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Outdoor Monitoring and High Voltage Bias Testing of Thin-Film Photovoltaic Modules

NREL, UCF/FSEC Account # 2012 8071 
Year 2 Quarter 3 Report, FSEC-CR 1523-05

July 29, 2005.
Introduction

Outdoor monitoring and High Voltage Bias Testing of Thin-Film Photovoltaic Modules has been undertaken through the project funded by NREL for a period of three years.  This is the Year 2, Quarter 3 Report, FSEC-CR1523-05 for the period April-June 2005. The report contains the tasks carried out to modify the data acquisition process and completion of all the modifications suggested by NREL. 

This work consists of the study of outdoor testing and monitoring of photovoltaic (PV) thin-film modules fabricated by First Solar (Glass/CdTe/Glass), Shell Solar (Glass/CIS/Glass), United Solar (a-Si:H on flexible substrate), Energy Photovoltaics (Glass/a-Si:H/Glass), and Global Solar (CIS on flexible stainless steel foil substrate) with 1 additional crystalline silicon module in the hot and humid climate of Florida.

Outdoor Monitoring and High Voltage Bias Testing of Thin-Film PV Modules 

Data Acquisition 


As mentioned in the earlier report, thin-film PV modules from the following US PV Manufacturers have been installed on the Florida Solar Energy Center (FSEC) high voltage test setup: (6+6+2)-First Solar (CdTe), (24+24)-Shell Solar (CIS), (20+20)-Uni-Solar (a-Si:H), (9+9) Energy Photovoltaics (a-Si). (1+1) Global Solar modules (CIS) and (1) BP Solar (c-Si) module. 

 First Solar (FS), Shell Solar (SS), Uni-Solar (USSC) and Energy Photovoltaics (EPV) modules are connected in series so as to reach a maximum open circuit voltage, Voc approaching +600V and –600V. The modules are connected across a load consisting of several resistors to provide an operational point near the maximum power point. A voltage divider circuit and a shunt (depending on the module rating) have been connected to the arrays. The voltage and current measurements are carried out with the help of a voltage divider circuit and shunt respectively. Two BP Solar modules were connected in parallel for testing the reliability of connectors. After consultation with NREL one of the remaining modules was uninstalled and stored as a control. The two Global Solar modules are connected individually across an optimum load. Each array voltage and current, solar irradiance, ambient temperature, back of the module temperature at two locations, relative humidity, UV index and wind speed are being monitored on a daily basis. This report provides information on the data collection, data restoration and modification process. 

Installation of pyranometers 

The existing pyranometer (pyranometer-1) on the high voltage test bed was moved to the outdoor monitoring site on May 10, 2005 and was installed on the west side. A second pyranometer  (pyranometer-2) was installed on the east side on May 21, 2005. Installation of pyranometers in the vicinity of modules will relate the irradiance values in a better manner to the I-V data from modules.
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Figure 1: Installation of   pyranometer-1 (left) and pyranometer-2 (right).

Voltage divider circuits (1000:1 ratio) 

It was decided in consultation with NREL to modify the existing circuit by installing voltage dividers (1000:1 ratio). Type USVD ultra-precision voltage dividers manufactured by Caddock Electronics were used for this purpose.  The first phase of changes was completed on May 28, 2005. First Solar +600 V, Shell Solar + 600 V, Uni-Solar +600 V and EPV +600 V series arrays now contain the new circuit with the addition of voltage dividers. The addition of voltage divider circuits was taken into account while modifying the program. The second phase of voltage divider circuits in four -600 V series array junction boxes was completed on July 19. The thermocouples were also changed to new Flat head type thin wire Cu-Constantan thermocouples between July 10 and July 15.
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Figure 2 :  The Array electrical connections with addition of voltage divider circuit 
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Figure 3:  Physical connections in the junction box on site.

Solar Module Hurricane Protector Design and Implementation

Central Florida underwent 3 severe hurricanes last year. The modules were moved indoors twice during the hurricanes to prevent damage. This was a time-consuming process and resulted in the loss of data for over a period of two months. Therefore, it was decided to build appropriate protectors so as to avoid loss of data in case of future hurricanes during this or subsequent years. The protectors were tested for fit on the modules during the last week of June 2005. For this purpose, the modules were placed in horizontal position. They were disconnected from the arrays and were short-circuited individually. All the tests were carried out successfully and the array was re-erected prior to the beginning of the 2005 hurricane season. 

A) Problem Description

The purpose of the hurricane protectors built at Florida Solar Energy Center in the summer of 2005 is to protect the solar modules from flying debris in the event of a storm. Typical protection in hurricanes is in the form of plywood boards nailed into the sides of a building to cover a window or glass door. The geometry of the field at FSEC, however, prohibits such a simple approach. The layout of modules is in several rows mounted to a pair of large C-channels. One such row is shown below in Figure 4. Throughout the year, the L-channels shown in the figure are maintained at 29 degrees with respect to the horizontal, to match the latitude of the Center’s location. In the event of a storm, these channels will be brought horizontal, minimizing the area vulnerable to flying debris to the upper side of each module. Dimensions of the rows vary throughout the field: L-channel lengths vary from ten to twelve feet; modules vary considerably in width; spacing between rows is different for each array; and the distance between the top face of a module and the C-channel is dependent on the geometry of the particular module. Such variation in mounting geometry required that the basic design be adjustable to size and the final product be adjustable in installation.
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Figure 4: Layout of Modules in Field

The primary requirements of a protector are strength, stiffness, and a sturdy mounting mechanism. A protector must be stiff and strong enough to deflect flying debris and mounted in a way that will not allow it to detach from the structure in 100+ mph winds, in which case the protectors would become dangerous projectiles. These qualities were considered foremost in the design as only materials of proven strength could be used. The materials also must not degrade excessively over time in the wet and humid climate of Florida, as these structures need to be stored in the field for quick deployment.

