onto a single frame; shaped similarly to a triangle, see 
Figure 3.   
 

 
Figure 2. Artist’s rendition of what the original design may have looked like 



 
Figure 3. SolidWorks model of sun-tracking system 
 
This single frame simplifies the tracking mechanism, the tilt mechanism, and the fluid 
transfer component of the design. Using a single frame lowers the number of carts 
required to move along the roof, allows for the entire row of modules to be tilted 
together, allows for a manifold type arrangement lowering the number of pipes required. 
  
Movement Mechanism 
 The transverse mechanism took many forms, the final being a gear and rack 
system. See Appendix A for attached sketches of some of the original designs. The 
motor(s) will be placed along the bottom of the frame, and the rack will follow along the 
overhang of the roof. As the motors rotate the gears over the rack, the frame will move 
along the roof tracking the sun in azimuth.  The top of the frame will follow along on 
tracks to be installed with the coming construction.  
  
Tilt Mechanism 
 In determining the tilt mechanism, the final design uses a ball screw type 
assembly allowing for all the modules in a row to be tilted simultaneously. The details of 
this component still have to be established, however, there are similar mechanism already 
in production further supporting the idea.  
 
Issues Encountered 
 A significant portion of the design phase is ensuring the reliability of the product. 
After developing the basic final design Professor Keat and I thought of ways in which the 
design could possibly fail and how to overcome these problems. One issue that came up 
was weather proofing the movement mechanism. In the winter, snow and ice could clog 
the tracks stopping the movement of the system. To overcome this problem we came up 
with several ways in which the tracks could be heated to avoid ice build up through hot 
water pipe or electric resistive heating.  
 A second issue I was concerned with was the fluid transfer and its heat loss 
through the tubing. As the frame transverses across the roof the hot and cold working 



fluid tubes have to follow along. This develops a challenge with how the tubing will 
match the movement. We came up with a spool type idea where the Pex-tubing will wrap 
around the spool under the roof reducing heat loss and be capable of retracting and 
extending when necessary.  
 
Budget 
 Funding for the construction of the prototype was applied for through two grants: 
IEF and Presidential Green Grant. I was able to receive funding from both grants to a 
total of $2600. These items include a motor, radius track, framing for module, belts, 
tubing, and a hose carrier. Many of the items will not be reusable because they will be 
part of the small scale. The itemized budget is included below: 
 
Table 2. Itemized budget of proposed prototype 
Item De scription Product # Source Quantity Unit Price Total Price
Linear A ctuator 64958481 M SC 2 378.68 757.36
Electric W inch 9354T41 M cM aster Carr 1 376.66 376.66
A luminum Extrus ions 5632559 M SC 2 30.7 61.4
Compact  DC Gearmotor 6409K11 M cM aster Carr 1 44.96 44.96
A C Gearmotor 6142K42 M cM aster Carr 1 42.54 42.54
Polyu rethane-Tread W heels 75947143 M SC 8 8.89 71.12
Steel Seamles s Pipe 7972K19 M cM aster Carr 2 116.46 232.92
Self-Retracting Tubing 9384T24 M cM aster Carr 1 137.64 137.64
Hinged Cable and Hos e Carrier 4591T32 M cM aster Carr 1 269.7 269.7

TOTAL: 1994.3  
 



Project’s Schedule 
 The following table, Table 3, displays the projects schedule. The research and 
design portion will continue into the winter break after having received the hot water 
requirements from Union College Facilities.  
 
 
Table 3. Gant chart of project’s expected schedule 
 Fall ‘09 Winter ‘10 
Weeks: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Task 1:                                         
Research                                          
                                          
Task 2:                                         
Design                                         
                                          
Building of 
Prototype                                         
                                          
Testing                                         

 



Analysis 
 
 As the final design has yet to be fully completed due to the lack of load 
requirements gathered, the weight, cost, size and many other factors cannot be finalized. 
However, the design as of now incorporates 20 modules, consisting of 16 tubes each. The 
weight of the system will depend heavily on the framing used and analysis into the frame 
structural requirements still have be assessed. In estimating, each module weights 
approximately 125 lbs; the total weight of all the modules is 2500 lbs. This is without the 
working fluid, however, the weight can be ignored, as it will be insignificant compared to 
the frame and modules. Assuming the frame is equal to the weight of the modules, the 
entire system could weigh as much as 5000 lbs.  
 The same issue is run into when determining the cost of the system as the framing 
has yet to be finalized. In determining the cost of each module, the average module price 
for a 16 tube collector is approximately $2000. So the total cost of the 20 modules would 
amount to $40000. With the addition of the custom frame, tracks, motors, tubing, storage 
tanks, and heat exchangers, the system could cost upwards of $100,000. Union College 
would most likely apply for grants to pay for most of the expenses making this a viable 
option.  



Summery and Conclusion  
 
 Over the course of this fall term I was able to make good progress in both the 
research and design portions of the project. Through calculations I determined a potential 
sun exposure increase of upwards of 250% with the inclusion of a sun tracking system. 
This makes it clear a tracking system will have a drastic effect on increasing the power 
output of a solar thermal system.  
 With the assistance of Professor Keat, I was able to narrow down the designs and 
establish the final design for each component and an overall final design of the system. I 
was also able to overcome some of the issues, which arose such as weather proofing and 
heat losses.  
 During the research and design I applied for and was awarded two grants, IEF 
grant and the Presidential Green Grant. The two grants funding amassed to $2600, well 
over what I was expecting to receive. This funding will help me purchase and build a 
prototype for further testing.  



Future Work 
 There is still a large portion of the project to be completed. Over the following 
winter break I hope to complete the load analysis, determine what portion of the load will 
be displaced by the system, and finalize the design around the new system size. With the 
heating records of the past fall term I hope to have a better understanding of the required 
hot water load and establish what displacement factor would be feasible. The evacuated 
tube model will be selected and from the product specifications I will begin to ases the 
increase in output with the tracking compared to a fixed system. From the finalized 
system size, modeling of the different components could be completed by the end of the 
break in SolidWorks. Analysis of the possible output will be performed including losses 
in the fluid transfer and transportation, heat exchangers, and fluid storage. The next step 
will then be to build and test the prototype for further testing and research.  
 
Anticipated Outcomes 
 This proposed project will have significant direct benefits for Union College but 
will also contribute to further understanding the effects a tracking system can have on the 
energy production of solar systems.  This project will have two main outcomes this 
academic year, a design and a scale model of the sun-tracking solar thermal system 
design. The ultimate goal is to have the system constructed on the roof of the Achilles 
Center’s roof in 2010/2011. When fully implemented, the system will lower the amount 
of electricity taken from the power grid and the fossil fuel usage. 
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Appendix A. Increase in exposure calculations 
 



Appendix B. Alternative design sketches 
 

 
Figure 1. Original sketch, single frame per module idea 



 
Figure 2. Alternative single frame per module sketch 



 
Figure 3. Sketch of guidance track system, inspiration from roller coasters 
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