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Verification methods are evolving in response to
increasing emphasis on energy production (rather
than up-front incentives). 
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aSi:    0.50 – 0.70
xSi:     0.75 – 0.85
GaAs: 0.85 – 0.9

Fill Factor =
Imp x Vmp (watts)

Isc x Voc (watts)
= 
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This ‘building block’ graphic is useful in troubleshooting arrays
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Any reduction of the knee of the curve 
means reduced output power.
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Shunt 
losses*

Series 
losses**

Mismatch losses 
(incl. shading)

=���!����������

Reduced
current

Reduced
voltage

Conventions measurements miss many of these effects
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Courtesy of Chevron Energy Solutions © 2011 



Courtesy of Advanced Alternative Energy Systems

4/!����,�!��������������



Courtesy of:
Integrated Energy Systems
Pittsburg Unified School District
Sage Renewables
Stellar Energy Solutions
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String measurement showing I-V and P-V curves, 
and comparison of I-V curve with model (5 dots).
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Showing the Verify tab screen. 

Performance Factor (%)  = 
Measured Pmax

Predicted Pmax
x100
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CPU & 
wireless 
module
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• Capacitive load method

• Electrically isolated, no ground lead required 

• Protected for over-voltage, -current, -temperature, & reverse polarity

PV 
Source

NEMA 4X FG Enclosure



��$�-��������"��!�����

) ,!/�2�����������!(��� -���

) ,!/�2������������������ 	�$F

) ,!/�����2��������� 
	�G8�.����!��!�����0

) ,�����������#�#����� 	��

) ,�����������#�#����� 
$

) ������!��������������� H��	I�����%���!

) �����������������!���� 
���.�%���!0

) ����!(���!�!���%�� 
����J�.���������(���$��80

) �!"��%� �4��-
�
�

*Strings of high-efficiency modules should be 
measured singly, not in parallel

,�!�����(��!��(��%��$'������-���



Static Load I-V 
Measurement Setup
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These 3 methods are available in the Solar Advisor Model (SAM) from NREL and are 
embedded in the Solmetric PV Analyzer.
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• Cloudless sky

• 4 hours centered on solar noon

• No wind



Problem Conditions, Example 1
Small, discrete clouds



Problem Conditions, Example 2
Easy-to-overlook cirrus clouds



Problem Conditions, Example 3Problem Conditions, Example 3
Cloud effectCloud effect
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15 seconds typically
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Courtesy of Portland Habilitation Center 
and Dynalectric Oregon
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Overlay plots of I-V curves
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Distributions
• Pmax
• Fill factor
• Imp/Isc
• Vmp/Voc
• Isc, Voc, etc

Table of key performance 
parametersArray

Tree
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Demonstration: Single PV module with external resistor
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Array-as-sensor mode for viewing relative changes in curve shape
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Purposes:

Prevent damage and preserve performance under 

mismatch conditions, including non-uniform shading
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Approximately 40% reduction in string’s output powe r



Effects of Particular 

Shading & Soiling Patterns
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Cleaning the top 90% of 
module area recovered 
50% of the performance.

Cleaning the bottom 10% 
recovered the rest. 

Dirty

Clean
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•Curve tracing is fast and automated

•Most complete performance description possible

•Independent measurement of each string’s max power

•Instant comparison to predictions of built-in PV models 

•Helps users “Think like a PV array”

I

V
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