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	Personal Brief Introduction
	William Gambogi is a Technical Fellow with DuPont Photovoltaic & Advanced Materials business. His work focuses on photovoltaic materials and their impact on performance and durability.  He has worked at DuPont for more than 30 years and has been involved in several new product developments.  He has contributed to over 30 patents and more than 20 technical publications, and regularly delivers technical presentations at international industry events.

	Please “(” Your Presentation Topic Category
	( Novel PV Concepts
( Solar Cells and Auxiliary Materials
( Thin Films
( Equipment & Manufacturing Automation
( Market Trends and Barriers
( Graphene
	( Balance of Systems
( Distributed PV and BIPV
( Smart O&M of PV Power Plants and Grid Integration
( “Internet+” Smart Energy
( Energy Storage
( Other: (Please describe:            )


	Speech Title
	Development of test methods to determine the durability of transparent backsheets for bifacial modules

	Abstract/ Brief Introduction of the Speech
	Bifacial modules have attracted attention within the PV industry due to their higher output power.  High performance of these modules is dependent on reliable power generation from the front and back of the PV module.  Requirements for the encapsulation system include stable optical and mechanical properties.  Stable optical transmission, mechanical strength and adhesion are required over the expected 30 year life of the module in the field.  The assessment of these properties requires significant UV exposures of front and rear side of the PV panel. We have developed accelerated test methods including combined high temperature and UV irradiance to assess the outdoor durability of transparent backsheets developed for bifacial modules.  Several UV sources including fluorescent UVA, xenon, and metal halide lamps are used to assess durability based exposures through the front and back side of the PV module.  The impact of the transmitted wavelengths of the glass/encapsulant from the front side of the module is studied and comparison of direct exposure and filtered UV exposure are discussed.  The stability of the backside UV exposure from albedo is also assessed.  Multistress accelerated test methods are also applied to assess the synergistic impact of the multiple environmental stresses experienced by PV modules over their service life.


Explanatory material (not to be published)

Assessment of the long-term durability of photovoltaic modules has been of increased interest as new module technologies, new manufacturing processes and new materials have been introduced to reduced cost and extend service life.  While qualification standards establish a minimum performance and durability requirement, it is generally understood that these tests are not predictive of long term durability.  The multiple stress conditions (temperature, humidity, temperature cycling, mechanical stress and other outdoor conditions) all operate in the outdoor environment and simulating the synergistic effects of these stress conditions is needed to assess their impact and predict long term performance.  This work has been of the focus of intense research within the industry including module manufacturers, test organizations and materials suppliers.  

The introduction of bifacial cells and modules has added further complexity to the product assessment.  IN bifacial modules, the impact of stress conditions of the performance of the front side of the cell and the backback side of the cell need to be considered.  The backside of the module needs to maintain high transmission and the impact to the backside of the cells needs to be more closely considered.  In addition, new PV module constructions need to be considered including the use of a transparent backsheet on the back side of the module or the addition of a glass cover on the back side of the module.  For transparent PV backsheets, the durability needs to be assessed from the front side of the backsheet where direct sunlight of incident filtered by the glass/front encapsulant/rear encapsulant and from the backside of the module where light passes through the back glass/rear encapslant and front encapsulant.  The backsheet needs to maintain its mechanical properties and high light transmission so that the integrity of the encapsulation package is maintained and the power from the backside of the module remains high.  To assess the stability to UV, we have employed multiple UV light sources with differing spectral emission spectra and different intensity ranges leading to differing acceleration rates.  In addition, the impact of direct and filtered exposure is evaluated vs. the expected dose over a range of wavelengths.  Filtered exposures are applied using glass/front encaspulant/rear encapsulant are compared to direct exposure to understand the impact of light at wavelengths outside the expected wavelengths that the material will experience in use and compared to filtered exposures where light from that wavelength range is blocked.  The impact of GG structures where water and oxygen permeability is near zero is also examined vs. expected exposure over the lifetime of the product.  Recommendations for testing protocols are shared.
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Fig. 1.  Exposure constructions


Fig. 2.  UV Light Sources used on this study
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[image: image4.png]Irradiance Unit Filter BPT ChT  SampleT
suv 1500 W/m2 (1) Unit F-type 70 70 70-75
IAtonometrics 225 W/m2 (2) Unit plate glass n/a 90 90-92
Xenon 0.8 W/m2 @340nm RL/CQ 90 65 75-78
Quv 1.2 W/m2 @340nm none 70 n/a 70+/-

(1) full wattage, say 1250 W/m2 UV

(2) lamp loses power over time, unit set to kWh/m2 for each segment
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