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PREFACE

The papers and presentations compiled in this volume form the Proceedings of the fourth
in a series of Workshops sponsored by SERI/DOE under the general theme of photovoltaic
module reliability during the period 1986-1990.

The reliability of PV modules/systems is exceedingly important along with the initial cost
and efficiency of modules if the PV technology has to make a major impact in the power
generation market, and for it to compete with the conventional electricity producing
technologies. The reliability of photovoltaic modules has progressed significantly in the last
few years as evidenced by warranties available on commercial modules of as long as 12
years. However, there is still need for substantial research and testing required to improve
module field reliability to levels of 30 years or more.

Several small groups of researchers are involved in this research, development, and
monitoring activity around the world. In the U.S., PV manufacturers, DOE laboratories,
electric utilities and others are engaged in the photovoltaic reliability research and testing.
This group of researchers and others interested in this field were brought together under
SERI/DOE sponsorship to exchange the technical knowledge and field experience as
related to current information in this important field. The papers presented here reflect
this effort.

Laxmi Mrig
Workshop Chairman
SERI
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Module Field Experience With Austin's PV Plants

John E. Hoffner
City of Austin Electric
Utility Department
721 Barton Springs Road
Austin, Texas 78704

1."Backgroung

The City of Austin Electric Utility Department (The City here

‘after) has installed two, nominal 300-kilowatt photovoltaic

plants which are now belng monitored and tested. The flat-plate
system (PV300) was put into commercial operation in July of 1987
and it has now been monitored for three years. The concentrating
system (The 3M Austin Center PV Plant) was recently dedicated in
March of 1990-and is still going through adjustments and start-
up procedures. The flat-plate system is fully owned by the City
while the concentrator is owned 69% by 3M and 31% by the City. A
comparison of the specifications and plant features is shown in
Table 1. Further details on plant specifics can be found in
references 1,2 and 3. The two photovoltaic (PV) plants are
similar in their peak ratings, therefore it will be an
interesting testing ground for comparlng two, similar sized
photovoltaic plants with widely varying technologies operating in
one City.

The following paper discusses some of the module reliability
issues that have been observed during the first three years of
operation for the 300~kilowatt flat-plate system. At the time of
this presentation the concentrator plant had not been fully
tested and monitored for a reasonable period of time. Therefore,

- module reliability issues related to the concentrator plant are

not discussed in this paper.
2. Description ®
2.1 PV300 Modules (laminates)

After all the modules (sometimes referred to as laminates because
they are unframed) 'had been installed at the PV300 flat-plate
installation in February 1987, all 6160 modules were tested using
a method developed by the New Mexico Solar Energy Institute (ref
4). The objective of the tests was to identify non-producing
modules in the array field. The test procedure consisted of
shading up to three modules and measuring the current through the
group by-pass diode, while the inverter was operating at a fixed
voltage. The testing procedure identified 39 non-producing
modules or a little over 1/2 percent of the modules. The low
failure rate did not raise great concern, because of the low
percentage compared to the field of 6160 modules. However, in

17



W

the follow1ng three months (March, April and May 1987) tests were
carried out again and over 100 non- producing modules were
identified, or over 1% of the field were non-functioning.
Therefore, the number of failed modules appeared to be growing,
and the manufacturer ARCO Solar (now Siemens Solar) assigned a
task force from its factory to identify the cause fcr the
failures and to develop a solution for avoiding future failures.

ARCO staff attributed the module failures to differential

expansion of a the copper busbar which the modules were attached -

to and the plastic cover over the busbar. Small ribbons which
exit from the (+) and (-) end of the modules, are spot wielded to
a copper busbar. A plastic cover is then glued to over the busbar
to protect it from the elements and to prevent personnel from
touching it. During manufacturing the glue that was used to
attach the plastic busbar covers squeezed over the ribbons which
bonded the copper busbar, the plastic cover and the rikbon all
together in a continuous fashion. When the system was exposed %o
the heat of the sun, the copper and plastic expanded at different
rates and the ribbons either sheared, or were sheared-off at the
point of the spot wields. The module (laminate) then became open-
circuited making it a non-producing part of the array field.

