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Abstract

For increasing power generation in an installation area, a photovoltaic (PV) module

assembled with athree-dimensional structure has proven to be very effective. In this paper,

three-dimensional photovoltaic module usingFibonacci numbers (FPM : Fibonacci Number

Photovoltaic Module) was proposed to convert limited solar energy inlimited area into as much

electrical energy as possible using low-cost solar cells. Power generation of FPM including

theoutput power decrease by shadows of each photovoltaic cell has been estimated by the

simulation.

It is shown that the power generation of a lower stage FPM decreases more than that of an

upper stage FPM,especially, the power generation of the first PV cell in a second stage FPM.

The Power generation of FPM is increased byexpanding the distance of each PV cell. The

power generation of a FPM exceeds that of a conventional planar module byincreasing the

number of stages in the FPM.
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Table 1 Specifications of module types.

#1 FPM Ofh#x

Module type Planar module FPM

Number of PV cell of
1 3
each stage
Number of stage 1 2
" Sector
Form of PV cell Circular (central angle: 120° )
Radius of original PV
0.5
cell [m]
Installation area
0.8 .6(0.26 X
of the module [m?] 1.6(0.26 % 6)
Height of each .
module [m] 2 (one stage: 1)
Azimuth direction South Rotated 120°
Ct?n'verswn 10
efficiency[%]
Tokyo

Installation site

(northern latitude 35.7° east longitude 139.8° )

Table 2 Angle of inclination of each PV cell.
F2 HZHFEMIIBYT KGRV OEME

Angle of inclination
of each PV cell [° ]

Spring [ Summer | Fall Winter
+40
Planar (-40) +8 +40 +62
. +40
First cell of the stage (-40) +8 +40 +62
FPM  |Second cell of the stage -40/3 -8/3 -40/3 -62/3
(+40/3)
. -40/3
Third cell of the stage (+40/3) -8/3 -40/3 -62/3

To describe PV cell shapes in the coordinate
system by numerical expression

(a)

To calculate the destination of central point cor(h
in the PV cell ()

¥

To calculate the ratio of expansion .
and contraction of shadow ©

¥

To describe the shape of PV cell’s shadow
in the coordinate system by numerical expression (d)

To calculate the PV cell area except the shadow | viee)

To calculate the power generation
including each PV cell’s shadow ()

Fig. 3 Calculation flowchart of PV cell area except
shadow.
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Fig. 4 Influence of a shadow in a FPM system and PV
cell in the coordinate system.
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Fig. 5 Numerical expression of PV cell in the coordinate
system.
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Fig. 9 Output power of a first-stage FPM based on north
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