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Improving the Performance of a PV module Using Non-expensive Sunlight Concentrators
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Abstract

The density of solar energy on the ground is not so high. Because of this, a large amount of solar cells are required to
obtain sufficient generated power. However, PV modules are expensive devises nowadays. In order to diffuse the
wide use of solar power generation, the cost of the power generation should be reduced. If the generated power from
a PV module can be increased to twice larger than conventional value without using expensive equipments, the cost of
the solar power generation can be reduced to about half the conventional value. In this research, aiming to improve
the performance of a PV module, we concentrate the sunlight to a PV module. The sunlight was concentrated on a
commercially-available PV module by using low-priced aluminum-metallized tape. We measured the characteristics

of the “concentrating module”.
conventional (non-concentrating) module case.

We show that the generated power can be increased to 2.7 times lager than using
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Tablel. Standard characteristics of PV module GT-434.
Solar cell element Single crystal silicone

Rated power output [W] 12
Voltage at rated power output [V] 163
Current at rated power output [A] 0.75
Open-circuit voltage [V] 204
Short-circuit current [A] 0.8
Size of solar ceil moduie [mm] 378 X349 %35
Weight of PV module [kg] 2
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Fig.1. Schematic view of exploratory experiment.
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Fig.2. I-V characteristics of PV module with plate-type

concentration mirror.
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Fig.3. I-P characteristics of PV module with plate-typ
concentration mirror.
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Table2. Standard characteristics of PV module BT-832MRN.

Solar cell element Single crystal silicone

Rated power output [W] 54
Rated open circuit voltage [V] 18.9
Rated short circuit current [A] 0.38
Size of solar cell module [mm)] 247x293x14 j
Weight of PV module [kg] 0.7
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Table3. Improvement of the power output of the PV module by using a parabolic solar concentrator.

Average of Average of module| Irradiance Raito of
generated power (W) | temperature ('C) (kW/m?) generated power
Concentrator module 3.2 38.0
Non-cooling 0.71 1.7
Reference module 1.9 36.9
Concentrator module 4.1 20.7
Cooling 0.79 1.8
Reference module 2.3 31.5
Generated power of module with solar concentrator (W) — Generated power of Reference module (W)
Generated power of reference module (W) -—— Generated power of Concentrator module (W)
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— - - — Temperature of module with solar concentrator ("C) — 7 '1\ a
— - - — Temperature of reference module (°C) E 6 LA T j\;‘t V% f ﬂ‘ Iy q
8 45 § 5 ) ‘ \PJ | (\?g)\{, y / Il 1‘ Vt\/‘ ‘\‘ }[\1 ‘.f
7 |(Dec.12, 200D 1 a0 2 4 A \Ai | k } ’ { I
N | \ i
6 AW Y 55 O ER i dia
EAD el L s : | L
] AP~V U - L 2 H
Nl i 1 25 g © 1 i ‘- | [
g 3 e 1 20 E) 4] 5 AY I L \ L
E 115 2 11:50 11:51 11:52 11:54 11:55 11:57 11:58 12:00 12:01
52 110 E Time
1 5 = Fig.8. Generated power of the PV module with parabolic solar
0 ) ) K 0 concentrator when the wind blows.
10:22 10:25 10:28 10:31
Time 14 80
Fig.7. Generated power of the PV module with parabolic solar 12 7
concentrator under calm condition. S ~10 M~ 160
It N o
52 {50
Fg7ﬁ.%mﬂﬂ2ﬂ125®/3T7m%”“ DR 2% w0 3
(=% P o
ERRTHIN, Z2bob /I \TRIAENRERBIIL T, & ERIG wweone [rradiance (kW/rd) " Z‘i
%%y;~»@%ﬁﬁ&i%&%y;~w0@2wa&o §§4 Generated power (W) 3
- 120
TWAZ ERbns. Z0RORERITIZITERKECTH- , Module temperature (°C)
10
—7%, BEASKIBEDRE mﬁ@m&ngqumu I — - .
EH 20014 9 A 12 A) . Fig.8 i Fig.7 1k, BHRIC 13:49 13:52 13:55 13:57 14:00
Time

%%*ﬁﬁk%<mﬁbrm5 Fig.8 ¥, AFRECEH
;ngﬁ%/l—ww%@@ﬁht%<fﬁbfwém
HREET U —NOBEEHNIE—F, T72bb BEEEN
&&wm?%éﬁ%m(ﬂ%&VHDO%)’ﬁ“fbﬁﬁ
EVa—NOFEBEEINKESELLTNDZ ENRERT
XD, NTGRTRENERL, RNTRTEEROESICKE
BHE V2 — NV ERETE S L ERHRICHET T DLEN
BB, 3T KT R SCEEE O KB EM A, t%&ﬁﬂﬁﬁ%
BWTWAH7es, Bl COEEI L 0 RNy OAEI
ﬁ@ﬂ/%ﬁ*ﬁmﬁ%<ﬁaié LNz @ﬁ@f%é&
Bohsd. £/, TORBRIAERGPE LW YO
BRHLZLhb, EBOURKMLETHHEEZLND.

Journal of JSES

Fig.9. Time variations of the generated power and temperature of
the PV module with sun-tracking well-shaped solar
concentrator.
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Table4. Integral values of the generated power and the
temperature of the sun-tracking PV module with well-shaped
solar concentrator.

Generated power of module with solar concentrator(W)

Generated power of reference module (W)
''''' Irradiance (kW/nt)

— — -— Temperature of module with solar concentrator("C)
e — - Temperature of reference module (°C)
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Fig.10(a). Time variations of the generated power and
temperature of the fixed PV module with well-shaped solar
concentrator.
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Fig.10(b). Time variations of the generated power (with
temperature correction at 25°C) of the fixed PV module with
well-shaped solar concentrator.

TableS. Integral generated power of the fixed PV module with
well-shaped solar concentrator (Feb.6.2002).

Generated power |Temperature(Max)
(W) (C)
Reference 39 45.4
module
Concentrating 85 755
module
Maximum ratio of instantaneous
generated power 4.0
( Concentrating / Reference )
Average raito of generated power
( Concentrating / Reference ) 2.1
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Integral generated power of
Concentrating module (Wh)

29.3

Integral generated power of Reference
module (Wh)

15.5

Raito of integral generated power
{ Concentrating / Reference )

1.9

Maximum ratio of instantaneous
generated power
( Concentrating / Reference )
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