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1.0 INTRODUCTION

Only in the last 20 years has it become practical to convert sunlight
directly to electrical energy by the use of photovoltaic properties of semi-
conductors. Arrays of these semiconductors have been fabricated to power
satellites, and their success and reliability in the space environment is well
documented. Their use on earth, with its weather, has only just begun, and to
date, their terrestrial success has not been universal.

The severity of the earth environment was initially underestimated, and
many of the early terrestrial solar photovoltaic devices failed because of
corrosion and mechanical breakdown under the changing temperature, pressure,
and humidity of earth. Lessons were thus learned, and corrective actions
taken which, hopefully, have resulted in the development of more durable solar
photovoltaic devices. Further, it now appears that solar photovoltaic energy
systems may be a cost-effective and reliable means for powerin? low-voltage
lighted aids to navigation (AN) maintained by the Coast Guard.! However,
before solar photovoltaics can be accepted into the AN hardware inventory, the
relationship of cost-to-reliability must be established. Not until this rela-
tionship is determined can the Coast Guard afford to deploy these photovoltaic
devices on a large scale.

This determination is difficult. The rapidly changing technology, the
complex structure of photovoltaic devices, and the general lack of interest
outside the Coast Guard in developing low-cost photovoltaics capable of sur-
viving in the marine environment compound this problem. Thus, it is essential
that the reliability of potential cost-effective devices be determined by the
Coast Guard in the marine environment.

In the past, tests at the Coast Guard Research and Development Center
were directed at evaluating the interaction of solar photovoltaic energy
system components. These tests identified only one highly reliable photovol-
taic device, a module (CSP14) manufactured by OCLI (Optical _Coating Laboratory
Incorporated) (present cost approximately $50 per-peak watt<). However,
practically no knowledge was obtained of the survival potential of other
photovoltaic devices, particularly those low-cost devices that might be cost-
effective for AN deployment. This failure was due in large measure to the
lack of adequate marine testing and, in general, to the limited testing of
potentially cost-effective photovoltaics. Since the psesent cost of modern
photovoltaics range from about $25 to $9 per peak-watt®, and the price can
be anticipated to drop to as low as $1 per peak-watt in the near future, more
knowledge must be gained about the survivability of these new photovoltaic
devices.

In order to remedy past deficiences in testing, a program to evaluate
modern and prototype photovoltaics in the marine environment has been under-
taken by the Coast Guard Research and Development Center as part of the Energy
Sources Project (2702). This effort, embodied as the Natural Environment
Exposure Test (NEET)?, aims at development of a screening, and later a
qualification test, for solar photovoltaic devices. To assist in the attain-
ment of these goals, two facilities have been established. One, located in

1,2,3,%eferences are given on Page 15.




the northeast, at Avery Point, Groton, Connecticut, is characteristic of a
northern marine climate; the other, located in the south, at CG Station Fort
Lauderdale, Dania, Florida, is characteristic of a southern marine climate.
Together they nominally represent the extremes of climate under which the
Coast Guard deploys aids to navigation.

This report describes these facilities in detail, characterizes their
environmental conditions, and considers other auxiliary uses for these facili-
ties.
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2.0 MARINE EXPOSURE FACILITY

In order to evalute the possible sites at which to locate the exposure
facilities, selection criteria were developed. Principal among these were the
requirements for:

1. Proximity to the sea, in order to simulate the conditions found on
an aid to navigation.

2. Accessibility, in order to expedite installation and inspection, and

3. Security, required to minimize the possibility of vandalism and
theft.

In the south, Coast Guard Station Fort Lauderdale satisfied all the major
criteria. An alternate site, located at the Coast Guard station at
Islamorada, in the Florida Keys, although completely acceptable, was con-
sidered less desirable than the Fort Lauderdale station because of its greater
distance from the major airports.

In the north, the problem proved less tractable. A site close to the R&D
Center was desired, but those sites that were acceptable in terms of security
were reachable only by boat. They were consequently rejected. Finally, it
was decided that Avery Point, the location of the R&D Center, was the most
desirable site for the exposure facility. Avery Point itself is on the
grounds of the University of Connecticut. Although this site is not as secure
as a manned Coast Guard station, it is heavily patroled, and the local parking
restrictions and the rocky coast limits casual access to the Point. The
choice of Avery Point as the northern exposure facility has, on the other
hand, the paramount advantage of excellent accessibility and a fine exposure
to the sea.

2.1 Southern Marine Exposure Facility

The Southern Marine Exposure Facility is located at Coast Guard
Station Fort Lauderdale, on the north end of Dania Island. The station is
easily accessed by auto, and it is convenient to both the Miami and Fort
Lauderdale airports. Figure 2-1 shows the location of the station. The expo-
sure facility is located at the southwest corner of the station's breakwater,
at approximately 26905'N latitude and 80007'W longitude.

