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List of Symbols and Abbreviations 

 
EL Electroluminescence 

IEC International Electrotechnical Commission 

N/A Not Applicable 

Pmax Maximum Power  

PV Photovoltaic (Solar) 

STC Standard Test Conditions, AM1.5, 25oC, 1000W/m2 

%RH % Relative Humidity 

IRR Irradiance (W/m2) 

LTC Low Temperature Conditions, AM1.5, 15oC, 500W/m2 

LIC Low Irradiance Conditions, AM1.5, 25oC, 200W/m2 

HTC High Temperature Conditions, AM1.5, 75oC, 1000W/m2 
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1 Test Flow    

 

Standard Section Station A B C D 

IEC 61215   Electroluminescence ✓ ✓ ✓ ✓ 

IEC 61215 10.1 Visual Inspection ✓ ✓ ✓ ✓ 

IEC 61215 10.2 Maximum Power Determination ✓ ✓ ✓ ✓ 

IEC 61853   LID 45kWhr - Light Induced Degradation  
✓ ✓ ✓ 

IEC 61215 10.2 Maximum Power Determination ✓ ✓ ✓ ✓ 

IEC 61853   LID 5kWhr - Light Induced Degradation  
✓ ✓ ✓ 

IEC 61215 10.2 Maximum Power Determination ✓ ✓ ✓ ✓ 

IEC 61215 10.4  Measurement of Temperature Coefficients  
✓   

IEC 61853   15C Maximum Power Determination @ 0100 W/m2  
✓ ✓ ✓ 

IEC 61853   15C Maximum Power Determination @ 0200 W/m2  
✓ ✓ ✓ 

IEC 61853   15C Maximum Power Determination @ 0400 W/m2  
✓ ✓ ✓ 

IEC 61853 7.6 15C Maximum Power Determination @ 0500 W/m2 (LTC)  
✓ ✓ ✓ 

IEC 61853   15C Maximum Power Determination @ 0600 W/m2  
✓ ✓ ✓ 

IEC 61853   15C Maximum Power Determination @ 0800 W/m2  
✓ ✓ ✓ 

IEC 61853   15C Maximum Power Determination @ 1000 W/m2  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 0100 W/m2  
✓ ✓ ✓ 

IEC 61853 7.4 25C Maximum Power Determination @ 0200 W/m2 (LIC)  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 0400 W/m2  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 0600 W/m2  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 0800 W/m2  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 1000 W/m2  
✓ ✓ ✓ 

IEC 61853   25C Maximum Power Determination @ 1100 W/m2  
✓ ✓ ✓ 

IEC 61853   50C Maximum Power Determination @ 0600 W/m2  
✓ ✓ ✓ 

IEC 61853   50C Maximum Power Determination @ 0800 W/m2  
✓ ✓ ✓ 

IEC 61853   50C Maximum Power Determination @ 1000 W/m2  
✓ ✓ ✓ 

IEC 61853   50C Maximum Power Determination @ 1100 W/m2  
✓ ✓ ✓ 

IEC 61853   75C Maximum Power Determination @ 0600 W/m2  
✓ ✓ ✓ 

IEC 61853   75C Maximum Power Determination @ 0800 W/m2  
✓ ✓ ✓ 

IEC 61853   75C Maximum Power Determination @ 1100 W/m2  
✓ ✓ ✓ 

IEC 61853   AOI Measurement   
✓  

IEC 61853   IAM Computation   
✓  

IEC 61853   PAN File Creation  
✓   

 

   ✓: Test sequence completed 
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2 Sample Allocation 

 

RETC ID Module ID Module Number Test 

TVK-010-A BP2604EM1WB6CN1170200124 SS-BM270NE Control 

TVK-010-B BP2604EM1WB6CN1170200122 SS-BM270NE Multi-Irr, Temp, Tempco 

TVK-010-C BP2604EM1WB6CN1170200121 SS-BM270NE Multi-Irr, Temp, AOI 

TVK-010-D BP2604EM1WB6CN1170200123 SS-BM270NE Multi-Irr, Temp 
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3 Test Results 