Another major requirement of the design was that the installation of the protectors should not be too cumbersome to be accomplished in one day. Bringing the modules to a horizontal position is a time-consuming process and will need to be completed before the protectors are installed. Ease of installation needed to be accomplished without sacrificing the strength of the structures. It was decided that no more than four individuals should be required for a protector to be installed. With this requirement met, others could be preparing modules and taking care of installation details so that the process could happen quickly.   

B) Structure Design

Galvanized steel corrugated sheeting was selected as the shield material for its strength and resistance to corrosion. This material is commonly used in roofing of sheds and some homes. The sheeting also has reasonably low weight per unit area covered and is commercially available in ten and twelve foot lengths (the same as the lengths of rows of modules in the field). The sheets, however, are not stiff enough by themselves and need to be supported by a frame.

The frame was divided into two parts: one that was permanently attached to the steel sheets and one that would be attached to the C-channels (refer to figure 4) at the time of the storm. The part attached to the C-channels will support the protector during installation and allow adjustment of position along the direction of the L-channels. Slotted steel beams were selected for this purpose as they allow adjustment and can be quickly attached with bolts when the optimum position is determined. These beams will be attached to the C-channels with the use of  ½” diameter threaded rods, which allow for the adjustment of height to compensate for differences in module dimensions.

Wooden beams support the steel sheets and run parallel to the C-channels when mounted above the modules. These beams were nailed to the sheets and are placed three feet apart to provide adequate stiffness and strength to the structures. The wooden beams were bolted to L-shaped brackets, which are used to bolt the structure to the slotted steel beams.  The slotted steel and wooden beams are perpendicular to one another, making a cross-braced framework with ample stiffness. Two layers of steel sheet were used on each protector, separated by a layer of foam thermal insulation material. This practice is used to provide stiffness during the transportation of the protectors and also helps to distribute any impact on the structures. Figures 5 and 6 show the framework layout as mounted in the field.
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Figure 5: Front View of Protector over Module (typical dimensions shown in inches)
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Figure 6 : Side View of Protector over Module (typical dimensions shown in inches)

Only pressure-treated wood was used in the construction of these protectors, in order to avoid termite or rot problems. Weather Seal was applied after all cutting was complete to further minimize the likelihood of rot. 3” ring-shank nails mount the wooden beams to the shield portion and are spaced one foot apart

C ) Storage and Deployment Procedures

The first two steps in deployment of the protectors are to bring the L-channels horizontal and place the appropriate protector in front of each row. The protectors are stored in the back of the field and covered to minimize exposure to rainfall. They are grouped into two stacks: one for the +600V series arrays and one for the -600V series arrays. Plastic numbers attached to the wooden beams identify the type of module appropriate for each protector. Numbers increase from East to West in the field, as follows:

1 First Solar

2 Shell Solar

3 Uni-solar

4 EPV

Each protector is also marked with an “E” and a “W”, showing which side should be oriented East and which should be West, and a “+600” or “-600”.

Once the modules are horizontal and protectors in place, the slotted beams can be placed over the threaded rods onto the lower washer (see figure 5). The rods and washers are already placed to approximately the correct height, but at this point care should be taken to see that the beams sit about 4” above the modules’ top surfaces. This will help avoid any damage to modules during installation of the protector. Next the protector should be placed atop the slotted beams and slid into place. For this two people should stand at the front of the protector to guide the structure and ensure that the wooden beams do not slide off of the slotted steel beams. One or two individuals (depending on the size of protector) should stand at the back to move the structure into place. The protector should be adjusted such that each end of the row of modules is adequately covered. Once this is accomplished, the brackets should be bolted to each slotted beam at each end. After proper clearance is ensured between module surface and wooden beam, the nut and washer should be tightened on each threaded rod above the slotted beam. The nut connecting each rod to the C-channel should also be checked for tightness. This concludes the installation of a protector. With the protectors all in place, the only remaining exposed areas are at the ends of the structure. This area should be covered by strips of welded wire, which is available onsite in the wooden chest. Any other areas where the gap between two protectors appears to be too large should be covered in the same way. The welded wire can be bolted to the threaded rod (under the top nut above the slotted beam) and to several of the bolts that connect the top and bottom layers of sheet steel.     
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Figure 7: Individual hurricane protector
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Figure 8 : Protectors while being tested for fit on the modules

Planned activities for quarter 4

· Weekly summary reports on the behavior of Power v/s irradiance curves.

· Compilation of weekly summary reports into a monthly data report to be sent to NREL.
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