A nano coating material that generates
more electricity in solar power systems
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Purpose of this technology

- In the areas affected by the Fukushima nuclear accident,
at a reactor run by TEPCO, mega-solar power projects
have been undertaken one after another with the aim of
effective land use.

- The introduction of a feed-in tariff system for renewable
energy since 2012 has accelerated the trend.

- This technology aims to introduce and disseminate
coating material that is expected to reduce maintenance
costs of mega-solar power systems and improve durability
of solar panels.

- Key constituent technologies of this coating material:
- *Anti-static, soll resistance effects

- *Improvement in transmittance (anti-reflection)

- *Heat dissipation



Effects and purposes of constituent
technologies

Anti-static, soll resistance technology

- Anti-static effect prevents adhesion of soil (yellow sand,
volcanic ash, PM 2.5, etc.) on a surface, allowing for offsettlng
decrease in power generation.

Technology for improving transmittance (anti-reflection
technology)

-Surface coating reduces light reflection and absorbs more light,
allowing for generating more electricity.

Heat dissipation technology

- Heat dissipation coating lowers the temperature of a solar panel,
allowing for offsetting the decrease in power generation caused
by temperature rise of the panel, and preventing aging/thermal
deterioration of the panel.



Requirements for soll resistance
(anti-static effect, surface properties)

Locations of mega-solar systems and types of soll

Decrease Iin power generation occurs when mega-solar systems
are installed:

— In areas where volcanic ash falls (Sakurajima,
Shlnmoedake etc.). Major soil: volcanic ash

- b — Along highways with high traffic. Major solil: exhaust gas
and iron powder

- ¢ — In areas with high pollen counts. Major soll: pollen

- d — In areas where yellow sand falls. Major soil: yellow sand
and exhaust gas

— In areas where sandstone beds are exposed. Major soil:
sand

- f—In industrial areas. Major solil: exhaust gas, iron powder, etc.



M Need for anti-static coating

Yellow sand requires particular attention among soils because it is electrically charged while floating in the air in the
form of microparticles, and flows into Japan in a state wherein it readily adheres to materials.

During peak periods when yellow sand is always falling, it adheres to solar panels more readily when water used
for cleaning panels dries out and undermines cleaning effects. On the other hand, increasing cleaning frequency
results in higher maintenance costs. Therefore, if solar panels are installed in such an area where they are always
exposed to soil with little cleaning effect, they need to have anti-static coating with improved soil resistance that
reduces the need for cleaning. In this regard, the solar panel market around the world has faced a challenge of
decreased power generation caused by sand in desert areas. In deserts with little rainfall and dry air, sand is
electrically charged and readily adheres to solar panels. This situation requires solar panel glass that has a soll
resistant surface with anti-static effect.

When several types of soil combine with each other, they adhere to materials more readily. For example, in
industrial areas in China where both exhaust gas and yellow sand are generated, sticky, hard-to-remove organic
sail consisting of oil from exhaust gas and yellow sand accumulates on solar panels, resulting in decline in power
generation by more than 20%.

Furthermore, in terms of maintenance, the use of tap water, not deionized water, for cleaning causes a problem.
When solar panels are cleaned with running water, minerals such as chlorine and calcium contained in tap water
accumulate on the panel surface, resulting in a decline of light transmittance.

Solar panel on which yellow sand accumulated again after
cleaning water had dried out

Solar panel with yellow sand accumulation




Bl Features required of anti-static coating

Anti-static coating of solar panels is required to have the following features:

* Long-term weather resistance

In general, solar panels are installed at an angle of 20° to 40°, and are required to have resistance against soll
accumulated on the surface. Solar cell modules are claimed to have a lifetime of 20 to 30 years and, therefore, surface
coating is also required to ensure this durability.

* Heat resistance

In general, solar panels are installed at an angle of 20° to 40°, and are required to have resistance against soll
accumulated on the surface. Solar cell modules are claimed to have a lifetime of 20 to 30 years and, therefore, surface
coating is also required to ensure this durability. The surface temperature of solar panels often reaches 70°C to 80°C due
to absorption of heat. If long-term heat resistance is an important factor, it is desirable to use inorganic materials for solar
panels. It is difficult to use organic materials because of the requirements for durability in high-/low-temperature cycles and
resistance to ultraviolet rays.

« Anti-static effect

According to test results in a desertin China, an anti-static solar panel with a surface resistivity of 108Q generated over
10% more electricity as compared to that of 10°Q and an uncoated solar panel. Therefore, it is desirable to use solar
panels with a surface resistivity of 108Q or less to ensure anti-static effect.

