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Program Learning Objectives 
• Introduction

• The Silicon solar cell

• Estimating solar production at a site. 

• What Factors that Influence System Production?

• Orientation

• Tilt

• Shading

• Degradation

• Additional Resources
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DISCLAMER:
This presentation and/or the information 

provided is not meant  and should not serve as 

financial or legal advice and should only be 

used as an educational resource.   Be sure and 

consult with your financial advisor, tax 

accountant, and/or attorney before signing an 

agreement.

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Source: University of Wyoming and Montana State University. (2011, 
October). E3A User's Guide Assessment and Fact Sheets.  E3A-UG.1.  

ALTERNATIVE 
ENERGY 

ALTERNATIVE 
ENERGY 

EFFICIENCY: 
Investment in Longer 
Term Energy Savings 

EFFICIENCY: 
Investment in Longer 
Term Energy Savings 

CONSERVATION: Simple Everyday 
Actions 

CONSERVATION: Simple Everyday 
Actions 
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What factors influence 
the production and 
value of electricity from 
your system?

Silicon 
- 4 valence electrons

Solar Photovoltaic Array

Solar Photovoltaic Module

Solar Photovoltaic Cell

Inside the Silicon Crystal
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Boron
- 3 valence electrons

Phosphorus
- 5 valence electrons

Silicon 
- 4 valence electrons

Boron
- 3 valence electrons

Phosphorus
- 5 valence electrons

Silicon 
- 4 valence electrons

Phosphorus Net Negative Charge 

Boron Net Positive Charge 
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Boron
- 3 valence electrons

Phosphorus
- 5 valence electrons

Silicon 
- 4 valence electrons

Phosphorus Net Negative Charge 
(n-type) 

Boron Net Positive Charge 
(p type) 

Positive 

NegativeP-N Junction 

Positive 

Negative
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Metallic contact 
to transmit 
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Positive 

Negative

e- e-

e-

Positive 

Negative

-

Electrons

Electric current
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Photovoltaic Solar:  

How Does It Work?

Light knocks loose electrons from 

semiconductor material creating free 

positive and negative charges which 

results in an internal electric field that 

pushes charges through the cell, 

creating an electric current

Source: E3A Solar Electricity for Home, Farm & Ranch

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Best Research-Cell Efficiencies 
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77oF 122oF

100% STC 90% STC

663/8”x40”x19/16” 

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Not All Photovoltaic 

Solar Systems Are 

Created Equal!
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System Production - Orientation 

System Orientation -

Departure from true south 

affects production, as 

panels facing east or west 

will generally produce less 

than the same installation 

facing due south. 

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

System Production – Module Tilt 
Roof or ground mount system, tilt of the panels also influences production, 
as flatter angles will increase production in the summer but decrease the 
production in winter.  
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System Production – Shade

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

System Production – Module Layout
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System Production – Temperature

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Panel Degradation (10kW example system) 
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Annual System Production: Baseline vs. Simulation 
Variables

Scenario 1 (Aggressive) Scenario 2 (Conservative)

• Panel Degradation  - Warranties typically guarantee production declines will 
be less than 0.5% a year.  
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System Orientation and 

Tilt Influence Production
Some system owners prefer rooftop 

systems located on the top of existing 

agricultural buildings.  However, you should 

consider the difference in system production 

before making a decision.  For example, a 

10 kW system on a barn oriented to the east 

(90) with a 4:12 pitch roof would produce 

an 18 panel tilt.  This rooftop system would 

produce roughly 13% less that a ground 

mount system facing south (180) with 

panels tilted at 40. 

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Production data from NREL PV Watts Model http://pvwatts.nrel.gov
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Simple Solar Production Estimate 

• Standard Test Conditions Capacity of System

• Peak Sunlight Hours 

• Estimate of solar energy for a site http://rredc.nrel.gov/solar/pubs/redbook/

• 365 Days per year

• Derate factor for real life conditions vs STC 0.70-0.80

• 𝟏𝟎𝒌𝑾 × 𝟓. 𝟎 × 𝟑𝟔𝟓 × 𝟎. 𝟕𝟎 = 𝟏𝟐, 𝟕𝟕𝟓 𝒌𝑾𝒉/𝒚𝒆𝒂𝒓

SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 
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SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 
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SOLAR ELECTRIC INVESTMENT ANALYSIS SERIES 

Additional Resources
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Thank You!
F. John Hay

University of Nebraska–Lincoln

Extension Educator – Energy

402-472-0408 | jhay2@unl.edu

Eric Romich

Ohio State University

Extension Educator – Energy

419-294-4931 | romich.2@osu.edu


