
NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 

Estimating PV Losses due to 
Snow Coverage in SAM 

2015 SAM Virtual Conference 

Severin Ryberg 

July 9th, 2015 



2 

Snow Coverage on PV Arrays 

• Snow coverage on PV systems can have an extreme effect on the system’s energy production 

• Losses are highly dependent on geographic location and system design 

• Large margin of error in annual snow fall predictions 

• Physical dynamics of snow coverage on PV panels are non-linear 

Overview 

System Advisor Model 

*Becker, Gerd, et al. "An approach to the impact of snow on the yield of grid connected PV systems." Bavarian Association for the Promotion of Solar Energy, Munich (2006). 
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A new Compute Module in SAM 

• Implemented a PV snow coverage loss model (snow model) 
developed by Bill Marion 
o Marion, Bill, et al. "Measured and modeled photovoltaic system energy losses from 

snow for Colorado and Wisconsin locations." Solar Energy 97 (2013): 112-121. 

• Calculates snow coverage on a panel based on time since 
last snow fall, ambient temperature, and plane of array 
irradiance (poa) 

• Treats sliding as the dominant snow removal process 
o Direct relationship between system tilt and snow sliding speed 

• Easy to invoke in SAM 

• Good agreement with measured data in initial validation 
study 

• Allows for illuminating investigations into potential PV loss 
trends due to snow coverage across the continental United 
States 

System Advisor Model 
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PV Array Diagram 

• Snow coverage percentage is measured along the height of a PV array 
• Snow is expected slide down the array and collect near the bottom 

o Behavior is slightly different for roof-mounted vs ground-mounted arrays 

• If a string is even partially covered, its assumed output is zero 
 

System Advisor Model 
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Snow Model Usage 
System Advisor Model 
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Snow Model Flow Chart 
System Advisor Model 
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Snow Model Validation: Forrestal 
System Advisor Model 

• Snow model limits estimated energy production when snow fall is 
detected 

• Observed to both over-predict and under-predict snow losses for 
monthly, or shorter, time intervals 

• Significantly improves annual energy estimations 
o Validated against three datasets: Forrestal, RSF2, MesaTop 
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National Study 

• Interested in predicting PV snow loss trends 
across the continental US 

• Considered a basic fixed-tilt system 
o SAM defaults in 2015.1.30 

o Tilt equals latitude 

• Used the NSRDB’s 1961 - 1990 dataset 
o 239 locations across the US 

o Comprised the TMY2 dataset 

o Contains hourly weather data, including daily 
snow depth values 

System Advisor Model 
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National Study: Average Loss Map 

Average percent loss in annual energy production for the years between 1961 and 
1990 for each location in the NSRDB TMY2 dataset. Losses are calculated by 
comparing simulations with the snow model activated against simulations without the 
snow model activated. 
 
*Only intended for fixed-tilt, tilt-equals-latitude PV systems 

System Advisor Model 
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National Study: Typical Losses 
System Advisor Model 

Scatter plot depicting the summation of the hourly snow depth array vs the  
percent loss (calculated in the same manner as the previous map). If snow depth data 
is available for a particular location not included in the TMY2 set, this plot could be 
used as a starting point for estimating the range of PV losses due to snow. 
 
*Again, only meant to be valid for fixed-tilt, tilt-equals-latitude PV systems  
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More Information 

• A detailed report on the implemented snow 
model and investigations included in this 
presentation will be available soon 

o “Integration, Validation, and Application of a PV 
Snow Coverage Model in SAM” 

• Feel free to reach out if you would like more 
information 

o David.Ryberg@NREL.gov 

o Janine.Freeman@NREL.gov 

System Advisor Model 



Thank you! Questions? 