 

3.1 Visual Inspection 
Note: Representative Photos 

INITIAL [T0]: No major visual defects observed as per IEC 61215 
 

MODULE LABEL 
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Visual Inspection – continued 

 

FRONT 

 
BACK 
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3.1.1 Visual Inspection – continued 

 

JUNCTION BOX CONNECTORS 

 
 

 
 

 CABLE 

 

 

 

 FRAME / GROUNDING HOLE 
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3.2 Electroluminescence 
 

TVK-010-A – Initial 

 
Broken Finger: No major issues observed Cell Darkening: No major issues observed 
Cracks/Microcracks: No major issues observed Failing Solder Joints: No major issues observed 

 

TVK-010-B – Initial 

 
Broken Finger: No major issues observed Cell Darkening: No major issues observed 
Cracks/Microcracks: No major issues observed Failing Solder Joints: No major issues observed 
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TVK-010-C – Initial 

 
Broken Finger: No major issues observed Cell Darkening: No major issues observed 
Cracks/Microcracks: No major issues observed Failing Solder Joints: No major issues observed 

 

TVK-010-D – Initial 

 
Broken Finger: No major issues observed Cell Darkening: No major issues observed 
Cracks/Microcracks: No major issues observed Failing Solder Joints: No major issues observed 
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3.3 Measurement of Temperature Coefficients 

 

Radiant source   Solar simulator,    Natural sunlight 

Irradiance at which the measurements were made (W/m2) 1000 

Range of module temperature (high/low) (°C) ... : 50.04 / 15.01 

Parameter Sample # Calculated Value 

Current: α (%/°C) 

TVK-010-B 

0.040 

Voltage: Β (%/°C) -0.316 

Peak power: δ (%/C) -0.424 
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3.4 Maximum Power Determination (STC condition) 

Note: Data values are normalized to control (TVK-010-A) 
 

SN 
Sequence 

(Post) 
Voc 
(V) 

Vmp 
(V) 

Isc 
(A) 

Imp 
(A) 

Pmax 
(W) 

FF 
(%) 

TVK-010-A Initial 38.454 31.566 9.409 8.977 283.359 78.320 

TVK-010-B 

Initial 38.346 31.499 9.411 8.942 281.657 78.050 

LID1 38.204 31.227 9.388 8.940 279.145 77.839 

LID2 38.241 31.244 9.378 8.948 279.549 77.958 

TVK-010-C 

Initial 38.416 31.530 9.406 8.953 282.276 78.120 

LID1 38.289 31.216 9.373 8.954 279.477 77.879 

LID2 38.343 31.272 9.360 8.949 279.837 77.978 

TVK-010-D 

Initial 38.384 31.516 9.364 8.948 281.995 78.460 

LID1 38.240 31.367 9.330 8.912 279.504 78.350 

LID2 38.246 31.246 9.322 8.951 279.686 78.451 
 

3.5 Maximum Power Degradation (% Degradation relative to Initial Measurements) 

 

SN 
Sequence 

(Post) 

Voc 

(V) 

Vmp 

(V) 

Isc 

(A) 

Imp 

(A) 

Pmax 

(W) 

FF 

(%) 

TVK-010-B 
LID1 -0.37% -0.86% -0.24% -0.02% -0.89% -0.27% 

LID2 -0.27% -0.81% -0.35% 0.07% -0.75% -0.12% 

Difference between LID1 and LID2 0.10% 0.05% -0.11% 0.09% 0.14% 0.15% 

TVK-010-C 
LID1 -0.33% -1.00% -0.35% 0.01% -0.99% -0.31% 

LID2 -0.19% -0.82% -0.49% -0.04% -0.86% -0.18% 

Difference between LID1 and LID2 0.14% 0.18% -0.14% -0.06% 0.13% 0.13% 

TVK-010-D 
LID1 -0.38% -0.47% -0.36% -0.40% -0.88% -0.14% 

LID2 -0.36% -0.86% -0.45% 0.03% -0.82% -0.01% 

Difference between LID1 and LID2 0.02% -0.38% -0.09% 0.44% 0.06% 0.13% 
 

 
Note: average %degradation after LID2: -0.81%  
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3.6 Performance at Multi-Irradiance, 25oC 

