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Abstract: Unlike photovoltaic systems installed on land, photovoltaic systems applied to the offshore plant have the character-

istic that is installed in a limited space. For single point mooring plant, it is advantageous in terms of a reliable power supply

to be installed in different directions of photovoltaic panels, because it is not possible to identify the position of the sun by

rotation of the plant itself. Differences of installation angle between photovoltaic panels make a difference of the intensity of

radiation irradiated on each photovoltaic panel, and it brings loss of generation quantity due to the partial shading. In order to

provide a photovoltaic system suitable for offshore plant, the modeling which contains multiple photovoltaic panels controlled

by single controller is performed. Then, it was examined how the output characteristics of the photovoltaic system change

about the difference of the intensity of radiation that varies depending on the altitude of the sun. Finally, through the simu-

lation, a development model of the photovoltaic system which is suitable for offshore plant is suggested.
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Nomenclature

Short circuit current due to sunlight [A]
Current shunted through the No.l1 diode [A]
Current shunted through the No.2 diode [A]
Parallel resistance of cell [£]

Series resistance of cell [£&2]

The light generated current at the nominal
condition [A]

Short circuit current/temperature coefficient
[/K]

Current shunted through the No.2 diode [A]
Nominal temperatures [K]

The irradiation on the device surface [W/m’]
The nominal irradiation [W/m’]

Diode 1 saturation current [A]

Diode 2 saturation current [A]

Cell output voltage [V]

Diode 1 ideal constant

Diode 2 ideal constant

Thermal voltages [V]

Boltzmann constant (1.38x107%J/K) [J/K]
Electron charge (1.602x107°C) [C]
Short circuit current [A]

Open circuit voltage [V]

Short circuit voltage/temperature coefficient
[V/K]

Ns Number of series connected in PV
Np Number of parallel connected in PV
HA Hour angle [deg]
Tis Local solar time [min]
d Day of year (1~365)
h Elevation angle of solar
Decline angle [deg]
La Latitude
Spy Amount of light incident on the solar panel

Sirect Amount of light in a plane perpendicular to
the light of the sun

0 Tilted angle of solar panel

o Azimuth angle of solar

J6] Azimuth angle of solar parnel
Prax Maximum Power [W]

Vinp Voltage at Prax [V]

Iinp Current at Pmax [A]

1. Introduction

Interest in Offshore plant market is rapidly increasing be-
cause resources mined on the land become depleted.
Installation sea area of offshore plant is moving more and
more to deep sea, requirement performance associated with

this is increased, and the required power is also increasing.
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As the marine environment regulations is recently strengthen,
renewable energy such as solar cells is being used to generate
power. In particular, SPM (Single point mooring) system is
supplied power primarily through the battery, and some prod-
ucts is also possible to generate the power with solar cells.
Figure 1 shows the PV system applied to SPM.

But, the solar power system applied offshore plant, unlike
the solar power system installed on land, there are constraints
that must be installed in a limited area. The case of SPM sys-
tem, the directions for receiving sunlight are possible to be
varied by being rotated.

In terms of installation and stable power supply, panels of
solar power system applied to offshore plant is set in several
directions. However, when placed in the several directions of
solar panels, the difference of the amount of light between
panels makes partial shading problems. This would reduce the
output of the solar system.

In this paper, the output characteristic is simulated when the
solar power system sets in several directions applied to a SPM
systems. And the configuration of solar power system suitable

for offshore plants has been proposed.

Figure 1: SPM (Single Point Mooring) system

2. Solar Power Generation Modeling

2.1 Solar Cell Model

Many equivalent circuits have been proposed in the liter-
ature in order to assess the behaviour of the PV cell. The
most commonly used equivalent circuits are the single diode
models. These models are assumed that there is no recombina-
tion loss in the depletion region. But, real solar cell, the re-
combination loss represents a substantial loss, especially at low
voltages. In the high voltage, diode ideality factor is 1 and in
the low voltage, diode ideality factor is 2. So, consideration of
this loss can draw a more precise model known as the two-di-

ode model.