Although the water is shallow in this region of the breakwater, the
waves of passing boats on the ICW (Intra-coastal Waterway) and Port Fort
Lauderdale keep the sea in proximity to the bulkhead choppy.

The facility was constructed of wood stringers bolted to the
station's steel breakwater and to three I-beam piles. A wood deck was built
on the stringer so as to provide a convenient work platform. The platform is
approximately 26 feet long by 17 feet wide and lies about 2.5 feet above the
high water mark on the breakwater. Figure 2-2 shows the platform under con-
struction. For all practical purposes, it can be considered surrounded by
water, with access either by walk way, along the top of the south section of
the station's breakwater, or by boat, which can be docked alongside the plat-
form.
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The solar photovoltaic modules under test are mounted on stands.
These stands are inclined 20 degrees to the horizon facing south; this is
illustrated in Figure 2-3. Three stands were constructed. These measure 120
inches by 48 inches, 120 inches by 56 inches, and 143 inches by 96 inches.
They provide about 184 square feet of useable area on which to deploy photo-
voltaics.

The anticipated climate at the southern marine exposure facility is
given in Table 2-1 which is a summary of past meteorological records. The
actual climate will be characterized by in-situ measurements using a meteoro-
logical instrument package which will monitor solar irradiance, temperature,
and humidity. This instrumentation will be deployed during 1979 and will
remain at the facility for at least one year.

The modules will be mounted to L-angle beams, which will span the
short dimension of the mounting stands (i.e., 48, 56, and 96 inches). The
> mounting holes will be drilled oversize to allow for differential expansion.
In general, the manufacturer provided mounting holes on the modules will be
used to fasten the module to the L-beam. However, in those cases where the
manufacturer has not provided mounting holes, the modules will be strapped to
the L-beam with flat stock or L-beam. Theft-resistant bolts and washers will
be used to reduce the possibility of tampering and theft.

Modules will be electrically loaded by means of a resistor whose value
will be chosen so that the module output ¥o1tage will be 0.375 volts per
module cell when illuminated by 100 mw/cm¢.

| 2.2 Northern Marine Exposure Facility

The Northern Marine Exposure Facility is located at Avery Point,
Groton, Connecticut, on the grounds of the University of Connecticut. The
facility is Tocated approximately 75 feet east of the abandoned Avery Point
! Light House at 41919'N latitude and 72904'W longitude. This is illu-
strated in Figure 2-4.

The concrete piers which form the facility's foundation rest on a
rock outcrop to the south of a bulkhead. The rock is usually submerged at
i high tide, and the base of the photovoltaic mounting area is approximately 2.5
feet above the high water mark on the bulkhead. Figure 2-5 illustrates the
3 concrete piers, the steel posts, and the aluminum beam construction of the
facility. The mounting area is inclined 41 degrees from the horizon to the
south. In all, the structure is approximately 8 feet by 32 feet at the base
and can accomodate up to 340 square feet of solar photovoltaic modules. How-
ever, if working spaces are allowed so as to give convenient access to the
modules, then the effective capacity is reduced to about 275 square feet.

Access to the structure is by vehicular road, and 100 volts 60 hz
power can be made available at the site.
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The anticipated climate at the Northern Marine Exposure Facility is
given in Table 2-2. The actual climate will be characterized by in-situ
measurements as in case of the southern facility.

The modules will be mounted on L-angle and electrically loaded in
the same fashion as at the southern facility.
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3.0 AUXILIARY USES OF THE MARINE EXPOSURE FACILITIES

In addition to the solar photovoltaic modules, a solar photovoltaic
energy system is composed of several other components all of which must
function flawlessly if the reliability of the entire system is to be assured.
That is, a failure of the photovoltaic module, battery, regulator, connectors,
or interconnect wiring will result in the failure of the entire system and
extinguishing of the AN. Since some of these components are seriously
affected by the marine environment, exposure testing must be performed to |
determine their reliability and what improvements might be instituted to in- f
crease their potential for survival. The marine exposure facilities offer an
excellent platform from which to conduct these tests, and ample space exists
at the northern facility to do so. Therefore, in the future, varied tests
will be carried out. These will include (1) electric terminal corrosion, (2)
battery terminal corrosion, and (3) zener diode reliability.

13




4.0 CONCLUSIONS

Two marine exposure test facilities have been erected. The southern
facility is located at Coast Guard Station Fort Lauderdale, and the northern
facility is located at the Coast Guard Research and Development Center, Avery
Point. Both offer an excellent location from which to expose photovoltaics
and other auxiliary system components to the marine environment. Both sites
meet the original selection criteria, except that the northern site is less
secure than desired. The method of construction and the materials used should
prove both esthetically acceptable and rugged (i.e., adequate longevity for
the proposed test period of less than six years).

The two sites offer the Coast Guard a unique facility to assess the reli-
abilty of solar photovoltaic energy systems components in the marine environ-
ment, and to generate data essential to determining their cost-reliability
relations.
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