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Inter-row shading model in SAM 

• How was the model developed 

• How it works in SAM 



3 

Inter-row shading 

Thakkar 2010 Applebaum 1979 

How much power is actually lost from inter-row shading? 
Can you improve kWh/m2 or $/kWh by closer row spacing? 
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Shade model developed for SAM 

• Requirements of SAM shading model 

o Simple, fast (no significant increase in run time) 

o Widely applicable (many different module types) 

o Applies to large and small installations  
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Shade model developed for SAM 

• Requirements of SAM shading model 

o Simple, fast (no significant increase in run time) 

o Widely applicable (many different module types) 

o Applies to large and small installations  

• Limitations of the model 

o Only applies to uniform shading (inter-row 
shading, not obstruction shading) 

o Approximation, not a full simulation 



6 

Overview of inter-row shading model 

Partial Shading 
definition 

Empirical Model 
Model validation 
< 6% error  

*C. Deline et al., “A simplified model of uniform shading in large photovoltaic arrays,” 
Solar Energy (in press) 
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Empirical shading model 

• Takes 4 inputs: 

o Number of shaded modules per string S 

o Number of shaded strings in the system X 

o PV Module Fill Factor FF0 

o Shaded irradiance fraction Ee = Gd +Gr / Gtotal 

• In SAM: 

o Geometry of system defines hourly shading 

o Empirical model determines shading derate 
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Example of empirical model output 
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X = 0.1:  Only a few strings are shaded 
X = 1:  All strings are shaded 
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Verification of model vs. full simulation 

• Maximum model error, different panels types 

o Bigger error for thin-film, low diffuse fraction 

(diffuse irradiance fraction) 
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Experimental verification of model 

System 1 
System 2 
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Comparison with prior models 
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• Good agreement with PVSyst up to 4% loss, more conservative for higher loss 
• Some experiments predict even higher losses from shading 
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Using inter-row shading in SAM 
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Step 1: Enter module details 

Details from SAM database 

User Adjustable 

Select Landscape or Portrait orientation 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Vertical strings:  Not commonly used in practice 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * Strings along Bottom 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * Strings along Bottom 
• Number of Rows = 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * Strings along Bottom 
• Number of Rows = Strings in Parallel / 
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Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * Strings along Bottom 
• Number of Rows = Strings in Parallel / Strings along bottom / 

= 

/ 



22 

Step 2: Enter layout details 

Only 2 layouts are currently allowed: Horizontal and Vertical strings 
• Horizontal strings:  

• # Modules along bottom = Modules / String * Strings along Bottom 
• Number of Rows = Strings in Parallel / Strings along bottom / Modules 

along Side 
 

= 

/ 

/ 
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Setting up a Parametric Simulation 
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Parametric Simulation: select ‘Row spacing’ 
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Define array of Row Spacing values 
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View results of Parametric simulation 
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Questions? 

Download a preprint of the paper  

at sam.nrel.gov/webfm_send/373 

or email me at chris.deline@nrel.gov for a copy. 



The End 

 


