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Ih'I'ERMEDIATE PHOTOVOLTAIC CONCENTRATOR SYSTEMS

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

ABSTRPCT

A 53.5 sq m (576 sq ft) 3,000 WO second
generation intermediate concentrator system
has been constructed using funds provided
by the U.S. Department of Energy concen-
trates approximately 4.5x -suns on Nbtor-
ola's lx -sun, 33.0 cm (13 in) wide panels.
The panels are actively cooled by circu-
lating water from the shallow pool on which
the collector floats. Azimuth tracking,
made possible by the water bearing, is

used.

The lightweight collector can float on as
little as 2.5 to 5 cm (1 to 2 in) of water.
The segmented parabolas are cut out of

blocks of expanded polystyrene with a hot
wire. The width of each mirror segment is
selected so as to reflect a full beam of
light across the receiver. By using a
laser for mirror alignment, optimum con-
centration is achieved . The use of the
laser alignment makes it possible to build
larger parabolas with widths of 6m (20
feet) or more. Collector and /or photo -
voltaic panel widths can be varied to a-
chieve any desired concentration up to

about 20x -suns.

For the lower latitudes the use of large
floating modules tracked in an azimuth mode
continues to look intriguing. For the high
latitudes narrower collector widths can be
used and tracked in the more conventional
altitude tracking mode.

In the 2 to 10x -sun range terrestrial
(lx-sun) photovoltaic panels appear to be
the most cost effective, particularly in
the smaller system sizes. The use of 10 to
20x sun concentrator cells with low -cost
methods of mounting, look promising for
large photovoltaic systems.

The above concentrator systems are actively
cooled, which increases cell efficiency
and /or rakes it possible to sell low temp-
erature thermal energy, which further
improves the economics of the system. The
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thermal energy can be stored in the water
on which the collector floats.

1. INTRODUCTION

Beginning in late 1974 the University of
Arizona has been involved with the devel-
opment of floating solar collectors (fluff,
1978). The first large floating collector
was floated on an 8.5m (28 ft) diameter
platform with five 1.22m (9 ft) wide that
were 6.1m (20 ft) long. This system pro-
duced thermal energy. Subsequent systems
have been built using intermediate concen-
tration. This concentration is defined as
anything beteen 2 to 20x suns. This con-
centration is obtained using uniquely des-
igned segmented parabolas using flat mirror
segments of varying widths so that each
mirror reflects a uniform beam of light
completely across the linear receiver.
(Cluff and Call, 1980). Two patents have
been granted concerning the unique features
of these developments (Cluff, 1979) ( Cluff,

1981).

The intermediate concentrators use com-
mercially available back -surfaced flat
mirrors. The mirrors are mounted on ex-
panded polystyrene foam which is pre -cut
using a hot wire. Since the mirror com-
pletely covers the surface of the foam only
the edges are exposed to sunlight. As long
as the back- surfacing of the mirrors are
properly protected the system appears to
have a long life.

Following the testing of experimental mod-
ules the first prototype floating inter-
mediate photovoltaic concentrator (FIPC)
was a 1250 cop unit built using funds pro-
vided for by the U.S. Bureau of Mines.
This unit consisted of four 2.44 x 2.44 m
(8x8 ft) concentrator modules bolted to-
gether. Azimuth tracking was achieved
using a center pivot drive actuated by a
shadow bar tracker. (Cluff, and Call,
1980) Six 40 watt and four 20 watt lx -sun

panels approximately 33.0 an (13 in) wide
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manufactured by Motorola were used. The

unit had a geometric concentration of 6.25
with a actual concentration of about 4.3
when 70 percent reflective back surface
mirrors are used. The unit was built and
tested at the University of Arizona before
being moved to Black Mesa near Kayenta Az.,
to provide power for pumping for a exper-
imental water harvesting system located on
coal mine spoils.