Coated panel with a surface Coated panel with a surface
resistivity og?SQ resistivity of 10°Q
T ¥ 1 I ‘

=




- Evenness of panel surface

If a panel surface has asperities larger than the size of soil particles, they adhere to the panel more
readily. Therefore, it is required to minimize surface asperities. For example, the smallest size of yellow
sand that travels to Japan is less than 1 micron. To prevent adhesion of such small soil particles on
solar panels, it is required to remove asperities on the nanometer scale.

- Light transmittance

The surface coating that decreases transmittance means a decline in power generation. Therefore,
coating material that may deteriorate transmittance must not be used. It is desirable to use a low-
refractive-index material that increases transmittance as discussed later.

« Hydrophilic surface

It is desirable to use a hydrophilic coating. On a hydrophobic surface, soil tends to gather into water
spots generated when water evaporates, and remains on the surface. In a comparative test of solar
panels for two months in China, a hydrophilic, anti-static solar panel had a less than 1% decline in
power generation, as compared to about 6% of an uncoated panel and more than 10% of a water-
repellent panel. Most water-repellent coatings are fluorine-based, and the insulation properties of
fluorine may affect the adhesion of soil. Water-repellent coatings that help remove soil are effective
when maintenance is done with a higher frequency, but hydrophilic anti-static coatings have a greater
effect against accumulation of soil from the air.

Hydrophilic surface with contact angle of 5° or less




BIncrease of transmittance by Anti-Reflection (AR) function (multi-layer coating of
low/high refractive films that improves transmittance at a particular wavelength)
Increase of transmittance by low-refractive film

To increase the amount of power generation as much as possible, a solar panel needs to
control refraction so as to reduce reflection of sunlight from a glass surface and loss in energy.
Using the characteristic that light refracts at an interface between two different materials
increases transmittance through the glass surface of a solar panel.

As shown in the figure below, a low-refractive-index film with special coating allows light that
normally reflects on a surface to pass through it. Like this, just by applying a special coating on
a transparent substrate such as glass increases light transmittance. The lower a refractive
index is, the more transmittance a substrate gains. Therefore, it is desirable to apply a coating
with as low a refractive index as possible.

Sunlight
1

I~ / unlight
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Left: Coated surface looks black with less reflection
and increased transmittance.




B Advantages of AS-LR coating

An Anti-static Low Refraction (AS-LR) coating is designed for solar panel glass with an anti-
static effect and a low-refractive-index (patent application filed in April 2010).

The AS-LR coating combines an anti-static (soil resistant) effect and a low-refractive index
with the advantages of an inorganic silica binder of high transparency, fast-drying and curing
at room temperatures, excellent adhesion, weather resistance and super-hydrophilic
properties. These features are achieved by use of silica particles of different sizes less than
10 nanometers and tin oxide particles with a diameter of 2 nanometers. A low-refractive index
coating increased visible light transmittance through glass by more than 3% from 91% by
single-side application, and by more than 7% by double-side application.

On an acrylic panel, 99% of transmittance was observed by double-side application.
Similarly, an increase in transmittance by more than 4% was observed on a PET film from
85% to 89%, and on a polycarbonate film from 90% to 94%.
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Multi-layer coating of low/high refractive films that improves transmittance at
a particular wavelength

The wavelength at which solar cell modules generate power depends on manufacturers and types
of modules. For example, a thin-film solar module generates power at 500 nm, a polycrystalline
one at a near-infrared wavelength of 800 nm to 900 nm, and another at 700 nm to 800 nm. Using a
multi-layer coating consisting of low- and high-refractive films allows for increased transmittance at
any wavelengths that individual module manufacturers use, and accommodates different types of
solar panels. The figure below shows a single-side reflectance of a low-refractive single layer
coating, a double layer (multi-layer) coating of low/high refractive films, and a glass substrate.

The data shows that a low-refractive single layer coating has lower reflectance on the whole as
compared to a glass substrate, meaning that transmittance increases through the entire
wavelength range. A decrease of reflectance by 2% broadly means an increase of transmittance
by 2%. Strictly speaking, light energy is a total of light transmittance, reflectance and absorption,
but absorption is negligible in white glass panels used for solar cells. In a comparison between a
glass substrate and a multi-layer coating, a glass substrate has lower reflectance up to 520 nm,
while a multi-layer coating has lower figures at a higher wavelength, particularly below 0.5% at 669
nm and higher.
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B Changes depending on film thickness of AS-LR coating

The wavelength at which solar panels generate power depends on manufacturers.

