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Development of Mirror Film for Concentrated Solar Power
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Abstract

Concentrated solar power (CSP) is a renewable energy
source perfect for such unutilized lands as deserts. Mirrors
made with mirror film are easier to use than glass mirrors
because they are lighter, more flexible, and virtually unbreak-
able as compared with glass mirrors, while they are equiva-
lent to glass mirrors in the performance of the novel collector
optics required for accuracy and high light concentration.
However mirrors used in the desert are sun baked in the day-
time and have dew condensed on them nightly, and they
face abrasion from wind-blown sand. Mirrors made with
earlier mirror films were impossible to use on a large scale
because they were not durable enough to survive outdoors,
especially because of low scratch resistance.

Our newly developed mirror film provides high specular
reflectance, excellent resistance to corrosion, and scratching.
We have also developed peripheral technologies for clean-
ing and for sealing the edges of the mirror film. As a result,
mirrors using our mirror film display exceptional durability in
UV exposure, saltwater immersion, and sandblasting tests
that simulate sandstorms. The special cleaning brush we
developed thoroughly cleans but does not scratch the mirror
surface.

Earlier mirror film suffered delamination and corrosion
from the edges, a serious issue in durability. The earlier solu-
tion was to seal the edges of the mirror panels with adhesive
tape, but this was ill-suited to high-volume production. To
enable precise, high-speed sealing for high-volume produc-
tion, we chose an appropriate sealant and designed a special
sealant coating head so that mirrors using mirror film can be
supplied to major-scale CSP plants. Furthermore our sealant
method dramatically improves durability against corrosion
and physical damage.

Our new mirror film stands to greatly contribute to the
spread of CSP worldwide, and thus to the realization of a

world of sustainable energy.
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Fig. 1 A CSP (concentrated solar power) plant using parabolic trough

mirrors ",
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Fig. 2 Multilayer composition of our newly designed mirror film (sun-
light enters from the top of the figure).
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Fig. 3 Anultra-accelerated weathering system (UAWS) was used for test-
ing in the Arizona desert, U.S.A., with the apparatus shown. Our
UV energy exposure test, corresponding to 25 years exposure,

was achieved in about 6 months 234,
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Fig. 4 Results of the UAWS exposure test of our mirror film. No degrada-
tion of reflectance is observed against a UV dose of 8,625 MJ/m?,
equivalent to 25 years exposure.
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Fig. 5 Artificial soiling and cleaning tests. The upper-left image shows a
mixture of water and soil sliding down over a tilted conventional
glass mirror. The lower-left image shows the same over a mirror
using our mirror film. The soil spreads everywhere over the sur-
face of the glass mirror, but mirror film is water repellent so that
the water and soil forms droplets. These droplets gather in small
areas for a minimal loss of reflectivity, even without cleaning.
Further, soil on the mirror film virtually disappears after wiping,
whereas the glass mirror fails to come completely clean.
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Fig. 6 Virtual sandstorm test. To simulate desert sand, a sandblast test
was carried out using very fine glass beads. The test conditions
were designed based on our experiences in Abu Dabi: wind
speed, 20 m/sec; tilt angle, 60°; blasting duration, 15 sec.
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Fig. 7 To allow comparison, half of each sample was covered with mask-
ing tape in the sandblast test in Fig. 6. When the masking tape was
peeled off, smooth surfaces appeared black, while damaged sur-
faces appeared milky white due to light scattering. In this test, the
glass mirror was damaged but the mirror using our mirror film
was not, indicating higher resistivity.
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Fig. 8 Salt water immersion test. A mirror using the mirror films of a
competitor and one using Konica Minolta’s mirror film were
soaked in 3.5% salt water. After 21 days, the competitor’s mirror
had completely delaminated, but after 145 days the Konica
Minolta mirror showed no change, thanks to the mirror film's an-
chor layer.
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Fig. 9 Safe cleaning. Our cleaning brush allows a wide, safe range of
brush pressure and brushing distance, brushing away dirt with-
out scratching. The narrow safe range of a conventional brush
means there is always the danger of the mirror either remaining
dirty or being scratched.
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Fig. 10 Konica Minolta’s cleaning method on a large scale. Our brushes
have been mounted on vehicles and used in actual trough

cleaning?.
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Fig. 11 L-shaped mirror film/substrate seal at design dimensions.
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Fig. 12 A nozzle head for L-shaped sealing applies sealant both to the
surface of the mirror film and to the edge that the film shares
with its substrate.
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Fig. 13 Cross-sections measured by laser of the sealant on an actual mir-
ror film on substrate. The shape and dimensions of the seal are
maintained closely along the entire length of the seal.
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Table 1 Environmental test results of sealant materials. Sealant materi-
als A and B passed environment testing.

Material A B C D
Test a) Excellent  Good Poor Poor
Test b) Excellent  Good Poor Poor
Test ¢) Excellent  Good Good Good
Test d) Excellent  Good Poor Good
Test e) Excellent  Good - -

In conformity with International standard IEC62108 (Concentrator
photovoltaic (CPV) modules and assemblies - Design qualification
and type approval)

a) Thermal cycling test (Part 10.6) d) Salt spray test (ISO9227 NSS)
b) Damp heat test (Part 10.7) e) Ultraviolet exposure (6900 MJ/m?)
c) Humidity freeze test (Part 10.8)
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Fig. 14 Tensile strength after durability test. After a thermal cycling test
or a damp heat test, tensile strength is lower than at initial level.
However, the tensile strengths of sealing materials A and B are
within the allowable range.
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Fig. 15 Cleaning apparatus used in sealant durability test, in which seal-

ant is put under great stress from a moving cleaning brush for
over 1,000 cleaning cycles.
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1) http://www.acwapower.com/project/15/bokpoort-csp-proj-
ect.html

2) http://atlas-mts.com/services/natural-weathering-testing-
services/accelerated-weathering/ultra-accelerated-exposure-
testing/

3) Ultra-Accelerated Weathering System I: Design and Functional
Considerations Henry K. Hardcastle, Gary J. Jorgensen,
Carl E. Bingham (European Weathering Symposium)

4) Photo by Courtesy of Atlas Material Testing Technology LLC

5) Photo by Courtesy of Fermupe.S.L
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