2. GENERAL DISCRIPTIOtv OF SECOND
GENERATION MODEL

Using funds obtained from The U.S. Depart-
ment of Energy through Sandia Laboratory an
improved second generation 3,000 Wp model
was built. This system used nine 2.44 x
2.44m (8x8 ft) modules bolted together to

form a 7.32 x 7.32m (24x24 ft) collector
area. Skirt areas were filled in with
floating platform panels to complete a

10.36m (34 ft) diameter circle. This col-
lector floated in a 10.36m (35 ft) diameter
pond.

3. POOL OF TRAGKINO, SYSTEM

In connection with earlier collectors much
effort was expended in developing an ac-
curate inexpensive center pivot drive.
Several different tracking systems were
tried but none have been completely satis-
factory. For the second generation 3,000
Wp collector a new type of peripheral drive
was designed. This peripheral drive is

shown in Fig..1.

Fig. 1 Peripheral Tracking Device Rides on
Outer Rim.

It rides on a curved steel rim that forms
the 15.24an (6 in) deep pool of water. A
1/28 hp 12 -volt DC motor is all that is

required to move the collector. The center
pivot point was constructed using a
10.16cm (4 in) vertical pipe that is cen-
tered using steel spider straps connected
to the rim. This method worked quite well
and allows for the portability of the pool
and concentrator system. No concrete is

needed in the installation.

A hypylon rubber liner was used to line the
pool. Earth covered plastic could be used
in permanent installations but this
collector system was made to be portable so

a more expensive liner was used. Even
with the hypylon liner the cost of

constructing the shallow pool of water is
less than 5 percent of the total cost of
the collector. Existing ponds lakes

and /or tidal areas could also be used
making a liner unecessary.

The shadow bar tracker used in the testing
phase is manufactured by Sunpower Systems.
Ìt has a 320 degree vision and will pick
up the sun in the morning even though
pointing essentially in the opposite dir-
ection. After tracking all day the col-
lector shuts down at night until the next
morning when it rotates back to the east to
track the sun.

4. CONCENTRATOR MODULES

A improved design was used to build the
basic 2.44 x 2.44m (8x8 ft) module used
for the second generation collector. In-

stead of using resin and fiberglassed
polyurathane for the floatation layer
3.81an (1.5in) sheets of closed cell ex-
truded polystyrene (styrofoam) were used.
This greatly reduced costs of both labor
and material.

The method of construction was to make up a
frame of 16 -gage 2.54 x 3.81cm (1x1.5in)
rectangular steel. The frame was
pre -assembled to assure a proper fit. See
Fig. 2.

Fig. 2 Rectangular Steel Reinforcement
Used in the Foam Platform.

The steel frame was then dis- assembled.
No modifications were needed. Subsequent
units built will not need this phase. The
inner steel frame of each module was filled
with expanded polystyrene which was bonded



to the side of the frame with silicone
mastic. The styrefoam sheets were bonded
to the bottom of the frame filled,with foam.

Then the modules were turned over, and the

hot- wire -cut expanded polystyrene was

bonded to the top of the module. The mirror
strips were then bonded to the pre -cut foam
to complete the reflective parabolic mod-
ule. The area directly under the receiver
not covered by mirror was protected using a
trough made out of galvanized steel. The

modules were then floated on the pool of

water and clipped together to form a con-
tinuous collector. This process is shown
in Figure 3.
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Fig 3.

Together
Connecting Floating Modules

5. PHO'InVOLTAIC RECEIVrFtS

Intermediate concentrator tests have been
made beginning in 1978 on lx -sun photo -

voltaic panels from Sensor Technology Inc.
(now Photowatt), Solarex, Arco Solar and
Nbtorola. All panels responded with in-
creased power at increased concentrations
(Cluff and Call, 1980). Motorola panels
were selected to be used for 3,000 Wn col-
lector on the basis of acceptable panel
width, cost, packing density, and power
output using intermediate concentration.

