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Output and Temperature Evaluation of PV Module Apply Wavelength Shifting Materials
Characteristic of Purple Material Absorb Ultraviolet and Red Material Absorb Green
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Abstract

The lifetime of Photovoltaic (PV) modules are presumed to be 20 years for crystalline and 30 years for thin film. If the
system lifetime become longer, that ensures the number of hours, which will have been worked, estimate the more
accumulated output, and guarantee the higher reliability. The wavelength shifting materials(WSM) which absorbs
ultraviolet fluoresces violet, reduces UV that deteriorates the EVA of PV module. To utilize this violet rays for the
spectral response of solar cells, that contribute to extend the lifetime and improve the efficiency. Incident solar radiation
is varies by shifting wavelength and that presumed to effect the cell temperature. This research evaluates the
characteristics of cell temperature and photovoltaic output by applying violet wavelength shifting material. In the same

manner, red wavelength shifting material is evaluated.
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Fig.1 Spectral solar radiation and spectral response of solar cells
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Fig2 Cross section of photovoltaic module
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Fig.3 Fluorescence image of wavelength shifting materials.
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Table1 Output ratio applied by wavelength shifting materials.

Combination Conversion coefficient [%5]
of PV and WSM 0.1 0.2 0.3
violet m.—amorphous Si 0.5 1.0 1.54
red m.—monocrystal Si -1.7 - 10 -3.5+10%  -5.2-10%
red m.—polycrystal Si 0.3 0.5 0.8

K reference to photovoltaic output without WSM
3 conversion coefficient means the coefficient of absorption

and fluorescence.

SET-TENLT 7 A 8L, IR e SLITERRE 0.3 D
B HALEER LA 1.5%, 08% L ENTH DN, FHYRED
HEAM e UARSERH I DSEIN LTS 2 & 3005, i+ —B
FEdh S 1L —0.05% LIRENIED L TEY . Aabts LT
T D L FETASETH B,

2 2
rg == refrence radiation
E 1.5 F ssm=ayavelength shifted | L5 %
. . £
= ~=gmorphous <%
Z 00 £
g s
k= b
20.5 S 0.5 &
= wn
E
] 0 0
& 0.2 0.4 0.6 0.8 1 1.2

Wavelength Afum]

(a) violet m.—amorphous Si &~ T E/L 77 A 8i

3%
Do

ammmrefrence radiation

==y avelength shifted

—_
(<51
T

s=swepolycrystal Si

monocrystal Si

,_.
Spectral response

(=3
(<51
T

Spectral radiation[ W/m?/nm]
o —
f=1

i
[\

0.4 0.6 0.8 1 1.2
Wavelength Afum]

(b) red m.—monocrystal Si  7REE— ik Si
Fig.5 Spectral distribution of solar radiation after
wavelength shifted.

5 WRAEMROABIEA T My

KL AN F—




FoA - THE - BE B FH KA

3. RIEAE
3.1 AERZ
311 REZBREFEERALEY I7LURTL—h
FIVNARD B L DIREDFER DT, U T 7 v
L MO RETHET AT L, ZTOMOBEEZELIL V77
LR L— hOSEAE 612, Wi A B 7R, RS T
(72 VAR OHDBELDT, TAIRET 7 U IR
ICIREEEE (BERD 2 A%, BRHERVE, AMREEOR A
RTV =2 KE-3493, (& U =—2ClE D A1 B, 7V S
Y7L AT L— b, JIS C 89907 [ZHEMLL, FifE Y YIHL
BT B, U Ty L AT L MEE L HERIREE, AR,
JGHOR U eff TORIRE ¥ a — VR L B8 ) 7 7 LU AT
L FOOIRE & R 5 2D EETH B, ARFFETIL BT
7Y NAREAERES L — N & LT,

@) right: clear left: violetm. FEHT 7 U IR, SR

*e
St
4

(b) redmaterials FREF
Fig.6 General view of reference plate.
6 U7y LrArL— hoOiE

WEM

[ 1c |

«— silicone —

aluminum plate aluminum plate

(a) WSM I RASHAZR T
3 TC: thermo couples (FAZEXT)
3% PMMA: polymethyl methacrylate (R U AFAAZT 7 U L= )
Fig.7 Cross section of reference plate.
X7 U7y LAY L hOWTERE

(b) PMMA 77 U ViR

Journal of JSES

__48__

312 WEEHSRTFEEALLABERE 21—V
AEDERTIL, 232 BTH~ZY = L s VREREHE
% TR T b OB A LT A AORIGEHE V=
—UTONT, ARLBEREEEEL, FRT—TENT 7 A
Si. FET— WL S0 2BEORHGDEEATIREE LTR
ALl TOEKRER 2T

#2 KIGEHEY 2 —VOERE

Table2 Rating of PV module.
Amorphous S1 Monocrystal Si
Prax 1.3 W 60 W
Ve 86 V 204 V
I 127 mA 040 A
Model AN-TA03 GT833S T
Co. Sanyo KIS

