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C.M.F. Engineering, Inc. 
24 Ridge Road 

Longmeadow, MA 01106 
Tel: 413/567-1175 

 email: CMF.Freedman@gmail.com  
 

December 9, 2018 
 
RE: Evaluation of Chelsea and Apple Hill sites 
 
Enclosures: 

Exhibit CS-BW-57, Docket 8302 
Prefile Testimony of Brad Wilson, PUC Docket 17-5024-PET, 11/27/2017 
Prefile Testimony of Ian Jewkes, PUC Docket 17-5024-PET, 11/27/2017 

 
 
Annette Smith 
Vermonters for a Clean Environment 
789 Baker Brook Road 
Danby, Vermont 05739 
 
Dear Ms. Smith: 
 
An analysis of expected photovoltaic solar farm performance was completed for the proposed “Chelsea” and “Apple Hill” sites adjacent to Willow 
Road and Route 7 in Bennington, Vermont. 

A sensitivity analysis was done for solar panels located at 43.9° North latitude facing true south and pitched at: 15°, 20°, 25°, 30°, 35°, and 40° above 
the horizontal.  Based on reported information, the overal gradient of the site is 8% upwards from front to rear. 

 

VCE Exhibit 2
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Site Plan for Chelsea Solar Farm 
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Proposed “Chelsea” and “Apple Hill” arrays 

 

Profile of subject solar farm documenting an 8% gradient 
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Note: Distance between panel rows was reported to be 7.6 feet.  Each panel measures approximately 77” long by 39” wide. 
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Based on a review of the subject file information, it was determined that the panel quantities are as follows: 
 

 

 
The performance of solar panels has been based on its manufacturer’s performance rating and its temperature coefficient. 
A solar panel that is typically black or dark blue in color and not only produces electricity, its surface becomes heated by the sunlight. 
As the solar panel surface becomes warmer, its performance is reduced. 
This analysis used a nominal panel efficiency of 17% and a typical temperature coefficient of -0.0041 per 1°C above 25°C (77°F) 1. 
 

Example: 

Solar Insolation: 300 Btu/(hr-sf) 

Surface Temperature: 35°C; Increase above rating: 35°C – 24°C = 10°C 

Temperature coefficient factor: 10°C x -0.0041/°C = -0.041; its performance would be as follows: 

300 Btu/(hr-sf) x watt/(3.412 Btu/hr) x 17% x (1-0.041) = 14.3 watts/sf 
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The following climatic data was utilized in the analyis: 

 

 Note 1: % Sunshine for Albany, NY 
 Note 2: High & Low Temperatures for Bennington, VT 
 
 
 
 
Based on review of more than 20 years of weather data, the following temperature profiles have been determined: 
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Example: For a low of 0°F and a high of 50°F, a daily temperature ramp would be as follows: 
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Solar Insolation was determined based on ASHRAE Clear Sky equations using conventional extinction coefficients as well as updated values using 
the adjusted air mass values based on the cosine effect.  The modified evaluation establishes greater solar insolation intensity when θz has greater 
values or when the sun is lower on the horizon.  Please see references No. 2 through No. 4 below. 

 

 

ASHRAE Clear Sky Parameters 
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Three Solar Insolation Components       The Cosine Effect 

 

 

  

Modified 
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The proposed pitch of 15° in Blue font has been compared to other panel positions. 

[The values below are presented in the ideal case when there is no shading caused by one solar panel to another] 
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With Modified Cosine Factor Extinction Coefficient Correction: 

[The values below are also presented in the ideal case when there is no shading caused by one solar panel to another.] 

 

It is noted that there is little if any increase in performance on an annual basis with panel pitch greater than 30°. 

 

 

It is noted that there is little if any increase in performance on an annual basis with panel pitch greater than 30°. 
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As solar panels become more elevated, the preceding solar panel will cast a shadow on subsequent panels. 

Determination of Solar Panel Shaded Areas: 

α - Solar Altitude 

L – Solar Panel Length 

β - Pitch above horizontal 

Δ - Distance between panel rows 

ΔY = [Lcos(β)] + Δ] •[Grade] 
 

tan(α) = [Lsin(β) - ΔY] 
                         S 
                       

Shadow Length (S),  S = Lsin(β) - ΔY  
                                             tan(α) 

 
Shadow projected onto panel by Sine law: 
 

 
__Z_  = ____(S- Δ)___ 
sin(α)     sin(180° - β – α)  

 

Solving for Z, the shaded portion of the solar panel is: 

                  
        Z  = (S- Δ) • sin(α)___ 
                 sin(180° - β – α) 

(180-β-α) 
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Based on a panel spacing of 7.6 feet, the shading factors are as follows: 
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Based on a panel spacing of 8.9 feet, the shading factors are as follows: 

 

 

It was previously noted that there was little if any increase in performance on an annual basis with panel pitch greater than 30°. 
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Conclusion 

Performance Summary: 

 

 

The average monthly performance per square foot of the solar panels increases from 1,720 Watt-hrs/Month per sf to 1,808 Watt-hrs/Month per sf 
KWH/day (5.5% increase) when the solar panel pitch is increased from 15° to 30°. 

With a 30° panel pitch, the base distance of the panels is reduced by 22.5”.  If the spacing is increased by 22.5” (increased from 7.6 feet to 8.9 feet), 
the shading is reduced and the land allocation remains the same.   

 

QUALIFICATIONS 
If any additional information is encountered which relates to this evaluation, CMF Engineering, Inc. reserves the right to alter the opinions contained in this 
report.  In some cases, additional studies may be warranted to fully evaluate the concerns noted. 

The engineering services have been performed using that degree of skill and care ordinarily exercised under similar conditions by reputable professional practice.  

Any verbal statements made before, during, or after the course of the investigation were made as a courtesy only and are not considered a part of this report. 
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CLOSING 
CMF Engineering, Inc. appreciates this opportunity to provide consulting services in this matter.  Please feel free to contact me should any questions arise concerning 
this report, or if I may be of further assistance. 

     

 

Submitted by: 

 
____________________________________________ 

Curt M. Freedman, PE, CEM, CEA, LEED AP 
Vermont PE No. 7295 
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