ARCO offered the solution of cutting each plastic cover to create
an expansion joint therefore reducing the potential for
differential expansion. By June 1987 all non-producing modules
were replaced, or repaired and the expansion joints were
installed. In July of 1987 when the plant was put into
commercial operation it appeared that the module problem had been
solved. Since that time all modules have been testei at regular
intervals and it appears that the number of ribbon failures has
been decreasing as shown in Figure 2. Only further testing and
monitoring over the next few years will verify that the problem
has been solved.

It is important to note that the failures never affected the
integrity of the modules themselves, merely the exterior
connection point to the busbar. Thus, the modules have been
highly reliable for the first three years of operation. As noted
in an earlier paper (ref 2) the plant has had an availability of
greater than 99% for the first two years of operation and an
average capacity factor greater than 55% during Austin’'s peak
demand periods for electricity.

2.2 PV300 Tracking System

The flat-plate installation is fitted with a passive tracking
system that utilizes 42 Robbin's Engineering tracking actuators.
The actuators consist of a closed-loop system of freon and oil
which tracks the sun from east to west on a daily basis. The
panels are installed horizontally and rotate around a north-
south axis. The trackers were installed to increase yearly
output and to increase power output in the late afternoons (5 or
6 PM) in summer when the City's peak demand period occurs.

18
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teveral preliminary tests were conducted to examine the tracking
accuracy of the passive actuators. A protractor was used to
measure the angle of the suns image that projected through the
cracks between the modules over the course of the day. The angle
measured was the angle of incidence of the sun with respect to
the normal of the flat-plate panels from east to west. The
incident angle with respect to the suns azimuth angle is ignored
because the panels only track in one axis

Tracking accuracy tests were conducted on two dlfferent sunny
days -August 11, 1987 and July 19, 1990 shown in Figures 3 and 4
respectively. As can be seen, the angle of incidence with
respect to the normal of the panels is 10 degrees durlng the peak
sunlight hours from 2:00 AM to 6:00 PM {(CDT). This is considered
to be highly effective since at 10 degrees or less only 1 to 2
percent. of the suns energy is lost due to reflected energy
(cosine 10 degrees = .98). Therefore, the passive actuators are
considered to be reliable for flat-plate, single-axis tracking PV
systems.

During initial start-up and over the first year of operation,
several tracking actuators experienced blow-outs through the
cylinder seals. The problem was attributed to 1ncorrectly
installed O-rings by the manufacturer. After the first year it
appeared that the problem had diminished as shown in Figure 5.
Howpver, several more failures have occurred over that past year
causing some concern. The actuators will be examined and
monitored over the next few years to evaluate their reliability.

Concluding Remarks'

o The reliability of the flat-plate modules has been very high
with a plant availability of greater that 99% for the first
two years of operation.

0 The problem of differential expansion of the busbars and
plastic covers appears to have been solved due to the
downward trend of module failures.

© The integrity of the modules has been maintained throughout
the plant operation.

o Tests on the pa551ve trackers indicate that they are capable
of tracking within 10 degrees of the sun (from east to west)
on sunny days during peak sunlight hours 9:00 AM to 6:00 PM. .

o The failures of the O-rings associated with the passive
trackers appear to be increasing. The actuators will be
closely monitored over the next few years.
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TABLE 1 COMPARISON OF PLANT SPECIFICATIONS

PV300 PLANT 3M/AUSTIN PLANT

SYSTEM TYPE flat-plate linear fresnel concentrator |

|

CELLS single-crystal } single-crystal w/prism covers
CELL EFFICIENCY 14.5 % | 17.5 % ;
ARRAY AREA 2620 sq. M | 2006 sq. M :
TRACKING single-axis | two-axis ;
DESIGN RATING 272 kw AC at soC | 273 kw AC at project conditions ,
i

, !

(NOCT=46.7 C) (cell temp=60 C,1000 w/sq M)
FIELD TEST RATING 250 kw AC at SOC | 250 kw DC at project test ]

MODULES

FIGURE 1

SCHEMATIC OF SOLAR PANELS

4 SETS OF 10 MODULES
IN SERIES

Forty modules, each at 53 watts, are wired together to produce

the desired voltage and current. Ten modules are wired in

parallel. Then 4 sets of 10 modules are wired in series to form the

solar panel.