In general, thin-film solar panels achieve the highest power generation efficiency in the visible
light range around 550 nm, while polycrystalline ones work best at 800 nm to 900 nm. Therefore,
the amount of application of coating needs to be controlled so that individual solar panels have
higher transmittance at suitable wavelengths.

The graphs below show the changes of transmittance
depending on coating film thickness. As more coating is
applied, the wavelength with the peak transmittance shifts from
ultraviolet through visible to infrared range.

The right picture shows changes in color depending on film
thickness. It is important to control the film thickness of an
AS-LR coating evenly on the nanometer scale.
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Bl Application of AS-LR coating: Example 1
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A Chinese solar panel manufacturer achieved an increase in power generation by about
2.2% from 186.719 W to 190.796 W by use of an AS-LR coating. Another manufacturer
in Northeast China achieved an increase by about 3.4% from 19.419 W to 20.091 W.

A manufacturer in Southeast Asia achieved an increase by 2% in an environmental
exposure test, and by 4% by mechanical application.



B Application of AS-LR coating: Example 2

After application The pictures show an example of
Before application application of AS-LR coating in a

: mountainous area in Northeast China. At
six months after application, an effect
against sand soil was clearly observed.
Before application, the glass panel was
covered with sand and had a lower power
generation efficiency by more than 10%.

The result of an outdoor exposure test in
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Test result: An outdoor weathering test was performed for about two months on a
general panel, and a panel coated with AS-LR by hand. Both panels were
manufactured at the same time under the same conditions. As compared to the
general panel, the coated panel had little decline in power generation efficiency.
However, application by hand is complicated work and requires a skilled worker.


http://www.youtube.com/user/MiyakoRoller
http://www.youtube.com/user/MiyakoRoller

The tables show the comparison of the
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B Application of AS-LR coating: Example 3: Measures against hot spots

@ Test conditions: September 3, 2013

Weather: Sunny
Measurement time: From 10:00 to 11:00

Test place: Hachioji, Tokyo, Japan

In the right picture above, the areas with stickers were hot spots that had higher temperature by

30 °C to 45 °C than that of other cells.

This is probably because sand and other soil that had accumulated at the ends of the cells caused
a sharp increase in temperature as compared to the surrounding areas (see picture below). As
shown in the upper area of the picture below, areas to which sand and soil adhered had an
increase in temperature of more than 5 °C as compared to those without soil.




B Room-temperature heat dissipating technology
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Solar panels generate more power with a decrease in temperature
while generating less at high temperatures. This means that the
output varies depending on temperature (decreasing with a rise in
temperature), even if solar panels of the same size receive light of
the same intensity. An international standard requires that the
specifications of solar panels described in catalogues be measured
at 25 °C. With reference to 25 °C, the output changes by 0.4% to
0.5% with a temperature change of 1 °C. For example, at 35 °C, the
difference in temperature of 10 °C decreases the output by 4% to 0 — : T :
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In a crystalline silicon wafer,
power efficiency declines by 0.4% to 0.5% per 1°C
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Based on this, solar panel manufacturers claim that their panels A Temperatre ¢ ©) T
have a 20% loss in power generation in summer and 10% in winter.

A technology to dissipate heat is required to control a rise in
temperature. Heat moves by means of conduction, transfer and
radiation.

Thermal conductivity
Japan Nano Coat has blended a heat-dissipating coating made of “"g‘;f;‘-’f" 308’3’/_m;;)()0
carbon nanotubes (CNT) with the highest thermal conductivity (heat Samond 1000 = 2000
transfers easily) and good emissivity with our inorganic binder that Ag 420
can be used at room temperatures to develop coating materials Cu 398
designed for a variety types of substrates. As shown in the table of Au 320
thermal conductivity, air is a key factor that influences the ;\; fgg
performance of a heat-dissipating coating. Air (pores) left inside a ~Stainless 16.7 - 20.9
coating film and on a bonding plane has a thermal insulating effect SiO2 (crystal) 8
and undermines heat dissipation. Japan Nano Coat developed a po|y'gf§aate 0‘24
coating film with as small pores as possible by filling the spaces T T 021
between CNTs with particles to improve thermal conductivity. A 00241




B Advantages of AS-CNT coating, and room-temperature heat-dissipating coating

Anti-static Carbon Nano Tube (AS-CNT) coating can be applied at room temperatures. It offers
thermal dissipation, static prevention, abrasion resistance and chemical resistance (patent
application was filed in January 2013).

When applied to a glass plate as anti-static coating, AS-CNT achieves a surface resistivity of 10°Q
at a visible transmittance of 70%. As a heat-dissipating coating, it offers a significant decline in
temperature at low temperatures, and is useful to prevent burn by electrical home appliances. The
coating film is formed at room temperatures, allowing for use in plastic articles that cannot be
processed with much heat, including solar cell backsheets.