 

SN 
IRR 

(W/m2) 

Voc 

(V) 

Vmp 

(V) 

Isc 

(A) 

Imp 

(A) 

Pmax 

(W) 

FF 

(%) 

Eff 

(%) 

TVK-010-B 

100 34.208 29.067 0.934 0.886 25.743 80.610 15.770 

200 35.375 30.068 1.879 1.780 53.523 80.530 16.390 

400 36.558 30.804 3.736 3.558 109.608 80.240 16.780 

600 37.256 31.034 5.597 5.339 165.699 79.470 16.910 

800 37.736 31.235 7.470 7.083 221.227 78.480 16.940 

1000 38.128 31.220 9.362 8.864 276.736 77.530 16.950 

1100 38.287 31.183 10.341 9.744 303.855 76.740 16.920 

TVK-010-C 

100 34.314 29.337 0.931 0.879 25.797 80.790 15.800 

200 35.474 30.122 1.863 1.778 53.542 81.030 16.400 

400 36.652 30.938 3.722 3.544 109.650 80.370 16.790 

600 37.348 31.166 5.571 5.316 165.662 79.630 16.910 

800 37.837 31.234 7.419 7.078 221.087 78.760 16.930 

1000 38.206 31.197 9.294 8.855 276.254 77.800 16.920 

1100 38.378 31.147 10.235 9.741 303.400 77.240 16.890 

TVK-010-D 

100 34.223 29.187 0.926 0.880 25.672 80.990 15.720 

200 35.398 30.220 1.861 1.766 53.360 80.980 16.340 

400 36.561 30.790 3.710 3.547 109.207 80.510 16.720 

600 37.250 31.161 5.534 5.297 165.073 80.070 16.850 

800 37.742 31.216 7.397 7.067 220.614 79.020 16.890 

1000 38.037 31.131 9.266 8.847 275.416 78.150 16.870 

1100 38.302 31.155 10.195 9.736 303.329 77.680 16.890 

 

 

15.00

15.20

15.40

15.60

15.80

16.00

16.20

16.40

16.60

16.80

17.00

17.20

100 200 400 600 800 1000 1100

Ef
fi

ci
en

cy
 (

%
)

Irradiance (W/m2)

Performance at Multi-Irradiance, 25oC

TVK-010-B TVK-010-C TVK-010-D Average

http://www.retc-ca.com/


 

Renewable Energy Test Center  
Project: PAN File Creation for SS-BM270NE 

 

46457 Landing Pkwy, Fremont, CA 94538  

Project No. C-CA-1702-TVK-010  Client TÜV SÜD Korea 

 

4/21/2017 RETC, LLC – www.retc-ca.com – 510-226-1635 16/34 

 

 

3.7 Performance at Multi-Irradiance, 15oC 

 

SN IRR 
Voc 
(V) 

Vmp 
(V) 

Isc 
(A) 

Imp 
(A) 

Pmax 
(W) 

FF 
(%) 

Eff 
(%) 

