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Solar cell life is generally taken to be about 20 years in economic analysis and 20 years are quoted
as a minimum life time. If the cell life is short, advantages of using solar cells, in terms of
economic consideration, are reduced. Moreover, if solar cells are used in remote and rural areas
such as telecommunication repeating stations or rural applications in providing lighting or water
pumping, short life entails negative social impacts as well as solar cells being not cost effective.
Widespread applications of solar cells in Thailand occurred over twenty years ago. Most modules
are locally assembled from imported cells. As there exists no test standards on modules and balance-
of-system (BOS), therefore, requisite electrical characteristics and product life time of modules and
BOS cannot be assured. Modules employed in Thailand operate in hot and humid climate.
Excessive and fast modules deterioration is visually observed. But there has so far been no

systematic study on this.

The research consists of two parts. The first is a study on physical deteriorations of 39 modules (35
modules of 47W, 1 module of 53W and 3 modules of 63W). All modules are locally assembled and
field-used for over ten years. The second part involves electrical characterization and thermal
imaging of 20 unused and bare cells. This is conducted in view of identifying possible diagnostic
tools and factors that could indicate weak or defect regions within cells, before encapsulation,
module assembly and utilizations. The principle is based on infrared thermographs of dark bare cells

under reverse bias. Estimation of resultant resistance of constituent areas of cells, the resistance can
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be determined from the temperature of constituent areas employing the energy balance equation,
electrical power from bias voltage as input, and thermal power (radiation and convection heat
losses) as outputs. Under equilibrium, constituent areas having high resistance would exhibit high

temperature, leading to localized hot spots and possibly accelerating deteriorations.

Testing of 39 used modules is done through numbers of experiments. They are visual observation,
electrical characterization of modules at STC, thermal imaging of modules under outdoor
conditions. Visual observation of modules focus at centers and edges of cells, cell electrodes and
module frames. Observed physical deteriorations are de-lamination and browning of EVA, damages
and tears of module edge sealants and tedlar back-sheets. All these are linked to downgraded
electrical parameters, mostly decreased wattage. Three groups of modules can be discerned after
determination of their electrical parameters at STC. Modules categorized as the first group, 7
modules, have their internal circuits opened, and their [V curves cannot be traced. The second
group, 15 modules, exhibit abnormal IV curves. The first two groups have 22 modules, representing
a sizable portion of 56% of total 39 modules investigated. This may indicate that locally assembled
modules are substandard. The third group, 17 modules, have normal IV curves but with downgraded
electrical parameters. It is worth noted that given a module nominal wattage of 45 W, all measured
wattage values are much less. We note measured wattage of less than 10 W for 2 modules, between
10-20 W for 3 modules, between 20-30 W for 4 modules and larger than 30 W for 4 modules.
Large differences between the nominal and measured wattages may be due to modules having
intrinsically low wattage from beginning, but not initially identified as no testing is carried before
use, or modules have deteriorated during uses. Both aspects reflect low quality modules. On
electrical insulation testing according to the IEC 61215 Standards, regardless of deterioration all
modules meet electrical insulation standards. Therefore, we can conclude that all visual
deteriorations observed within all 39 modules are not related to electrical insulation properties.
Outdoor thermal pictures of modules under reverse bias show hot spots on cells. It, therefore, leads
us to the next step of study of constituent areas on cells, and identifying defects or weak spots on

bare cells before uses, indicating possible future deterioration sites.

Subsequently, we undertake electrical characterization of 20 unused cells (10x10 ¢cm) at STC to

determine cell electrical parameters. We also test dark cells under reverse bias, monitor their



234481

temperature, take corresponding infrared pictures. Cell parallel resistance, of solar cell dynamic

model, are derived from two different methods on impedance spectroscopy.

In general, all 20 cells exhibiting lower-than-normal parallel resistance and fill factor of 60-70%.
Under dark and reverse bias, parallel resistance determined from operating points close to the origin
and with reverse current of 100 mA is higher than R at STC. This indicates that cell-diodes have
large leakage under reverse bias. We posit that series and parallel resistance at non STC consist of
series and parallel resistance at STC , whose values are fixed, and intensity and temperature
dependent terms. Thermal pictures show non-uniform temperature, across cell surface, and resultant
resistance that may indicate local hot spots. From thermal pictures we can also derive resistivity on
small constituent areas of cells. Determination of series and parallel resistance at STC do not
provide this detailed picture as they are global or average value of the whole cell. Hence, our

technique presents a cell as consisting of numbers of distributed smaller cells.

We can claim two original works in this research. One is the first systematic study on deterioration
of field-used modules. It indicates that absence of standards and cell testing facilities in the past
result in non-optimum uses of resources in promoting solar cell applications. Modules deteriorate
greatly and quickly. The second deals with thermal pictures of unused cells. This provides
information on constituent areas of cells and could be used as diagnostic tools for identifying
probable sites of weak or hot spots of cells prior to cell being encapsulated and module uses. Such

sites could lead to cell/module deterioration.