AS-CNT also delivers good adhesion to acrylic, PET, PC and other substrates.

*Primer needs to be used in some cases.

Please watch a video of the heat-dissipating effect of AS-CNT at:
http://www.youtube.com/user/JapanNanoCoat
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Thermography of heat dissipation test of solar panels

§00° RN AR 33.1°C = #GFLIR

Temperature
difference of
5.2°C
43.6°C $FLIR 39.9°C SFLIR
— Temperature

difference of Test condit_ior_ls: June 28, 2013; Temperature: 26°C;
o Wind velocity: 4 m
3.7°C Weather: Cloudy, occasionally sunny
Measurement time: From 14:00 to 15:00
Test place: On the rooftop, Miyako Roller Industrial Company

43.4°C S ELIR (Left) Uncoated solar panels (Right) Solar panels with heat-
- dissipating coating. Temperature differences of 4°C to 8°C
were observed around 40°C.

Temperature
difference of There is a variation in temperature differences because
4.5°C measurements were performed during a short sunny period

under the effect of wind, but it is obvious that the coated panels
had a decrease in temperature.

Additional test: September 12, 2013; Temperature: 31°C;

Additional test Wind velocity: 3 m _
Weather: Sunny; Measurement time: 14:40

46.7°C GFLR

OFLIR

Tgmperature Test place: On the rooftop, Miyako Roller Industrial Company
_¢_ difference of
7.1°C Please watch the video of tests on YouTube:

http://mwww.youtube.com/watch?v=d zAjLDrtZQ
http://www.youtube.com/watch?v=sczXHvTvz5A
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http://www.youtube.com/watch?v=d_zAjLDrtZQ
http://www.youtube.com/watch?v=sczXHvTvz5A

Evaluation of heat dissipation from solar panel with time

Test conditions: July 27, 2013, Saturday; Daily maximum temperature:
31°C; Wind velocity: 3 m
Weather: Cloudy and occasionally sunny with thunderstorms (for
about 30 minutes from about 14:40)
Measurement time: From 11:00 to 16:30
Test place: On the rooftop, Miyako Motor Industrial Company
Measurement method: Temperature data logger “Thermochron”
Measurement position: On the top center of the panel
(see pictures below)
Direction of panel: Westward (see picture on right)

Test of heat-dissipating coating; Date: July 27, 2013; Place: Souka, Saitama, Japan;
Weather: Cloudy
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A maximum difference of 8°C and average
difference of 4.8°C were observed.



38.5°C SHEIRS
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Thermography of heat dissipation test of solar panels

138.3°C

Test conditions: July 31, 2013; Temperature: 32°C;

Wind velocity: 3 m

Weather: Cloudy; Measurement time: From 13:30 to 14:30
Test place: Sasebo, Nagasaki, Japan

(Left) Uncoated solar panels (Right) Solar panels with heat-
dissipating coating. Temperature differences of 4°C to 5°C
were observed below 40°C.

It is obvious that coated panels have lower temperatures.
The higher temperature in the lower part of the panels was
due to a variation in the amount of application because of
poor workability in coating.

An increase of temperature was observed in some areas
where heat concentrated on connecting parts that transmit
power.



B Properties of AS-LR and AS-CNT

AS-LR | AS-CNT
Test items Glass substrate
Optical properties
Visible light transmittance, single-side application > 95% > 70%
Visible light transmittance, double-side application > 99% > 50%
Haze <05 <1
Refractive index 1.30-33 No data available

Physical properties

Surface resistivity 108Q/0 10*-10°Q/0O0
Contact angle (water) < 5o < 10°
Cross-cut adhesion test (by removal of tape) 100/100 100/100
Pencil scratch hardness test > 6H > 6H

Adhesion (immersed in boiling water for an hour)

No abnormalities

No abnormalities

Adhesion and moisture resistance
(exposed to steam for an hour)

No abnormalities

No abnormalities

Environm

ental resistance

Weather resistance (an accelerated durability test for 200
hours)

No abnormalities

No abnormalities

Constant-temperature and high-humidity test
(at 85°C, 80%)

No abnormalities

No data available

Heat resistance (exposed to 100°C for an hour)

No abnormalities

No abnormalities

Cold resistance (30-minute cycle between -18 °C
and 20 °C, five times)

No abnormalities

No abnormalities

Chemical resistance

Etching by 30% HCI solution/30% NaOH solution for

No abnormalities

five minutes each

No abnormalities

*AS-CNT has fine control of binder depending on substrate material, and may have slight

variation in performance.




