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SAM Webinar Schedule for 2014 

• New Features in SAM 2013 and 
Beyond 
o October 9, 2013: Paul Gilman 

• SAM PV Model Validation using 
Measured Performance Data 
o December 11, 2013: Janine Freeman 

• Solar Resource Data 101 
o February 12, 2014: Janine Freeman 

• Analysis of Electricity Rate Structures 
for Residential and Commercial 
Projects 
o April 16, 2014: Sean Ong 

• Modeling Parabolic Trough Systems 
o June 18, 2014: Michael Wagner 

• All sessions last one hour and begin 
at 1 p.m. Mountain Time 

• You must register to participate 
• Registration is free, but space is 

limited 
• More details and registration 

information on Learning page of SAM 
website 

Schedule Details 

System Advisor Model 

https://sam.nrel.gov/content/resources-learning-sam 
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Webinar Outline 

• Basics of the Solar Resource 
• Measured and Modeled Resource Data 
• Long-Term Historical Data 
• Solar Resource Data Types in SAM 
• How to Choose a Resource File? 

 

System Advisor Model 



Basics of the Solar Resource 
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Geometry of Solar Radiation 

Zenith & Azimuth Angles 
 

System Advisor Model 

Image from http://capsis.cirad.fr/capsis/help_en/samsaralight 
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What Is Irradiance? 

• Irradiance- the power incident on a surface 
(Units: W/m2) 

• Extraterrestrial irradiance ~1366 W/m2 
• Irradiance seen at earth’s surface affected by 

atmosphere, cloud cover, particulates, etc. 

System Advisor Model 
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Irradiance Components 
System Advisor Model 

• DNI: Direct Normal 
Irradiance (also: Beam 
or Direct) 

• DHI: Diffuse Horizontal 
Irradiance (Diffuse) 

• GHI: Global Horizontal 
Irradiance (Global or 
Total) 

• GHI = DNI*Cos(Z) + DHI 



Measured and Modeled 
Resource Data 
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Measured vs. Modeled 

Advantages 
• Site-specific 
• Lower uncertainty* 
• High temporal resolution 
Disadvantages 
• Usually not long-term 
• Not widely available 
• Instruments require 

maintenance 
 

Advantages 
• Long-term datasets 
• Available for most locations 
• Satellite instrument 

calibrated daily 
Disadvantages 
• Low spatial resolution 
• Higher uncertainty* 

Measured Data Modeled Data 

System Advisor Model 

*If the measurement instruments are properly calibrated and maintained 

The most accurate data is a combination of the advantages of each type of data 
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How To Measure Irradiance? 

• Measures GHI 
• Can measure DHI if shaded 
• Typical uncertainty ±3-5% 

(thermopile pyranometer) 
 

• Measures DNI 
• Must be mounted on a 

tracker 
• Typical uncertainty ±2% 

Pyranometer Pyrheliometer 
System Advisor Model 
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Modeling Solar Radiation 

Total Solar Irradiance (TSI):  1366 ± 7 W/m2  
Step 1.  Top of Atmosphere 

Gases, water vapor, aerosols  
Absorbing & Scattering:  

Step 2.  Through a Clear-Sky Atmosphere 

Step 3.   Effects of Clouds 
• Empirical Relationships – Cloud Index 
• Physical Properties – Radiative Transfer  

Sun-earth distance: ~3% less TSI in summer  

System Advisor Model 
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Modeled vs. Measured Resource Data Uncertainty 

Total Solar Irradiance 
1,366 ± 7 W/m2  Measurements Models 

Meteorological Satellite 

Station Operations & Maintenance 

Calibration 

Radiometer Design 
Performance GHI, DNI, DHI 

Model Validation 

Hourly Broadband Solar Resource Data 
Uncertainty 

Convert GHI-DNI-DHI to POA 

GHI ± 5% 
DNI ± 3% 

GHI ± 10% 
DNI ± 15% 

POA ± 20% POA ± 10% 

System Advisor Model 
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Choosing Irradiance Components 
System Advisor Model 
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Plane of Array Irradiance 

• Depends on: 
o Sun position 
o Array orientation and tracking  

or fixed 
o Ground surface reflectivity  

(albedo) 
• Can be measured with a pyranometer, BUT: 
• All module models in SAM require this 

computed separately for direct and diffuse 
• Isotropic, Perez, or HDKR models 

System Advisor Model 



Long-Term Historical Data 
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Interannual Variability 

Natural Variations in the Weather:   
                         How much data do I need1? 
 