TVK-010-B 

100 35.502 30.583 0.930 0.881 26.938 81.560 16.500 

200 36.617 31.368 1.865 1.781 55.871 81.820 17.110 

400 37.761 32.058 3.726 3.566 114.324 81.250 17.500 

600 38.448 32.322 5.565 5.330 172.285 80.520 17.590 

800 38.931 32.429 7.464 7.103 230.348 79.280 17.630 

1000 39.297 32.412 9.319 8.878 287.767 78.580 17.620 

1100 39.451 32.395 10.276 9.750 315.851 77.910 17.590 

TVK-010-C 

100 35.626 30.728 0.925 0.884 27.156 82.420 16.630 

200 36.742 31.596 1.853 1.768 55.852 82.040 17.100 

400 37.871 32.212 3.704 3.544 114.170 81.390 17.480 

600 38.537 32.443 5.542 5.309 172.248 80.650 17.580 

800 39.015 32.508 7.389 7.071 229.847 79.730 17.600 

1000 39.379 32.482 9.281 8.847 287.352 78.620 17.600 

1100 39.535 32.462 10.172 9.708 315.149 78.370 17.550 

TVK-010-D 

100 35.537 30.581 0.922 0.879 26.892 82.090 16.470 

200 36.659 31.543 1.850 1.766 55.689 82.110 17.050 

400 37.791 32.229 3.692 3.535 113.926 81.660 17.440 

600 38.456 32.478 5.519 5.300 172.141 81.110 17.570 

800 38.933 32.571 7.361 7.051 229.662 80.130 17.580 

1000 39.300 32.535 9.269 8.824 287.099 78.810 17.580 

1100 39.464 32.496 10.143 9.709 315.486 78.820 17.560 
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3.8 Performance at Multi-Irradiances, 50oC 

 

SN IRR 
Voc 

(V) 

Vmp 

(V) 

Isc 

(A) 

Imp 

(A) 

Pmax 

(W) 

FF 

(%) 

Eff 

(%) 

TVK-010-B 

100 30.895 25.855 0.944 0.881 22.767 78.030 13.940 

200 32.167 26.795 1.911 1.777 47.606 77.460 14.580 

400 33.456 27.604 3.776 3.546 97.891 77.490 14.990 

600 34.218 27.809 5.656 5.335 148.368 76.660 15.140 

800 34.766 27.995 7.533 7.073 198.010 75.600 15.160 

1000 35.172 27.943 9.439 8.863 247.646 74.590 15.170 

1100 35.355 27.867 10.421 9.755 271.855 73.790 15.140 

TVK-010-C 

100 31.040 26.004 0.942 0.884 22.995 78.630 14.080 

200 32.288 26.825 1.914 1.777 47.660 77.140 14.590 

400 33.568 27.600 3.756 3.547 97.906 77.650 14.990 

600 34.328 27.939 5.623 5.312 148.426 76.900 15.150 

800 34.859 27.939 7.511 7.085 197.948 75.610 15.150 

1000 35.252 28.025 9.397 8.824 247.283 74.650 15.140 

1100 35.449 27.932 10.332 9.714 271.339 74.090 15.110 

TVK-010-D 

100 30.948 25.856 0.949 0.886 22.905 78.000 14.030 

200 32.200 26.909 1.872 1.768 47.575 78.940 14.570 

400 33.484 27.609 3.744 3.545 97.868 78.070 14.980 

600 34.237 27.970 5.605 5.299 148.203 77.230 15.130 

800 34.772 27.977 7.468 7.069 197.761 76.160 15.140 

1000 35.186 28.072 9.375 8.813 247.402 75.000 15.150 

1100 35.349 27.973 10.332 9.704 271.454 74.330 15.110 
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3.9 Performance at Multi-Irradiances, 75oC 

 

SN IRR 
Voc 

(V) 

Vmp 

(V) 

Isc 

(A) 

Imp 

(A) 

Pmax 

(W) 

FF 

(%) 

Eff 

(%) 