21
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FIGURE 2 - Number of module (laminate) failures for

the flat-plate system, PV300. Years 1987-1990.
Total field consists of 6160 modules.
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FIGURE 3 -~ Results of passive tracking accuracy test on
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FIGURE 4 - Results of passive tracking accuracy test on
flat-plate system, PV300. Test date July 19, 1989.
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FIGURE 5 - Number of passive actuator failures for the
flat-plate system, PV300. Years 1987-1990.
Field consists of 42 passive actuators.
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Early Experiences of the 15 kW NMPC
Demand-Side Management Photovoltaic Project

Bruce Bailey, Richard Perez, John Doty, Kurt Elsholz, Ronald Stewart
Associated Weather Services, Inc.
55 Colvin Avenue
Albany, New York 12206

and

William Huse
Niagara Mohawk Power Corporation
300 Erie Boulevard West
Syracuse, New York 13202

Summary - The Niagara Mohawk Power Corporation has begun operation of
a photovoltaic system in upstate New York to study the summer peak load
reduction capability of grid-connected PV systems serving commercial

buildings.  The roof-retrofitted system consists of 151 m? of, polycrystalline
silicon module area rated at 154 kW DC, three one-axis trackers, and a high
efficiency power conditioning unit. Preliminary results from the first two
months of operation indicate PV system output is at a high fraction of capacity
when the building experiences its electrical demand peaks. Ongoing studies
are evaluating a cross-section of commercial customer load profiles in terms of
the probability of peak demand reduction.

Introduction

The Niagara Mohawk Power Cornoration (NMPC) has designed and installed
a roof retrofitted 154 kW (DC) PV system in upstate New York for the purpose
of evaluating the summer peak load reduction capability of grid-connected PV
systems serving commercial buildings.  Theoretically, photovoltaics are well-
suited to demand-side management (DSM) because the availability of insolation
coincides well with the typical daily electrical demand curve of commercial
customers. For a minimum 15-month period, the project will study the
practical and technical aspects of PV system operation, including issues
dealing with reliability, power quality, load matching, need for storage, and
maintenance.  Ultimately, the potential benefits of PV-based DSM systems, both
to the utility and to the customer, are to be evaluated for various types of
commercial customers and for other areas of the NMPC service territory where
weather conditions may vary from those at the project site. This paper
presents preliminary performance results from the first two months of
operation, July and August 1990,

47

LN R \|!5"'



ol 1

The PV system consists of: 70 Mobil Solar Ral80 modules (151 m2 collector
area) having a combined rating of 15.4 kW DC at standard test conditions, three
single-axis tracking frames (with horizontal N-S axis) each with a SunSeeker
tracker drive made by Robbins Engineering, and the new high-efficiency
Series 3200 Omnion power conditioning unit (PCU) which features automatic
maximum power point tracking. The PCU outputs to an existing 480V 3-phase
electrical distribution panel within the host building,

A dedicated PC-based data acquisition system, which includes a Cuampbell
Scientific 21X datalogger and two multiplexers, polls 50 sensors every 10
seconds, stores 10-minute averages and runs preliminary data validation
routines. Measurement parameters include: array output, array temperature
and orientation, PCU performance, customer demand, and weather and
insolation conditions. A harmonics measurement system capable of recording
up to the 100th harmonic measures inverter voltage and current output for
one cycle every 10 minutes.

The host building is the headquarters of the New York State Division of
Military and Naval Affairs located adjacent to the Albany County Airport. This
state-owned facility is primarily an office building that experiences a Monday
to Friday midday electrical demand peak. The facility's peak demand is
approximately 560 kW compared to a base load of about 325 kW. The PV system
capacity was determined prior to building selection and thus represents a scale
model of what this particular facility could accept.

Early Resu

Acceptance tests were conducted to verify that minimum system
specifications were met. The specifications included the following:

a) 15 kW DC output (£5%) at 1000 W/sq. m. at 25°C panel temperature,
b) Total system efficiency near full load > 90%.

c) PCU power factor > 0.95 under rated array output conditions and > 0.85 at
25% of rated output.

d) Total harmonic distortion (THD) 