The 33.0 x 121.9cm (13x48 in) Motorola
panels were purchased without frames. This
was the only modification to the standard
production run lx -sun panels that was used.
The panels were bonded to the bottom of a
welded frame made up of 5.08cm (2 in) deep
aluminum channels. Each of the frames was
33.Oan (13 in) wide by 3.66m (12 ft) long
and held three panels. The panels were
bonded to the frame with silicone rubber to
form a water tight bond. They were further
secured using aluminum angles bolted to
the frame. Two of the frames making a
total length of 7.32 m (24 ft) were used
with each row of collector modules. The
panels were suspended above the reflectors

using a specially designed pedestal support
that minimized light interference. The two
frames were joined together so that water

could flow from one to the other. This
made it possible to maintain a continuous
layer of flowing water running over the

back of the photocells. Te cooling water
was pumped at one end of the collector
troughs from the pool of water on which the

collector floated and returned to the pool
on the opposite end of the collector. The

flow rate was set to achieve a maximum
photovoltaic cell temperature less than

approximately 40 degrees C (104 F). This

temperature is cooler than cells normally
are when placed in a lx -sun panel. Thus,

there is a increase in voltage. This, to

some extent, makes up for the reduced
fill -factor of the power curve which is

caused by increased resistance of the panel
due to the higher concentration. The
completed system is shown in Figure 4.

Fig. 4 Completed Second Generation System

Initial tests showed that the concentra-
tion of sunlight was below the expected
level of 4.5. This level is based on a
geometric concentration of 6.36 and a

reflectivity of 0.70. Subsequent testing
indicated that not all of the light was
hitting the target. A laser method of
alignment was employed to align the mir-
rors. After using a laser the concen-
tration of light on the receiver of an
module increased close to 4.5 even at low
sun angles.

6. REFLECTIVE SURFACES

The 2.38mm (3/32 in) back- surface mirrors
used on the collector were obtained from
Gardner Mirrors. Originally it was planned
to use 2-mil plastic with a gummed back to

waterproof the back surface of the mirror.
This material is commonly used on the lock
of mirrors placed in doors as a safety
feature. However, it was discovered that
the material had to be applied with a ma-
chine otherwise air was entrapped between



the plastic and the back- surface of the

mirrors. Since funds were not available to
purchase the machine, the back- surface of

the mirrors was coated with silicone
mastic. A few of the mirrors were coated
with silicone paint. Unfortunately at that
time it was not known that the solvents in
the silicone would attack the
back- surfacing of the mirrors.
Therefore,there was no long term curing of
either the parabolic base or the silicone
coated mirrors prior to bonding them down
with silicone. Within a month or so after
installation some permanent damage to the
back surface of the mirrors was noted over
areas that had an excess amount of silicone
applied or where there were bonded surfaces
on the parabolic base. It was estimated
that a ten percent overall reduction in

reflectivity was caused by this damage.

Various coatings have since been found that
will protect the back- surface of the mir-
rors from (1) damage from the curing sili-
cone and (2) damage from moisture. Gardner
Mirror Corp. has indicated they could
supply an acrylic coated back- surfaced
mirror for an additional 40 percent of the
cost of the mirrors. The coating was de-
veloped for heliostats in central receiver
solar %systems. In addition to this acrylic
coating_ it was found that enamel paints
could be used. They seemed to work better
than some latex paints. Any coating used
should be applied after the mirrors are cut
so that edges can also be protected.

Originally it was felt that the mirrors
must be bonded to the foam so that no

moisture could get behind the mirrors.
However, as an experiment this past winter
mirrors have been left unbonded to the base
with no protective coating. These mirrors
are visually undamaged even though the
rainfall has been above formal and there
has been almost daily frost. One approach
that needs to be tried is to use a minimum
amount of bonding and allow the
back- surface of the mirror to "breathe" and
thereby avoid harboring of toxic gases or
continuous moisture.

The other approach is to seal the mirror
completely so that no water can get in.

This can be done if care is exercised and a
fine bead of silicone is used where each
mirror strip is bonded to the adjacent
strip and to the base in the contact area
between the mirrors.

7. OPERATION EXPERIENCE

The intermediate concentrator has been
operated for approximately nine months at
the time of this writing. It has gone
through a summer and winter season.