% 0\ RO KB S 2 — W REHEE T2 850
- b OONEE AR 8 17, WiE AR O IRT, AFLIETEAT 7
ZREEMY, HEENT T ATIROA Th-o1020, Ty ia s,
TR A SR s UL, BV sV E BRI LT, OF
Y KIS ERMOFE SRR T AT 7 A V) A
A, (XE5844), (FATE - 151, TALT AT /T p—v /A
2 F Y TR P VRS TR O fHT, T2 U RO
MOHF LT LEbRWE I e R (I~ THRZINC
WHITE) CE®H%, AEEMOEIL, BEANET D 0ITR
FESf - T BN PO L, FO TS v ey (BB
WLF LT D) EEE T KUY fHT D, ek, K
Lovvay, VyiarvETAIME TR RTV S A TR0 T
F%5,

BRI c O T L, FEET AT 7 AKBELE RIS
B WIS SN TR Y, BICRER A R RTV 24
THED D7,

(a) violet m. —amorphous Si SR — T ELT 7 A S

FRIEF— HifREAS St

Fig.8 General view of photovoltaic module

(b) red m.—monocrystal Si

applied wavelength shifting materials.

2010 4




)

\J

U, .

<4 = o< fI QO Ej

BRERFETF 2 W2 KBELE Y 2 — Vo B R OREEEM

8 IR A Ui K E o

oil-based
] I white ‘
violet:WSM PMMA
high refractive silicone high refractive silicone
amorphous Si amorphous Si
\ N N N
urethane foam urethane fome

aluminum plate aluminum plate

() violet material-amorphous Si BEAL-TEALTFAS

oil-based
! ................... l B white paint e -l
1 v v \
red:WSM PMMA
high refractive silicone high refractive silicone
[ PV module J I PV module }
A TC A A TC A
| ISR '_ frame J _______________________ ...l

(b) red material- monocrystal Si  FRIEF - BN Si
Fig9 Cross section of PYmodule apply WSM on the front
9o WRAMEFLER U KSEORTEEE

BRI ER LT, 727 U X 5828 R T, R

FETFDINC R DEBR T DT, B & e 5 KU T T

7 UM AR A1, Ea & DHRIT K O R RASR - K
WX DR D, BREMSR TR, YO X 5ICREIZAT
OIS HOBREE LT,

3.2 AlEgE
HEEBOBEAX 1 01RT, FEHIRSR OGS, £3
ICRIBROREE ETAIRIC, BRER SR L., BEERME O
MRz L) &M & 1.8cm FA-HTHRE CUE TEHHY |
EHGD LT, B4R TRIEEE A AT, HRRE, SROMRE
W REE T~ ui—C, K@% [— Vh—7 ~L—F
—THRET S, F—Fi31 SEc iS5,

F3 RESMH
Table3 Installation condition.
place on the roof of our campus (4F)
direction due south

inclined angle 30°

Vol.36, No5 - 49 -

Fig.10 General view of measurement equipment.
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Fig.16 Each module temperature variation with time.
16 BT 28T VRERL XA

(a) amorphous Si left: violet m., right: clear

TENTFAS @EEARL) (B %R H:E3HTZ UUR)

(b) monocrystal Si left: red m., right: clear

HEL S (b)) (£ FRT A BHT 2 )R

Fig.17 Thermo graphic of reference plate.
K17 KbEEmMOBOAER (2/20, 0.98kW/n)

Journal of JSES

FOREHART MVEE L 8ITRT, DRI E 220 ik
RECHEIE L 72 A~ MVE naked BHT 7 U VIRE 18 LT-FEOD X
7 MEFRE L, T UNMRERET I EIZE 2T, 300nm
~360nm OFFEE I > b L, 360nm Ll i naked &~ £
(RENAEDNAT LIt & Apode, BB T EBHT 7 ViR %
BT D & SRR TR A NI L, 2R i Tl
Uz, BRI, FR%EFIT 400nm~600nm (k@) OpiEmx
KE SRR U REEEYE Ui, T2 77 VAR T Lt
1000nm B CHEYES R LT3,

o]

- Naked
===(Clear
=== Violet
==mRed

Spectral radiation [W/nd/nm)]

[e]

200 400 600 800 1000 1200
Wavelength A [nm]
Fig.18 Spectral distribution after transmitted wavelength shifting

materials.

18 WREHRBEOFEEART MVST

59 - 2010 4¢




w8 N > o &

R £ =

WRERZF 2 AV REEMRE Y 2 — V0T R ONRESFHE

2~y VRS 610K, 300~11050m (2350 T, naked %
e b LT R sy, BT 7 U Uil E T 2 & T 7%
EF LR & e nTe, ELICES R B TEETZ LT, 9%,
37% L ART Uiz, BT 7 UL & e SR T E W b b7
B, FREKRE UETF LTS,

F6 A MU X DIESE
Table6 Integrated value of spectral distribution.

Incident radiation Ratio
naked 1.00
clear 0.93
violet 0.91
red 0.63
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Table7 Output evaluation applied wavelength shifting materials.

Combination Wavelength shifted
of PV and WSM fine cloudy
violet m.—amorphous Si —T7. 06% —b. 18%
red m. —monocrystal Si —15. 36% —16. 43%
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