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Monitoring 

PV performance



What can we see by monitoring 

electrical performance at the 

inverter?

• Performance ratios

• Actual power produced

• Inverter operating current and voltage



What do we not see by monitoring 

at the inverter?

• Power losses hidden by clipping

• Potential power if not curtailed

• Soiling

• Module degradation

• Voltage loss

• Strings offline



Inverter

String Modules

Unlock information by measuring within the inverter block
More granular measurements



What is 

in-situ 

module IV?



IV unit installed on module within string
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Example 

data



Module’s available power,  voltage, & current…vs. actual output to string

Real-Time I-VA B



A Module available power exceeds inverter clipping limit
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B Power dips while cloud passes overhead

Real-Time I-V
Pmax

Pout



Degradation

losses



Detect module power loss that could be hidden by clipping

Pmax

Pout

Months/Years

Earlier detection. No field or lab flash testing.



Observe module degradation modes by IV curve data
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Cracks & 

interconnect 

damage

PID

Luo et al, “Potential-induced degradation 
in photovoltaic modules: a critical 
review,” Energy Environ. Sci., 2017 



Soiling 

losses



Soiled 
(1.3% of Active Area)

How much power is this module losing because of soiling?
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Soiled (3.3% Area)
10% power loss

Clean

Soiled (1.3% Area)
10% power loss

14%

Non-uniform soiling causes disproportionate power loss





Bifacial 

irradiance



Source: Gostein, Ayala Pelaez, Deline, Habte, Hansen, Marion, Newmiller, Sengupta, Stein, Suez, “Measuring Irradiance for 

Bifacial PV Systems,” PVSC 2021 
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Rear-side irradiance is 

highly non-uniform

Summer, morning

Winter, noon



Met Tower

Reference Modules

Reference modules could simplify measuring total effective irradiance



I

V

Irradiance
Isc

Calibrated module Isc yields total front plus rear irradiance…

Automatically accounts for albedo, spectrum, bifaciality, non-uniformity



Real-time

plant 

prediction



Future PV plants must support real-time 10-second forecasts of 

potential output while curtailed – to follow grid demand



What is the power 
availability 10 seconds 
from now?

Cloud shadows



IV reference modules throughout plant

can predict potential power output



Thanks
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