
 

D. Jordan researched more than 2,000 reported degradation rates for photovoltaic (PV) modules [1]. His extensive literature review showed that the majority 

 of crystalline silicon (Si) PV modules degraded most in short circuit current (Isc). And he concluded that Isc degradation could be explained by optical 

 transmission loss caused by such as discoloration of encapsulant and delamination, which are the most frequent visual defects in the field.  

  However we have not seen a report that directly links the measured optical transmission loss to PV module performance loss. In addition it is well known  

that discoloration of EVA, typical encapsulant of Si PV modules, only slightly affects module performance. Is it true that the optical loss is the major cause  

of Isc degradation? We studied in depth the changes in I-V parameters of Isc degraded PV modules between before and after outdoor exposure. 
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※ Yet-to-be-defined degradation mechanisms probably govern the 

      most frequent degradation mode of crystalline Si PV modules.  

Methods and Results  

Case  2        -△Pmax:11.5%, -△Isc: 9.3%, -△Voc: 1.9%  / 12years 

Case 4   -△Pmax:16.13%, -△Isc:10.15%, -△Imp: 16.57%,  -△Voc: 0.95% , 

                 -△FF :5.7% / 20years 

We studied four reported Isc degradation cases in which I-V parameters of all PV modules were measured before and after outdoor exposure.  
Case 1: 29 mono-Si PV modules at Hamamatsu, Japan for 1990-2000. [2] 

Case 3: 70 poly-Si PV modules at Northern Italy for 1991-2010. [4, 5] 

Case 2: 42  mono-Si PV modules at Southern Spain for 1996-2008. [3] 

Case 4: 192 mono-Si PV modules at N. California near the ocean, cool marine 

              environment, for 1990-2001-2010 (measured 3 times). [6]  

※I-V parameters of all modules were measured by the designated PV 

    module testing laboratory(JQA) before and after outdoor exposure. 

 -△Pmax: maximum power decay,  -△Isc: short circuit current decay, -△Voc: open circuit voltage decay, -△FF: fill factor decay 

 ※  -△Pmax correlates with -△Isc and also with -△Voc. It means that 

       Isc and Voc reduce over time by keeping the shape of I-V curve. Such  

      changes in parameters suggest the cell degradation,  could not be 

      attributed to optical transmission loss. 

Fig. 1 Correlation between -△Pmax 

           and -△Isc, -△Voc, -△FF 

※ Interestingly,  the similar 

      degradation was found 

      recently in PID of n-type 

     Si PV module. [7] 

※All the I-V curves were measured outdoors before and after exposure . 

※Fig. 2 a, b, c, d show the distribution of Pmax, Isc, Voc, FF before and after 

    12 years outdoor exposure, respectively. Results indicate Isc degradation. 

  Fig. 2      (a)                        (b)                         (c)                             (d)  
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※we pay attention to significant Voc decay and to author’s mention of an 

     inherent degradation of the p-n junction as one of the causes of Isc loss.  

     He introduced the work of Isc degradation analysis carried out by Osterwald 

      et al., .[ 8]   
※ Discoloration and 

      delamination were not 

      found in these modules  

Case 3   -△Pmax:3.2%, -△Isc:2.8%, -△Voc: 1.6%  / 20years 

       (estimated from bar graphs of Fig.4, one outlier module neglected) 

※I-V parameters were measured indoor by the same solar simulator 
     ( Spectrolab LAPPS) 

※very little change in I-V parameters. A low average degradation (all 

     modules)  0.22%/ year.  All modules were discolored. 

Fig.3: -△Pmax v. -△Isc 

Fig.4: the average of the 

change of I-V parameters 

of modules by type.  

Fig.5: the change of the I-

V curve of a module from 

1991to 2010. 

※ -△Pmax is linked to -△Isc , shown in the Fig. 3.  

※ 3 different cell type modules (A, B, C) were included. The changes of 

     electrical parameters of A, B, C and total are shown in Fig. 4. 

※ In a word, modules degraded by keeping the shape of the I-V curve, 

     shown in Fig. 5.  This case looks very similar to the case 1. 

          Statistical comparison of module parameters from 1990,2001 and 2010 

Statistic Year Pmax(W) Isc(A) Voc(V) Imp(A) Vmp(V) FF 

Mean 1990 39.86 3.30 18.20 2.88 13.86 0.664 

  2001 38.13 3.15 18.15 2.69 14.16 0.669 

  2010 33.43 2.96 18.03 2.40 13.95 0.626 

              

%Change 1990 v. 2001 -4.35% -4.37% -0.29% -6.31% 2.12% 0.8% 

  2001 v. 2010 -12.32% -6.04% -0.66% -10.94% -1.46% -6.4% 

  1990 v. 2010 -16.13% -10.15% -0.95% -16.57% 0.63% -5.7% 

              

% Change 1990 v. 2001 -0.395% -0.398% -0.027% -0.574% 0.192% 0.07% 

       /Year 2001 v. 2010 -1.369% -0.671% -0.073% -1.216% -0.162% -0.71% 

  1990 v. 2010 -0.807% -0.507% -0.047% -0.828% 0.031% -0.28% 

※Outdoor I-V measurements were conducted 3 times at 1990, 2001 and 2010. 

※Table 1 provides a statistical comparison of I-V parameters.   

Table 1.(from table 1 in [6] partially modified) 

※Degradation rate of 0.4%/y in their first 11 years increased to the rate of 

    1.37%/y in their next 9 years. It’s an intriguing case that deviate from a 

    linear degradation. 
※ -△Voc is quite small in comparison with those of case 1-3, and -△FF 

     is different from  those of case 1-3. Thus the degradation mechanism of 

      this case probably different from that of case 1-3. 

※All modules showed encapsulant discoloration which became severer over 

     time. While changes in Pmax corresponded closely to that of Imp rather 

     than Isc. It is estimated that the shunt degradation is occurring in the 

      modules. 

※ Study of changes in I-V parameters shows that Isc degradation 

     could not be attributed to only optical transmission loss.  

※It is estimated that some degradation mechanisms of PV cells 

    could affect Isc degradation mode. 

※One of them is the degradation mechanism which bring on 

    reduction of Voc as well as Isc of PV cells over time.  

Unexplained Causes of the Most Frequent Degradation mode of 

Crystalline Silicon photovoltaic Modules 


