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INTERMEDIATE CONCENTRATION SYSTEMS
FOR TERRESTRIAL PHOTOVOLTAIC PANELS

C. Brent Cluff
Water Resources Research Center
University of Arizona
Tucson, Arizona 85721

ABSTRACT

Experiments using a patented process of in-
termediate concentration (2 to 10x -sun) on
off -the -shelf terrestrial photovoltaic panels
are described. This intermediate concentra-
tion is obtained with segmented parabola col-
lectors. The collectors are cut out of ex-
panded polystyrene, using a hot wire and sur-
faced with inexpensive back surfaced mir-
rors. Collector widths can be varied, up to
4.88 m (16 ft) or more, to give the desired
concentration on a given photovoltaic module.

The use of wide parabolas is made possible
through the use of an azimuth tracking plat-
form. The platform can be floated on a
shallow pool of water, or placed on wheels.
The parabolas are either mounted flat on the
rotating platform and tracked by keeping the
axis pointed at the sun, or cut into 0.61 or
1.22 m (2 or 4 ft) lengths and tracked in an
altitude mode on the azimuth tracking plat-
form.

Active cooling is used to increase the effi-
ciency of the cells and provide a source of
thermal energy to use for domestic hot water
and space heating.

The hybrid systems made possible by the low -
cost intermediate concentrators, open up new
immediate marketing possibilities that need
to be explored.

1. INTRODUCTION

Since 1974 the University of Arizona has been
involved in a modest research program that
has resulted in the development of a low -
cost photovoltaic power system that will meet
the U.S. Department of Energy's 1982 cost
goals.

The system floats on water [as little as 5 cm
(2 in)] which simplifies azimuth tracking.
Since the collection is continuously support-
ed by water, inexpensive materials can be
used for both the platform and the concen-
trator. The basic floating solar collector
is covered under U.S. Patent 4148301 (1).
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2. CONCENTRATOR

The intermediate concentrator is a segmented
parabola which can be built to focus 5 to 10x
suns energy evenly across a 0.3048 to 0.61 m
(1 to 2 ft) wide panel. A 2.44 m (8 ft) wide
segmented parabola is shown in Figure 1.

Fig. 1. Segmented continuous parabolic
intermediate concentrator.

This makes it possible to use commercial ter-
restrial (single sun) panels and subject them
to 5 to 10x suns concentration. The concen-
trators are placed adjacent to each other flat
against the floating platform. The 2.44 m
(8 ft) wide segmented parabola in Figure 1
focuses sunlight on a 0.3048 m (1 ft) wide
receiver extending only 0.38 m (1.25 ft) above
the deck. The photovoltaic panel is faced
downward at the focal point and is only 0.76m
(30 in) above the deck. This low profile mini-
mizes the influence of wind.

This concentrator produces a geometric con-
centration of 6.25. When 80% reflectivity
back surface mirrors are used it produces an
actual concentration of about 5.0.

Other designs can be used to modify the above
design. A 4.88 m (16 ft) wide segmented
parabola with a 0.3048 m (1 ft) wide receiver
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located 1.68 m (5.5 ft) above the deck would
produce a geometric concentration of 14.5.
With 80% reflectivity mirrors it would have
an actual concentration of 11.6. The maximum
height of the parabola would be under 0.84 m
(2.75 ft) .

A programmable calculator can be used to
design the desired system to fit available
commercial photovoltaic panels.

The mounting base for the back surface mir-
rors can be easily cut from a solid block of
expanded polystyrene using a guide and a hot
wire. Two sides can be cut from a block of
foam leaving very little waste material.
This method utilizes inexpensive material as
light as one pound per cubic foot which is
approximately 99 percent air. Since the
only continual loading carried by the foam
is the mirrors the compressive strength of
the material is expected to resist deforma-
tion. Where heavy snow loads are encountered
a higher density or stronger foam might be
required.

In construction of the concentrators the back
surfaced mirrors are bonded to the polysty-
rene with silicone rubber. The mirrors are
completely sealed against the foam so no
moisture can get in behind them. This method
of bonding has been used for over a year with
no apparent degradation. The foam can be
bonded to a metal frame using the same pro-
cess. The bond is stronger than the foam
material.

The mirrors completely cover the surface of
the foam so that the only exposed edge is at
the perimeter. These edges can be treated
with fiberglass reinforced silicone paint or
light -weight aluminum sheets. In either case
there would be no exposed foam thus assuring
a long life.