Practical PV device

______ Ideal PV cell Rs
Iph Io1| oz h\—/\{-\f—:

Ol Ty

Figure 2: Equivalent circuit for solar cell based on two-diode

model

Figure 2 shows the equivalent circuit for solar cell based on
two diode model. Using Kirchhoff’s first law, the output cur-
rent of the cell is given by Equation (1).

V+IR,
o M

b

I

ph

ature, and it can be given by Equation (2)

is proportional to the sun irradiance and the cell temper-

(T

c

~T.)G/G, @

ph se M

I, is the light-generated current at 25°C and 1000W/m2

sc
irradiation. 7, is Nominal temperature at 25C. G,, the nom-

inal irradiation, is 1000W/m2. [, K; and I, can be ob-

tained from the PV cell data sheet.

I, is the current dut to the diode action (corresponds to
the diode D1), and 7, is the recombination process in the de-
pletion region (corresponds to the diode D2). These are fol-

lowing Equation (3), (4) and (5).

( V+R,
Ipy =1y > L “vr *1} &)
( V+R_ﬁ)
Iy =1y < [e R 1} @
KT,
Vr=—r (%)

To simplify this, some researchers assumed that o;=1 and
a,=2. These values are approximation of the Schokley - Read
- Hall recombination in the space charge layer of the
photodiode.

Equation (6) can be expressed by diode saturation current of

the temperature variations.
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Figure 3 and Figure 4 show a block diagram and front pan-
el of solar cell by LabVIEW respectively.
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Figure 4: Front panel of the solar cell by LabVIEW

2.2 Solar Array Model

In the typical PV generation system, the modules are con-

figured in a series-parallel structure as shown Figure 5.
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Figure 5: Equivalent circuit for solar array

In this case, the output current can be given by Equation (7).

Ny
{ V+ IR Avp) }
_ ViV,
I=1,N,—IN,\e ‘ —1
N, N
VIR 5 V+IR| > @)
[ N ay ViV, ]\g?
— Iy, le 173}7(1\&)
,

N, and N, are the number of series and parallel connected in

solar cells in a array, respectively.

2.3 Partial Shaded Module in Series

In the marine environment, solar generation system is in-
stalled in different directions. Differences of installation angle
between PV panels make a difference of the intensity of radia-
tion irradiated on each PV panel, and it brings loss of gen-
eration quantity due to the partial shading effect. Figure 6
shows the series configuration of two PV modules that receive

irradiance of G, and G, respectively.
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Figure 6: Circuit diagram of partial shaded module in series

The output current and voltage in partial shaded module can
be obtained by solving the following formula Equation (8),
Equation (9)

- {1},1,,(61)1\7,;*411]%*42]\’;*% 1= 1, ®)
Li(G)N, = Iy N, = IpN, =1, T=<1,,
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Figure 7 and 8 show a block diagram and front panel of so-
lar array by LabVIEW respectively.
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Figure 7: Block diagram of the solar array in series
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Figure 8: Front panel of the solar array in series (partial

shading)

2.4 Irradiation Modeling

In order to simulate the reliable power characteristics of the
solar power system, solar irradiation data measured for a long
time is required. However, in order to measure these data,
there is a difficulty in equipment management, compensation,
cost, etc. If the measurement is difficult, the calculating mod-
els of the amount of solar irradiation is made. These models
have been used for studies such as the tilt angle and azimuth
angle of the solar panels. In this chapter, a daily model of the
solar irradiation which can be applied to the model of the so-

lar power system is provided.

2.4.1 Hour Angle

Hour angle is a value converted by moves of sun each
times, and it moves 15° every time. it has negative values in
the morning, positive values in the afternoon, and becomes 0°

at noon. Hour angle can be derived by the following equation.

HA=15(T;,—12) (10)

Local solar time is shown by correcting local time, by ap-
plying the number of days, earth's axis and longitude of the

measurement position.

2.4.2 Decline angle
Decline angle is occurred by tilting of earth's axis, 23.5°. It

can be calculated by the following formula Equation (11).

23.45

20 .9
360 T

§=sin " [sin(

. sin{%(df&)” (11)

Decline angle will change depending on the season, and is
the maximum at 23.45° at summer solstice, is the lowest at
-23.45° in the winter solstice, and becomes 0° at the autumnal

equinox and the vernal equinox.

