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Results
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▪ Research on PV fault detection is separated from reliability

assessments in literature, but they should be dealt with in parallel .

▪ Reversible faults such as partial shading can significantly bias a PV

system’s performance loss rate (PLR).

▪ This work aims to decouple reversible losses from PV output data,

leading to the definition of the intrinsic PLR.
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▪ Fleet analysis of string-level building-integrated PV (BIPV) systems:

• Step 1 – Fault detection & diagnosis algorithm (FDDA) to identify

yield losses and shading patterns.

• Step 2 – Compute intrinsic PLR with fault type filtering

(eliminating shading faults) or standard PLR.

▪ Four patterns of shading losses and PLRs are identified (Fig. 1):
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3.1 | Loss patterns & PLR bias 3.2 | Detailed case study – shaded BIPV system  

The addition of FDD analysis within PLR pipelines offers a solution

to avoid the influence of reversible effects, enabling the

determination of what we call the intrinsic PLR.

A BIPV fleet analysis revealed four typical patterns of PLR bias

due to reversible loss effects: overestimation of PLR,

underestimation of PLR, shift in PR or stable PLR.

Next steps should include on-site analysis of systems affected by

recurring losses in order to correlate them to permanent,

irreversible faults.
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Fig. 2: (c) Daily PR trend for intrinsic and

standard PLR. (d) Yearly relative yield

losses with fault type classification.

                
   

   

   

   

   

   

 

   

   

 
 
  
 
  

 
 
  
  
 
  
 

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

Intrinsic PLR = -0.4 %/year 

Standard PLR = -1.8 %/year 

            
 

 

 

 

 

  

  

  

  

 
 
  
  
  
  
  
  
  
 
  
  
 
 

                    
   

   

   

   

   

   

 

   

   

 
 
  
 
  

 
 
  
  
 
  
 

Increasing shading1

                
   

   

   

   

   

   

 

   

   

 
 
  
 
  

 
 
  
  
 
  
 

Decreasing shading2

                    
   

   

   

   

   

   

 

   

   

 
 
  
 
  

 
 
  
  
 
  
 

Constant shading3

                        
   

   

   

   

   

   

 

   

   

 
 
  
 
  

 
 
  
  
 
  
 

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

Intrinsic PLR = -0.06 %/year 

Standard PLR = -0.06 %/year 

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

Intrinsic PLR = -0.30 %/year 

Standard PLR = -0.20 %/year 

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

Intrinsic PLR = -0.02 %/year 

Standard PLR = -0.20 %/year 

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

                
   

   

   

   

   

 

   
        

       

 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

Intrinsic PLR = -0.02 %/year 

Standard PLR = -0.02 %/year 
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Fig. 1: Comparison of daily PR trends for the intrinsic and standard PLRs for the four identified

shading loss scenarios (different BIPV systems), with corresponding yearly yield loss evolution.

Fig. 2: (a) Yearly fault detection heat map of the studied

BIPV string, showing the evolution of fault occurrences

through time. (b) Drone photograph with highlighted

string and shading elements .
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Increase of tree shading over

time, causing increased bypass

diode activation during shading

events.

Recurring shading losses due

to rooftop chimney and nearby

tree.

Anomaly in 2017 – decreased
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indicating the tree was trimmed.
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▪ Filtering the reversible faults and applying the long-term analysis

pipeline, the intrinsic PLR is 80% higher compared to the standard

method (Fig. 2 (c)).

▪ Shading losses increase by a factor 3 between 2017 and 2021,

leading to a drift in the daily PR (Fig. 2 (d)).

▪ On-site analysis of the string revealed one broken bypass diode:

recurring shading can cause permanent, irreversible faults.
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