3. PLATFORM

The platform is made out of polyurethane
foam that is reinforced with a tubular steel
frame to keep it rigid and resist rotational
stresses.

Demonstrational models are usually 8.89 cm
(3.5 in) thick. This thickness allows an
average person to step onto the edge of the
collector without getting their feet wet.
For models in which foot traffic would be
limited a platform 5 cm (2 in) thick would
easily support the collector weight of
approximately 19.60 kg /m2 (4 lbs /ft2).
Where heavy snow loads are encountered or
when thermal energy is to be stored beneath
the platform a greater depth of foam would
be required. The polyurethane is reinforced
with fiberglass and polyester resin. In

addition the exposed surface under the re-
ceiver is covered with sheet metal. This

method of construction produces a relatively
tough platform at a low cost.

4. TRACKING

The smaller models are
sun using a D.C. motor
that is activated by a
type tracker.

rotated to follow the
center pivot drive
commercial shadow bar

Larger systems would be tracked using either
submersible propellers or a water jet coupled
with a peripheral brake. The propeller or
jet would come on and the brake would release
simultaneously with an activating electrical
signal from the tracker.

Peripheral wheels or chains can also be used.
The peripheral chain drive was used on the
first floating collector as shown in Figure 2.

Fig. 2. Peripheral chain drive method of
azimuth tracking.

All tracking systems would be powered by D.C.
motors connected either directly to a P.V.
panel or operate through a low voltage bat-
tery located on the platform. The power
needed to rotate the platform is very low; a
1/28 h.p. motor very easily turns a 23.78 m2
(256 ft2) concentrator. It is expected this
same size motor could rotate a system 3 or 4
times the size. Thus an almost insignificant
part of the power produced would go into the
tracking.

The shadow bar trackers used have a 320°
vision and will pick up the sun in the morn-
ing even though pointing the opposite direc-
tion. After tracking all day it shuts down
at night until the sun activates it the next
morning. Electrical power is removed through
the center pivot point. The 1.25 KWp segmen-
ted parabola concentrator is shown in Figure
3. This system was built using funds from
the U.S. Bureau of Mines. It will power an
irrigation system on coal mine spoils on
Black Mesa in Northern Arizona.



Fig. 3. Azimuth -tracking intermediate con-
centrator in foreground, high concentrator
in background.

5. PHOTOVOLTAICS

Tests have been conducted using terrestrial
panels from Sensor Technology Inc. (now
Photowatt), Solarex, Motorola and Arco Solar.

The first tests were made in the spring and
summer of 1978 using a Sensor Technology high
density panel made out of silicon cells cut
in a hexagonal shape. The lx -sun efficiency

of this panel was 8 percent. It was found
that this efficiency was maintained up to the
maximum 4.7 concentration tested as long as
the panel was cooled. These tests were made
using a non -continuous type of segmented
parabola reported in (2). In the summer of
1979 tests were expanded to include high
density panels from Motorola and Solarex.
In the meantime, a new type of azimuth track-
ing continuous segmented parabola had been
developed as shown in Figure 3. This new
type of parabola was used for the test pro-
gram.

Tests with an improved Motorola panel as well
as the Solarex test panel continued in the
spring of 1980. Both of these panels exhi-
bited similar characteristics as the Sensor
Technology panel except the basic efficiency
of the panels, 11 to 12 percent, was reduced
slightly as the available insolation was in-
creased. The open circuit current in the
Solarex test increased about 4.7 times.
Open circuit voltage remained approximately
the same as long as active cooling was used.
A typical test run is shown in Figure 4 for
the 26.3 x 26.3 cm (10 -3/8 x 10 -3/8 in)
Solarex test panel.

No tests were made above a 4.7x -sun magnifi-
cation due to limited funds. Indications
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Fig. 4. Intermediate concentration test.

are that the most cost effective concentration
could be higher than 4.7x -suns. The higher
concentration level would reduce the number
and therefore the cost of the photovoltaic
panels in any given system.

The Arco Solar panel did not do as well as the
other two panels under 4.7x -suns. This was
predicted by the manufacturer. Due to the
method of encapsulation the Arco Solar panel
is adequate for the lx -sun level for which
it was designed but would require more metal
to carry the increased current under a magni-
fication of more than one sun. The cost of
the increased metalization would be relatively
small in view of the derived benefits.

