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Abstract Photovoltaic (PV)
module and system performance
degradation is being measured by
periodic flash testing of fielded PV
modules at three sites. As of early
2019, new results from modules
fielded in New Mexico and Colorado
are available. These data indicate
that module degradation varies
significantly between module types

and can also vary between modules of the same model. In addition, degradation
rates for some module types appear to vary over time. Great care is made to
control for stability and repeatability in the measurements over time, but there is
still a +/-0.5% uncertainty in flash test stability.
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Due to the typically slow pace of PV module degradation in operation, often less
than 1% per year [1], as well as variations in the operating and test conditions, any
resulting differences in degradation rate are difficult both to measure and
compare.

Modules Under Test

Site Manufacturer Model Technology # of modules
Installation

Date

NM Trina Solar TSM-PD05.08 260W poly-Si 56 Jun-16

NM Jinko Solar JKM260P-60 260 W poly-Si 56 Jun-16

NM SolarWorld SW 245W Mono mono-Si 21 2013

NM Canadian Solar CS6K-270P 270W poly-Si 48 Oct-17

NM Canadian Solar CS6K-275M 275W mono-Si 48 Oct-17

NM Hanuwa Q-Cells Q.Plus BFR-G4.1 280W poly-Si PERC 48 Oct-17

NM Hanuwa Q-Cells Q.Peak BLK G4.1 290W mono-Si PERC 48 Oct-17

NM Panasonic N325SA16 325W HIT Mono 48 May-18

NM LG LG320N1K-A5 320W N-type Si 48 May-18

CO Trina Solar TSM-PD05.08 255W poly-Si 28 Sep-16

CO Trina Solar TSM-PD05.08 260W poly-Si 28 Sep-16

CO Jinko Solar JKM260P-60 260W & 265W poly-Si 56 Sep-16

CO Hanuwa Q-Cells Q.Plus BFR-G4.1 280W poly-Si PERC 28 Oct-17

CO Hanuwa Q-Cells Q.Peak BLK G4.1 290W mono-Si PERC 28 Oct-17

CO Canadian Solar CS6K-300MS 300W mono-Si PERC 28 Jun-18

CO Panasonic N325SA16 325W HIT Mono 30 Jun-18

CO LG LG320N1K-A5 320W N-type Si 28 Jun-18

Total 675 modules
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Flash Test Results
Flash test results are shown in the figures below. Trina and Jinko
modules have been in the field almost three years and show
decreasing rates of degradation over time. Panasonic, Canadian Solar,
and LG Electronics modules appear to be improving over time in the
first year and then stabilizing or degrading slightly later. One result is
clear, degradation rates appear to be changing over time. Within the
next year we will get more results from Colorado and can see if we
similar patterns on their systems.

New Mexico Systems

, and Bill Sekulic2

Flasher Stability
The stability of the flash simulators at each lab was monitored by regularly measuring control modules that are stored
indoors. We noted that some of these modules showed progressive degradation and variability of Pmp (and RVoc). We
attributed this to increasing series resistance from connector fatigue. We replaced all connectors with gold-plated
multi-contact connectors and this problem disappeared (vertical lines in Pmp plot). We found that we can maintain
approximately +/- 0.5% stability in power (red lines).
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Colorado Systems

2 64
JKM260 field modules - adjusted for control change

262 -

260 -

258-

w 256

2 54 -

252 -

250 -

LID: -0.5%

Yrl change: -
-3.30% / yr

-0- M1609-0060

-0- M1609-004 7

-0- M1609-0065

-111- M1609-0059

M1609-0058

-0- M1609-0055

rall change: -3.5
-1.68% / yr

1-13/- 1-134̀  -01 `0
1.3). 0.0- 1:6-0'3- .6,01 )53

.2P 1.3)- 101:6-

JKM265 field modules - adjusted for control change

2 6 -

2 66 -

-- 2 64

cid

O
o_
2 62 -

2 60 -

258 -

LID: -1.5%

Yrl change: -1.4
-1.45% / yr

M1609-0045

-1F M1609-0041

M1609-0039

M1609-0012

-111- M1609-0011

-41- M1609-0010

Overall change: -
-0.92% / yr

10-b '6Nlisy.1.-°‘ 1 '61 1 ')-() 
)

1. 

131 0

161" 1.431/6 0.6 7.0".

1.94%

TSM260 field modules - adjusted for control change

2 6 2.5 -

2 60. O. -

2 5 7.5 -

2 5 5.4 -

2 5 2.5 -

2 5 0.0. -

247.5 -

245.6 -

LID: -0.4%

Yrl change: -1.56°.
-1.71% / yr

-19- M1610-0025

-19- M1610-0020

-19- M1610-0021

-1P- M1610-0042

-0- M1610-004 3

-0- M1610-004 1

-3.86%
M1610-0043

Oveia7c1%
-0.88% / yr

erall change.
-4.04%

6:0- -01 -05 1 -13i3 -01- -°5
7.0% 7..()1 7,01:6 7,01:6 st%

2 62
TSM255 field rnodules - adjusted for control change

2 60 -

2 5 8 -

'crd 256 -

2 54 -

LID: -0.4%

Yrl change: -0.96°.
-0.97% / yr

▪ M1610-0060

▪ M1610-0073

-F M1610-0072

-0- M1610-0071

▪ M1610-0051

-0- M1610-0050

Overall change: -1.04°
-0.51% / yr

2 52 -

2 50

.0- 07 05 ..053 0'1 05 0$5206- 7:01 - 205,1 - 70 101 - ..402) 10,53.

U.S. DEPARTMENT OF

ENERGY
N.. ri&ciss

lvkv
rikeumarNowergarSwcue Actsedairdratiodu

Sandia National Laboratories is a multimission laboratory managed and operated by National

Technology &Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell

International Inc., for the U.S. Department of Energy's National Nuclear Security Administration

under contract DE-NA0003525.

SAND2018-6156 C

EliNIREL
NATIONAL RENEWABLE ENERGY LABORATORY

Sandia
National
Laboratories

SAND2019-1862C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.