2.4.3 Elevation Angle
Elevation angle refers to the height of the sun measured
from the horizontal line. There is a zenith angle in a similar

concept, and is calculated by (90°-elevation angle).

h=sin"'{sind * sinZ, +cosd * cos L, * cos(HA)}  (12)

2.4.4 Azimuth angle

Azimuth angle is the angle between the due north direction
and directions that sunlight comes from. Azimuth angle varies
with the date of the year and latitude of measurement position

in general.

_,[sind « cosZ,—cosd * sinZ, * cos(HA) "
0s(90— L, +6 a3)

Q= CoS

2.4.5 The amount of light incident on the solar panel

L

Figure 9: Angles about position according to panel installation
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When the elevation angle and azimuth angle of solar is de-
termined, and the tilted angle and azimuth angle of solar panel
is given, the amount of light irradiated on the solar panel can

be represented by the following formula.

Spp = Sirelcosh « sinf « cos(B—a)+sinh » cosB} (14)

3. Simulation

The solar power system applied offshore plant, unlike the
solar power system installed on land, there are constraints that
it must be installed in a limited area. The case of SPM system,
the directions of solar panel for receiving sunlight are installed

in 4 directions by being rotated. It is shown at Figure 10.

Figure 10: SPM system with 4 solar panels

To analyze the partial shading effect on the output of the
proposed configuration, two case studies are considered as
Case 1, Case 2.

Casel is consist of No. 1 and No. 2 connected by series
and No. 3, No. 4 connected by series, respectively. And they
are connected in parallel. Case2 is consist of No. 1, No. 3
connected by series and No. 2, No. 4 connected by series,
respectively. And they are connected in parallel. Figure 11 is

the block diagram of each cases.

Figure 11: Block diagram of module in series (Casel, 2)

3.1 Environmental condition

At first, we selected PV panel and examine specification.
Table 1 shows the specifications for the BP MSX 60.
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Table 1: Specifications for the BP MSX 60

Typical Electrical — Characteristics BP MSX 60
Maximum power (Ppax) 60 [W]
Voltage at Pmax (Vup) 16.8 [V]
Current at Pmax (Inp) 3.56 [A]
Short-circuit current(l.) 3.87 [A]
Open-circuit voltage (Vo) 21.0 [V]
Temperature coefficient of Isc 0.065 [mA/°C]
Temperature coefficient of Voc -80 [mV/°C]
Number of the cells (N;) 36
Resistance of series (R;) 176.4 [Q]
Resistance of parallel (Rp) 0.35 [Q]

Figure 12, 13 and 14 show the elevation angle, solar irradi-
ation and intensity on modules, respectively. Negative value
means that the sun is located below the horizon. It was simu-

lated in the autumn equinox (September 23).

time

Figure 12: Elevation angle

Figure 13: Solar irradiation

-o. Intensity on Module 1
4 — — Intensity on Module 2
Intensity on Module 3
Intensity on Module 4

Figure 14: Intensity on modules
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3.2 Result Analysis

The output characteristic will be results in three dimensional
characteristic shown in Figure 13 and 14. In this figure, x axis
is the time (September 23), y axis is the output voltage of the
solar array, and z axis is the output power of the solar array,
respectively.

In the results of case 1, the maximum power points are lo-
cated in region 1 and 2. But, in the result of case 2, the max-
imum power points are located in region 1.

In the Figure 15 and 16, the graph of the maximum gen-
erated power are approximately similar to case 1 and case 2.

Figure 17 and 19 are maximum power and voltage at max-
imum power point in Case 1. Figure 18 and Figure 20 are
maximum power and voltage at maximum power point in Case
2. It means that Case 2 (the opposite-side panel connected by
series) is better than Case 1 (the close-side panel connected by

series) from a control perspective.

Power(wW)

Figure 16: VP curve in 3D (Case2)
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Figure 20: Vio(Case 2)

4. Conclusions

In this paper, PV system simulator by LabVIEW based on
two-diode model is proposed. To comparison of the effect of
partial shading by PV system configuration in the marine envi-
ronment (installed in 4 directions by being rotated), it was si-
mulated using a range of irradiance levels for one day.

As a conclusion, the opposite-side panel connected by series
is better than the close-side panel connected by series on the

same irradiation.
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