1Robert Pitz Paal, DLR:  7-10 years for ±5% GHI for a system in Potsdam, Germany 

System Advisor Model 

 
Bankers likely will assume the worst if 
you only have one year of data 
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Leveraging Historical Data 

1. Statistically average the available historical 
data 

2. Run a simulation for each year of historical 
data and look at the distribution 

System Advisor Model 



18 

Typical Meteorological Year (TMY) 
Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec 2005 

Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec 2004 

Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec 2003 

Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec 1991 

Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec TMY3 

Hourly values for a full year created from a data 
bank which is significantly longer than a year. 
“Typical” months, which are representative of the 
average weather in that month (excluding major 
events, such as natural disasters and 
uncharacteristically unusually behavior, e.g. 
abnormally high winds), are selected and then 
aggregated according to weighted criteria ----------> 

97 | 06 | 94 | 01 | 05 | 99 | 91 | 05 | 93 | 93 | 95 | 00   TMM Year  
Index  NSRDB 

TMY  

Max Dry Bulb Temp  1/20  

Min Dry Bulb Temp  1/20  

Mean Dry Bulb Temp  2/20  

Max Dew Point Temp  1/20  

Min Dew Point Temp  1/20  

Mean Dew Point Temp  2/20  

Max Wind Velocity  1/20  

Mean Wind Velocity  1/20  

Global Radiation  5/20  

Direct Radiation  5/20  

*Hall, et al. (1978)  Generation of Typical Meteorological Years for 26 SOLMET Stations, SAND78-1601   

System Advisor Model 

• TMY- weighting criteria below 
• TGY- typical months selected ONLY on 

global 
• TDY- typical months selected ONLY on 

direct/beam irradiance 
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P50/P90 Analysis 
• P50 value – 50% chance a result will be 

greater than the P50 value, 50% chance a 
result will be less than P50 value. 

• P90 value – 90% chance a result will be 
greater than the P90 value. 
 

System Advisor Model 
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P50/P90 Analysis in SAM 
System Advisor Model 



Solar Resource Data in SAM 
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Use Your Own Data: “Create a TMY3” 
System Advisor Model 
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TMY2 and TMY3 

TMY2 

TMY3 

System Advisor Model 

• 239 Measured and 
Modeled Locations 

• 1961-1990 

• 1,020 Measured and 
Modeled Locations 

• 1991-2005 
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TMY Variability 
System Advisor Model 

Image from “Solar Input Data for Photovoltaic Performance Modeling”, Schnitzer et al, 2011 
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Solar Prospector Satellite Data 

Download a specific year (1998-2009), or TMY, TDY, or TGY made 
from that 12 year dataset, NOT the same dataset as a 

TMY2/TMY3! 

System Advisor Model 
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EPW 

• Often best resource data available if location 
is outside the US and you do not have a 
weather file. 

• Originally collected by EnergyPlus from a 
variety of international weather sources, a 
building energy systems modeling tool 
created by the DOE, and put in a consisten 
format. 
 

System Advisor Model 
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Selecting Resource Data in SAM 
System Advisor Model 

TMY2: Select one of the 
weather files included with SAM  

Solar Prospector: Download a 
new weather file for a US-based 
location 

Create TMY3 file from other 
data (use your own data) 
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Selecting Resource Data in SAM 
System Advisor Model 

TMY3: Download from NSRDB 

EPW 
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Other International Resource Data 

• India: 7 years of data for 9 locations 
o 2002-2008 
o Formatted like a TMY3 

• Australia: AUSTELA Solar Data Files 
o Developed for the Australian Solar Thermal Energy 

Association 
o Formatted as an EPW file 

 

SEE SAM HELP FOR MORE INFORMATION 

System Advisor Model 



How to Choose a Resource File 
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How To Choose a Resource File? 

• Energy Prediction/Feasibility Study: Run as 
many files as you have! 
o Closest 2-3 TMY3s 
o Closest 2-3 TMY2s 
o Parametric on multiple years of historical weather 

data from the Solar Prospector 
o Solar Prospector TMY, TDY, or TGY 
o Measured data for your project 
o Any nearby measured data you can find 

• Design Comparisons: Pick one and be consistent 
• Historical Comparisons (System Verifications): 

Use the appropriate year of historical data 

System Advisor Model 
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Further Reading 

• CSP Best Practices 
Handbook  

• TMY2/TMY3 Users 
Manuals 

• EPW 
Documentation 
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SAM Website   
Resources   
Performance Models   
Weather Data 

System Advisor Model 



Questions? 
Download the full report: 
http://www.nrel.gov/docs/fy14osti/60204.pdf 

http://www.nrel.gov/docs/fy14osti/60204.pdf