TVK-010-B 

100 27.586 22.493 0.960 0.878 19.759 74.630 12.100 

200 28.923 23.572 1.909 1.763 41.560 75.280 12.730 

400 30.368 24.401 3.837 3.532 86.191 73.960 13.200 

600 31.184 24.713 5.762 5.304 131.084 72.950 13.380 

800 31.771 24.827 7.612 7.054 175.123 72.410 13.410 

1000 32.221 24.898 9.566 8.790 218.855 71.010 13.400 

1100 32.420 24.782 10.515 9.690 240.142 70.450 13.370 

TVK-010-C 

100 27.713 22.519 0.956 0.880 19.816 74.790 12.140 

200 29.094 23.678 2.032 1.764 41.775 70.670 12.790 

400 30.491 24.398 3.801 3.539 86.353 74.520 13.220 

600 31.326 24.860 5.697 5.286 131.405 73.630 13.410 

800 31.895 24.946 7.589 7.036 175.517 72.520 13.440 

1000 32.336 25.034 9.498 8.758 219.245 71.390 13.430 

1100 32.518 24.888 10.432 9.655 240.299 70.840 13.380 

TVK-010-D 

100 27.615 22.502 0.954 0.877 19.736 74.880 12.090 

200 28.971 23.571 1.926 1.765 41.599 74.550 12.740 

400 30.370 24.404 3.795 3.530 86.140 74.750 13.190 

600 31.199 24.846 5.668 5.273 131.000 74.080 13.370 

800 31.786 24.968 7.565 7.026 175.420 72.950 13.430 

1000 32.235 24.881 9.476 8.811 219.218 71.770 13.430 

1100 32.411 24.920 10.395 9.637 240.162 71.280 13.370 
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3.10 Performance at LTC, LIC, HTC 

 

SN Condition 
Voc 

(V) 

Vmp 

(V) 

Isc 

(A) 

Imp 

(A) 

Pmax 

(W) 

FF 

(%) 

Eff 

(%) 

TVK-010-B 

LTC 38.133 32.320 4.669 4.440 143.507 80.610 17.580 

LIC 35.375 30.068 1.879 1.780 53.523 80.530 16.390 

HTC 32.221 24.898 9.566 8.790 218.855 71.010 13.400 

TVK-010-C 

LTC 38.231 32.297 4.643 4.436 143.280 80.720 17.550 

LIC 35.474 30.122 1.863 1.778 53.542 81.030 16.400 

HTC 32.336 25.034 9.498 8.758 219.245 71.390 13.430 

TVK-010-D 

LTC 38.158 32.316 4.629 4.425 142.996 80.960 17.520 

LIC 35.398 30.220 1.861 1.766 53.360 80.980 16.340 

HTC 32.235 24.881 9.476 8.811 219.218 71.770 13.430 
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3.11 Incident Angle Modifier 

3.11.1 Incident Angle Modifier Measured Values 
 

Measured Coefficients Coefficients to use on PVsyst PAN 
File 

AOI Min Ave Max 

0.0 1.000 1.000 1.000 

5.0 0.995 0.998 1.000 

10.0 0.998 0.999 1.000 

15.0 0.993 0.997 1.000 

20.0 0.991 0.992 0.993 

25.0 0.996 0.997 0.998 

30.0 0.990 0.992 0.993 

35.0 0.991 0.995 0.998 

40.0 0.989 0.991 0.993 

45.0 0.982 0.986 0.991 

50.0 0.980 0.981 0.982 

55.0 0.956 0.960 0.963 

60.0 0.942 0.947 0.949 

65.0 0.927 0.932 0.939 

70.0 0.867 0.876 0.883 

75.0 0.822 0.830 0.838 

80.0 0.696 0.721 0.735 

85.0 0.430 0.435 0.441 

90.0 0.000 0.000 0.000 
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3.11.2 IAM Polynomial Regression Variables 

  Coefficients Standard Error RSQ F Stat 
Regression of 
Sun Squared  

a -6.64904E-11 2.07033E-12 0.999878069 668329.7954 64.59625265 

b 1.4568E-08 5.66986E-10 0.004013586 489 0.007877241 

c -1.20603E-06 5.89218E-08       

d 4.56762E-05 2.88622E-06       

e -0.00077211 6.68892E-05       

f 0.004451941 0.000635733       

Constant 0.996302653 0.001818171       
 

3.11.3 IAM Polynomial Regression Variables Definitions 

a n sen r2 F ssreg 
b mn-1 sen-1 sey df ssresid 
c ... ...       
d ... ...       
e ... ...       
f m1 se1       

