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Output Power Characteristics of Three-Dimensional Photovoltaic Module Using
Fibonacci Numbers -1/3-phyllotaxis with 2-stage quasi FPM-
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Abstract

In recent years, energy demand is increasing from the global increase in population. The shift to renewable
energy from a fossil fuel is expected under these circumstances. Installing photovoltaic in the roof of a house is
expected as a dispersed-type power source familiar to a life. Three —dimensional photovoltaic module using
Fibonacci numbers (FPM) has been proposed in order to improve production of electricity in an installation area In
this study, quasi FPM using single crystal solar cells has been manufactured and it has been measured their output
power characteristic.

It is shown that, as compared with the conventional planar type PV module, quasi FPM obtains the 1.42 times
production of electricity in the installation area by increasing the number of the stages in the FPM. Quasi FPM is
arranging each PV cell towards a different direction, and can use insolation efficiently also in the morning and
evening when a solar altitude is low. Output power simulation value and an experimental value are in agreement with

9 % of difference at fine day.
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Fig. 1: Schematic diagram of a 1/3-phyllotaxis with 2-stage
FPM (based on north side).
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Fig. 2: System configuration diagram of FPM.
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Fig.3: Quasi FPM using the square PV cell.
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Fig. 4: The angle of gradient and rotation of the PV cell which

constitutes FPM.
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Fig. 5: Calculation of the PV cell area except shadow.
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Table.1: Specifications of module types.
# 1 %L FPM Ok
FPM(simulation) Conventional PV module
Module type FPM(experimental) (= first cell in the first stage x 3)
Number of PV cell
3 1
of each stage
Sector
central angle : 120 degrees
Rectangle
Formof PV cell (radulas PV cell : 129.5 mm) (129.5mm<388, Smm)
Square
(129.5 mm x 129.5 mm)
Installation area of
5 0.08(0.04 X 2 stages) 0.04
the module[m"]
Installation interval of each 0.05.0.15 B
PV cell[m]
. L Rotated 120 degrees
Azimuth direct South
rection (based on northern side) 0
First cell of the stage : +40
Angle of Inclination 6,[°] | Second cell of the stage : -33 +40
Third cell of the stage : -31
Angle of Inclination 0,[°] 0 —
Conversion efficiency[%] 12
Installed capacity[W] 12(2X3X2) 6(2X3)
Form of support rod Pillar (diameter:1 8mm) —
Solar radiation condition Insolation measured at experiment
Installation site Tokyo

(northern latitude 35.7°, east longtitude139.8°)
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Fig.6: The output power characteristic measurement circuit of
each PV cell in quasi FPM.
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Fig. 7: I-V characteristic of PV cells used in this study.
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Fig.8: Output current of each PV cell in the first stage FPM.
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Fig.9: Output current of each PV cell in the second stage FPM.
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Fig.10: Output current of each stage FPM.
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Fig.13: Output power comparison of an experimental value
and a simulation value of FPM.
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Fig.14: Output power of each PV cell in the first stage FPM.
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Fig.15: Output power of each PV cell in the second stage FPM.
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Fig.16: Calculation of correction value using a photograph.

16 GEZHW-miEEORE

FRZMOWEMEEE ZFREX PV I 2 L—2 9 UME
DISERED Ll % [ 17 1R T, FHIEM & FHE % Hlk
T 5L, 9L, KEFEMLE TR0 M0 TH D
FORBRICKRERERP AN D, FRICH N =L L
Rk 0D KBS B T KB Rt 2R RN 5 D D3 o T A A

KB 2 R 2 DB T D DD
T L - THREEDBA Lz 2 L AHIEME & ERED 4
HOFRZEBZEZ 60D,

EDZ bt v ab—3 3 Tl FPM 27
L KBGEE AR L TR STV D SHE LT
HIEMERMEE OEROFERIFNIZ EEZLND, A5
WEARERTHONTZNEE RIS, FPM #5657 5 KIS
MELNTELREEIT) VI ab—ra FRIEEZRE
T5ZE FPM 2 FEERATLRICLETHDLEEZD
b,

600 200

Va \ =4=1st cell (2nd stage: i 160
X \ 8- Ist cell (2nd stage: simulation) 0 §
4= 1st cell (2nd stage: correction)
\ ¢ ¢ ) 120 E
5
1.00 g
&
/;/\ua\
VAR o L
040
\/b—o—o\/ \ o

T T T i 0.00
6:00  7:00 800  9:00  10:00 11:00 12:00 13:00 14:00  15:00  16:00  17:00  18:00
Time

o
H

=
=2

Output current (mAh/h)
g &

2

Fig.17: Output power comparison of photograph correction

value.

P17 GEMIEME ORERLE 2 BH:1H)

Vol40. No.2

_51_

5. £&8

3 WIEKBEIEET Y 2 — L(FPM) & V7= KRGS
VAT BIRWT, JLEE 1/3 B 2 B O &Ll FPM
Z8UEL, LT ORERERT
(1) B FPMIIREBRR ST 5 Z & T, k¥

AT Y 2 —/L i L C 142 5O EEE S 720
DRERERD,

(2) B FPM I, £ Ky /v & 572 5 7Ly
BlfE -2 Z & T KB @ E ORI S ORI IZ 0
TH HEREDEMIFITE 2D,

(3) BRIFPM ORBRIT, Il —Ta Ml 9%D
ERTHT D,

4 EBREEIIal—aflEDEROFERKE LT
iZ(a) FPM %R 5 KB ML /L D TZIR O \(b)
FPM ZHERET 2 AR & B 0 B8 (o) BRI v -
KGR TIE, BARFEIZER Do T25E, 5
Do T HAE LA LIS IS BB IR B AN 92 )34
Fond,

PLRIZ &Y AR L 728EE FPM (39Ek O F R
VoL L CREERM YL OFEE HISREOR
SEOA R U THEMIER S D & 52 5.
LHOMEE LTL, 2B LT8R, KB LN
DENFENEEE LTZV 2 2 b— 3 REOKAL K
BT L DGR, SHEC K DO LA BE LT
BORHBH T b5,

#HiEE
ARBFFEE, BEARFTEE GEAEFFE(C)No. 23560340) D]
Byasz i Ttbi,

SEXH

1) Trends in Photovoltaic Applications -2013 Edition.
http://www.iea-pvps.org/

2) Y. Asai, T. Yachi : A Novel Photovoltaic Module Assembled

Three-Dimensionally, 35" IEEE  Photovoltaic ~ Specialists

Conference, Proceedings on CD, pp.2811-2816,Honolulu (2010)

N I



Sk - B

3) T. Suto, S. Suzumoto, T.Yachi : Output Power Decrease by

Shadows of Each Cell in the Photovoltaic System Using
Three-Dimensional ~Modules, JAPAN SOLAR ENERGY
SOCIETY Vol.38 No.2,PP.47-54 (2012) (in Japanese)

4 TATZLy RS R~ TF oo AT~ L=< R

5)

6)

Journal of JSES

BEERBH 7 4 NF FORE, BfE BP #(HIR),% 2 &=
(2010)

K. Akiyama, Y. Nozaki, M.Kudo, T.Yachi : Ni-MH Batteries
and EDLCs Hybrid Stand-Alone Photovoltaic Power System for
Digital ~ Access Equipment, 2000 IEEE International
Telecommunications Energy Conference, Proceedings on CD,
pp-387-393, Phoenix (2000)

NEDO

http://www.nedo.go.jp/library/shiryou_application.html

_52_

2014 4F





