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Outline 

Å User stories for PV monitoring 

Å Monitoring data 

Å Systematic approach for interpretation 

=> Periodic linear regression 

Å Examples 

Å Conclusions 
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PV Monitoring ï Why? 

I like to see how 

much power my 

installation produces. 

 

If anything goes 

wrong, I want to be 

alerted by SMS 

within 5 minutes. 

 

I want to compare the 

performances of my 

plants to see which 

equipment works best. 

 

For our investors, I 

want to compare the 

performance of their 

portfolio to the initial 

business plan. 
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PV Monitoring ï How? 

Å Meter reading 

and insolation 

maps 

Å Inverter-based 

tools & 

spreadsheets 

Å Third party 

services 
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Monitoring Data: What to Measure? 

PR 

IC 
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IS 
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System yield 

Tamb , T mod , SW 
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Definitions: Yields & Losses 

Yields 

Reference yield Yr = in-plane 

irradiation / 1 kW/m2 

Array yield YA = DC energy / PV 

peak power 

Final yield Yf = AC energy / PV 

peak power 

 

Losses 

Capture losses LC = Yr -YA 

System losses LS = YA -Yf 

 

 

 

 

 

Performance Ratio PR 

PRA = YA / Yr 

PR = Yf / Yr 

Capitals: energy [h];  small letters: power [p.u.] 
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Courtesy of Christian Reise, Fraunhofer ISE 

Data Plots ï A Visual Tool 
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Systematic Approach 

Å Use data for identifying the system and 

component parameters 

Å Identify simplified physical relationships 

Å Derive linear model parameters from regression 

Å Update periodically and compare the results 

Å Deviations indicate irregular operation 
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Energy Flow in a PV System 
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Physical Relationships of Quantities 

Temp. ς Secondary Effects 

Influence of wind speed 
on module heat transfer 
kth vs SW 

System performance  
yf vs yr 

Influence of module 
temperature PR vs TMod 

System Level Performance 

Array performance  
yA vs yr 

Influence of module 
temperature PRA vs TMod 

Array Level Performance 

Module temp.  
TMod ς TAmb vs yr 

Module Temperature 

Resilience of grid voltage 
on active power vAC vs yf  

Grid Connection 

Array voltage VA vs TMod 

Array Level ς Specific Effects 
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Final vs. Reference Yield 

No shadow, June Growing vegetation, May 

8 weeks in summer 2012  

Installation in Belgium, monitored by 3E 
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Irradiance, PR and Module Temp. 
March 2012: smooth operation 

Final vs reference yield Temperature influence 

Installation in Sweden, monitored by ABB 
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Irradiance, PR and Module Temp. 

Installation in Sweden, monitored by ABB 

Final vs reference yield Temperature influence 

May 2012: inverter failure (1 out of 3) 
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Physical Relationships of Quantities 

Module temp.  
TMod ς TAmb vs yr 

Module Temperature 

Temp. ς Secondary Effects 

Influence of wind speed 
on module heat transfer 
kth vs SW 

System performance  
yf vs yr 

Influence of module 
temperature PR vs TMod 

System Level Performance 

Array performance  
yA vs yr 

Influence of module 
temperature PRA vs TMod 

Array Level Performance 

Resilience of grid voltage 
on active power VAC vs yf  

Grid Connection 

Array voltage VA vs TMod 

Array Level ς Specific Effects 
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Thermal Behavior 

Normal operation, August Sensor detached, July 

8 weeks in summer 2012: detached temperature sensor 

Installation in Norway, monitored by Teknova 