Both Motorola and Arco Solar are using a poly-
vinyl butyral encapsulant. Each market a
panel approximately 30.5 cm (12 in) wide and
122 cm (48 in) long with side mounting sup-
ports that work perfectly with the segmented
parabola. The panels are mounted as shown
in Figure 5.

A shallow pool of water is maintained on the
back side of the panel at all times. Water
from beneath the platform is circulated by
a low -head thermostatic controlled D.C. pump.
Using this method temperatures close to
ambient could be maintained. Thus it is very
easy to keep the panels cooler in the concen-
trator than they would be exposed to lx sun
without active cooling.

In another mode of operation the panels can
be cooled by evaporating from the exposed
water surfaces on the back of the panels.
With an ambient temperature of 35° c (95° F)
insolation close to 100 mw /cm2 and a relative
humidity of 15% evaporation from the exposed
back - flooded panels kept the temperature less
than 57° C (134° F).



Fig. 5. Uncovered panel in foreground with
glass still covered panel in background.

On one test panel a sloping glass cover has
been added to create a solar still and re-
cover the evaporated water (see Figure 5).
This still was found to increase the cell
temperature from the 57° C (134° F) up to
71° C (160° F). This reduces the efficiency
of the solar cells but provides distilled
water at very little additional cost. Be-

cause of the increased energy available the
still is several times as efficient as a
simple solar still of equivalent area.

The azimuth tracking intermediate concentra-
tor offers several methods of keeping the
panels cool. When there is a demand for the
waste heat an insulated back cover can be put
on the panels and the hot cooling water col-
lected and beneficially used.

This heat could be stored in a water reser-
voir on which the collector floats. This

promising approach is being studied in a
related project (3).

6. ECONOMICS

The basic construction of the floating seg-
mented parabola photovoltaic intermediate
concentrator is inherently simple. The "one
at a time" construction costs of a 7.7 KWp
system using materials bought at retail
prices are approximately $108 /m2 ($10/ft2),

1980 dollars, for the collector system which

includes the cost of the pool. Larger sys-
tems would be less, smaller systems would be
slightly more. It is anticipated that these
costs can be reduced by at least one -half
with mass production and bulk buying of

materials. The cost of the photovoltaic
panels at $13 /Wp is approximately $180/m2
of collector system. Using these panels in
the collector system reduces the overall cost
to $3.50 /Wp electrical in $1980 for the "one
at a time" 7.7 KWp system. Using mass pro-
duced costs for the collector the cost of the
terrestrial panel would only need to drop
60 percent in price from $13 to $7.80 /Wp
to meet DOE's 1986 system goals of $2.00 /Wp.

Arco Solar, a photovoltaic manufacturing firm,
recently advertised panels at $6.33/Wp if
more than 3,000 panels are purchased. With
this price for the panel large systems could
be built now for less than $2.00 /Wp.

7. CONCLUSIONS

The intermediate concentration on terrestrial
photovoltaics offers a method of significantly
reducing the cost of electricity from conven-
tional photovoltaic terrestrial panels. By

increasing the metalization but keeping the
low -cost mounting procedures even greater
efficiencies at concentrations higher than
the 5x -sun tested should be possible. The
intermediate concentration 5 to 10x suns is
an area that has been neglected by the
Department of Energy as well as other re-
search programs. Perhaps the reason for this
was the lack of a low -cost concentrator in
this range. The segmented parabola described
in this paper provides a low -cost concentra-
tion level.

The floating, azimuth tracking units will
work well in the warmer lower latitudes. The

systems have the advantage of maximizing
production per unit area of land and pro-
viding the greatest amount of power in the
summer when it is needed to meet irrigation
and air conditioning demands. The floating
unit is aesthetically pleasing in that it is
low- profile essentially a continuous mirror
collector unlike other solar schemes. The

active cooling of the photovoltaic panels is
simplified using the azimuth tracking
approach.

For colder, higher latitude areas, conven-
tional altitude tracking segmented parabolas
could be used. These would require modi-
fication of the photovoltaic panels for the
active cooling. It would rule out the use
of the wider parabolas requiring the cells
to be mounted in narrower panels.

In spite of its potential financial support
for the intermediate concentration program
has been the limiting factor in its develop-
ment. Sandia as the Department of Energy's
(DOE) lead agency in this area has been
reluctant to provide funds. Unfortunately,
this reluctance affects other potential users
who are not inclined to buy a system in



which DOE has shown little interest. Hope-
fully, this situation will be rectified in
the near future.
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