Constant b seb       
 

Variable Description 

mi The array of constant multipliers for the straight-line equation 

b The constant value of y when x=0 

sei The standard error values for the coefficients, mi 

seb The standard error value for the constant b 

r2 The coefficient of determination 

sey The standard error for the y estimate 

F The F statistic, or the F-observed value 

df The number of degrees of freedom 

ssreg The regression sum of squares 

ssresid The residual sum of squares 
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3.12 PAN File Creation (Vsys = 1000V) 

3.12.1 SS-BM270NE 
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3.12.2 SS-BM260NE 
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3.12.3 SS-BM365NE 
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3.12.4 SS-BM275NE 
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3.12.5 SS-BM280NE 

 
  

http://www.retc-ca.com/


 

Renewable Energy Test Center  
Project: PAN File Creation for SS-BM270NE 

 

46457 Landing Pkwy, Fremont, CA 94538  

Project No. C-CA-1702-TVK-010  Client TÜV SÜD Korea 

 

4/21/2017 RETC, LLC – www.retc-ca.com – 510-226-1635 27/34 

 

3.13 PAN File Creation (Vsys = 1500V) 

3.13.1 SS-BM270NE-HV 
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3.13.2 SS-BM260NE-HV 

 
  

http://www.retc-ca.com/


 

Renewable Energy Test Center  
Project: PAN File Creation for SS-BM270NE 

 

46457 Landing Pkwy, Fremont, CA 94538  

Project No. C-CA-1702-TVK-010  Client TÜV SÜD Korea 

 

4/21/2017 RETC, LLC – www.retc-ca.com – 510-226-1635 29/34 

 

3.13.3 SS-BM265NE-HV 
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3.13.4 SS-BM275NE-HV 
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3.13.5 SS-BM280NE-HV 
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Annex 1: List of measurement equipment 

 

Description Identification # Calibration Due Date 

 EL Camera MEQ-CA-009-00 N/A 

 Luxmeter MEP-CA-335-00  21/09/2017 

 Luxmeter MEP-CA-344-00  12/11/2017 

 Module IV Tester  MEP-CA-354-00  10/01/2018 

 Module IV Tester  MEP-CA-355-00 10/01/2018 
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Annex 2: Statement of the estimated uncertainty of the test results 

 

Temperature measurements using thermocouples (i.e. chamber tests) are estimated to have a +/-1.27ºC uncertainty 

while the reported performance measurements are subject to +/-2.1%, +/-3.7%, +/-2.6% uncertainty at STC and 
+/-3.2%, +/-3.3%, +/-4.5% uncertainty for non-STC for voltage, current and power respectively to account for the 

random and systematic errors inherent to the calibration of reference materials, environment, human factor, etc. 

 

Stated quantities represent expanded uncertainties expressed at approximately the 95% confidence level using a 

coverage factor of k=2 
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About RETC 
 

RETC, LLC (Renewable Energy Test Center, LLC) is an engineering services, 

and certification testing provider for photovoltaic and renewable energy 

products. RETC is TÜV SÜD’s exclusive PV Test Laboratory in North America 
and Global Partner complementing its strategy to deliver “One-Stop-Shop” 

capabilities for the growth of PV testing and certification services. RETC is 
ISO 17025 accredited by A2LA, an ILAC affiliated laboratory, and awarded a 

CBTL status, the highest accreditation in IEC scheme.  

 

RETC offers Outdoor Endurance and Long Term Performance testing 

capabilities at its Nevada test site for desert / southwest weather conditions 
and at its Philippines test site for tropical high temperature and high humidity 

weather conditions. RETC also provides testing services for PV panels, BOS 
devices (trackers/tracking systems controls and monitoring, inverters, micro-inverters,) and other renewable energy 

product components to support the growing need for a 3rd party performance validation and monitoring. 

 

RETC brings value from R&D - to Market Entry - to Bankability, focusing on providing "Unequaled Time-to-Market" as a 

key component of Customer Value-Chain. 

 

At RETC, we believe in the need for cleaner, better, and affordable Solar PV technologies to meet the global demand for 

energy. We believe in early customer engagement to help ensure a smooth product certification and new product 

introduction (NPI) process. 
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