The operation of this floating collector
has proven the validity of the concept.
The collector has remained very stable in
high winds. It has not bobbed up and down
in the wind as some people predicted it
would. It appears that the system will
continue to track in winds up to at least

50 mph. The system is designed so that in
very high winds, 60 to 70 mph, the winds
will re -orient the collector so that the

troughs are parallel to the direction of

the wind. This is a minimum stress direc-

tion.

In the winter the open water on the back of
the receivers froze on many nights without
damage to the receivers. There was damage
to the manifold pipe leading to the recei-
vers when the draindown system malfunct-
ioned. There was no ice in the perimeters
around the pool as long as the collector
was operated. This lack of ice was due to
the residual heat in the water the cooling
of the photovoltaic panels. All except the

outer 15 co (6 in) of the pool is covered
with a minimum of 7.5cm (3 in) of foam.

This insulation plus the waste heat gener-
ated from the collector was sufficient in
Tucson's mild climate to prevent ice form-
ation around the edges of the collector.
In colder climates the use of an additional
protective shroud over the outer perimeter
of the pond would be advised.

The photovoltaic panels performed satis-
factorily. On at least one occasion they
were operated dry in the middle of the day
in the summer with no cooling water. Ther
was no visible damage to the cells or pan-
els. However, on another occasion the col-
lector was manually moved into focus before
the cooling water reached the last three
panels in one of the concentrator rows.
The cool water hitting the hot photovoltaic
panels created unequal stresses in the
tempered glass cover. The glass shattered
on three of the panels. Because funds were
not available to replace the panels they
were left on the concentrator. In spite of
the shattered glass the panels have con-
tributed some energy to the total output
from the collector. As soon as funds can
be obtained the panels will be replaced.Nb
additional panels have been damaged since
operation procedures were adjusted to avoid
running water over a previously dry panel
in concentrated sunlight.

For most of the test period the collector
has been directly connected to a 36 volt,
1.5 HP, D.C. pump that recirculated water
through a 1.5m (5 ft) tank. In the summer
of 1981, the two leads caning from the col-
lector were connected to standard leads
taken from an arc welder and the unit was
used as a D.C. arc welder. It worked fine
in bright sunlight for a 3 or 4 hour period



as long as the proper welding rod was used.

With the installation of a sprinkler at the
center of the system to simplify cleaning
the operation of the floating system will
be relatively simple. There appears to be
no reason why the system with minor im-

provements could not be set up in a back
yard or roof top to provide both thermal
arai electric energy for a home. Larger
systems could be set up to provide electric
and thermal energy for subdivisions or
industries. On a large scale the thermal
heat can be stored in a deeoened pool of
water on which the concentrator floats.

(Cluff,1977) (fluff and Kinney, 1980)
Computer analysis has shown that if addit-
ional insulation is used thermal energy in
the summer can be stored and used in the

winter.

8. ECONOMICS

The cost of designing and building the
one -at -a -time second generation system
using the workshop at the water Resources
Research Center Field Laboratory was
within the estimated construction budget of
approximately $22,000 up until the receiver
frame's were_ built. Originally 2 weeks of
time was budgeted for this job. It took
over 2 months. Now that the desgn and
construction method has been perfected it
is felt that this time could be reduced to

a week or 10 days if another one -at -a -time

system of the same size were built.Material
costs are relatively low, in the order of
$5.00 per square foot for the
do- it- yourself system. If the systems were
mass produced and volume buying were
used,then costs would be significantly
lower.

The use of a inexpensive laser ($300)

mounted on a surveying tripod to exactly
align reflective mirrors has proven to be
an essential step for the one -at -a -time

systems. This alignment does not consume
much time since the mirrors can be easily
adjusted with a light sanding of the base
foam material. In a mass produced system
where the foam is molded in a parabolic
shape it may be possible to eliminate this
step. If the thermal heat from the col-
lector is utilized it will significantly
reduce and in some cases completely amor-
tise the cost of the low -cost concentrator
so that the solar panels in effect get a
free ride.
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