A Study on the Photovoltaic-Based Hybrid
Power Generation System for a Light Buoy
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A Study on the Photovoltaic-Based Hybrid

Power Generation System for a Light Buoy

Jongho Lee

Abstract

A light buoy, located in a sea route where there is a lot of
ocean traffic, is an essential facility for ship’s safe navigation.

The power system for a light buoy used in Korea makes use of
photovoltaic system. But, the power to be generated by the
photovoltaic system is changed according to the amount of
sunlight or weather conditions during winter season especially.
And the power shortage of the light buoy system can occur due
to the lack of solar energy.

Moreover, the power consumption of light buoy system is
increasing gradually since the intensive control system for the
remote monitoring of sea route has been recently adopted for the
effective buoy management. And because of light buoy’s structural
characteristics, there is only limited capacity to use more solar
cells to generate higher power output.

Therefore, it is not easy to supply the stable power to the light
buoy system.

This paper aims to show how a hybrid power generation system
can be designed with solar and wave energy that is suitable for a

light buoy and be able to generate power for sufficient power

_|X_



supplies.

Solar and wave energy complement each other. When solar
power 1s not available in bad weather conditions, wave power can
be used as a natural alternative. The hybrid power generation
system can combines both energies and provides a consistent
power supply.

This paper examines the basic principles of the photovoltaic cell
and OWC-type wave energy device. And suggests how a solar /
wave hybrid power generation system for a light buoy could be
consisted.

Also, this paper describes a design of a MPPT controller to
improve output of photovoltaic cell and describes a design of a
power & load controller to control the hybrid power generation

system.
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4.2.3 MPPT ¢1g&

Adnkdg oz MPPT &< 9314 Perturb & Observe(P&0O) 7]W,

Incremental Conductance(Inccond) 71¥, YA A A7 So] o]&

HArl, B mRo s Ao ggu g vl ZAske] A go] BluF o]

F

S
“

3 mhol A2 L AA

P&O 71 <& o] &3, ANSI CeojE 7]H o7
o] YEhY At

C doj= #3839t} Fig. 4.59] MPPT <&

K
AC)

( START )
Sense V(n), I(n)

AV =V(n-1) - V(n)
Al=1(n-1)-1(n)

€S

P=P(n)-P(n-1) =

(6]

AP = P(n) - P(n-1) > 0> No

Vref = Vref + AV Vref = Vref - AV

Vref = Vref - AV Vref = Vref + AV

V(n-1) = V(n)
I(n-1) =1(n)

( RETURN )

Fig. 4.5 Control algorithm for MPPT

_35_



=
=

ojufel MH gt ol wky v

;.OL

-

ol

il

=}
.

5

ol Mgt urk AT U @Al

= Axkd d=Egke] o ARy Hobxls A5, vl A

o}
4 H PWM-&2te] AlH&3 W3kA A MOSFET

J

P S7HA7)

o
H

d

2ol Mt 7] %
A 71+
o] GATEYS ~9

AL,

o] 4

d st

s

}3i1 MOSFET®]

235

_36_



< Ell
—+

b Aol Al

]

43 A4 2 ¥

L=d =
=~ T

2]

N

_ZTI

—_
)

blo

file)

| Fig. 4.63} 7t}

Main battery part

Main battery

charge switch
o

Power connection part

Main battery

.

Light on/off switch

Sub battery

charge switch
—o/c ’

Sub battery

rg

Load3
on/off switch

oo

PV system

Wave system

Spare

Spare

Load1l
on/off switch

Load2
on/off switch

Sub battery part

Fig. 4.6 Block diagram of power and load controller

_37_



b Al 7=

5]

Fig. 4.691419F o] 2l % ¥

o oA gtk

\=]
T

na 974 3%

o)},

STEIRS

A7) &

S
) .

t}. Fig. 4.7

Eis

o595 A%

START

AD converter
initialization

x
]
o<
= 0O
O o
o o
=B
3]
22
= c
S
(@]

3
29 Faly o) <
L < [SR%) e
£0 £ -
© = o | =?
oY cor» ¢
o a & a2
3 = > < DOI
SW n O
<
g8 >3 -
£s 2w ]
80 g - ®
- c o o | € -
P 0 o oo »l S5
[=2] = W
£ £a pr
C = < < DO.
=3 SO

Y
Check Ampere
Of All parts

Y

RETURN

Fig. 4.7 Power & load controller algorithm

_38_



A5 A A E aF
5.1 MPPTH|¢]7]

MPPT Alo}7]¢] A5H7te 918 60Ws HddAEs A8z ddsts
Walets Aabeel] wEka Aletes MPPT Alo] 717 vt w2 A )

AR S FFekeA AFsglon] MPPT €atelFo] a8t o 23t
A AME L] 2 AvEe] WS LARAIES Foke] AR Y

t}. Fig. 5.1& MPPT A|o}7] ARl o2 A= HAWEF, BE Aoy, C=

28145 olt},

Fig. 5.1 Photograph of the MPPT controller

_39_



v

&

< ———————

o —— — — — — — P<
&

processor
(PIC18F4585)

Fig. 5.2 Block diagram of MPPT experiment

Fig. 5.2 AgA] eAdZx3x 2 B3 AAS54 A4S vedd. Ch
13 Ch 2= PWM & 3
73 MOSFET gate ©#te] 4+5413, C
Ehdlch AHe AdF Hd =29
A 717 A E 3 FFsto] 7heAE dob B

Fig. 5.3 AlH & W& 9535 el dAZe] Sdjo] wet

A S d%o] obAaL oo whe} mpolam AN HA %

2
o,
[

S duty ratio® PWM 2913 A%

Gl
e
1B
o,

5T}, Photo couplerE 38 -~
13 =gtolw el MOSFETe| d4d¥ PWMAIZ o wa} ~9% 9& o &
=3

32,

_40_



Tek JL Trig'd M Pos: 320.0ns CHY
+

L ey - . pes - - ﬂ

e

Driving -9 2

m [ 200mtH:z

THAOE —
’| motea

Voltage
Yoltage
Output Lj_“ i s L) P‘L g
utpu _ o
VO]’[I.)a E - b L-t| L- o m— -J E
g CHZ 100 M2S0ws ;
CH3 100 CHY 200V 17-68-07 15:46 .
(a) 22V 0.71A 15.6W
Tek  JL i g M Pos: 320.0ns CHY
o e = - b
i ["‘ "‘"II - ™~ 8 e HEE
PWM signal =» = o '
: N JO5 S L
PWM signal - : Bl CH AT
™ g 200mH:
MOSFET
Driving -=»
Voltage
Qutput Lﬁi \ i ' \ ,r ].Jl L g
Voltage > a : - e OFf|

| CH2 10.0% M 25008 UL
CH3 10.0¥  CH4 200v  17-68-07 15:47

(b) 25V 0.68A 17W
Fig. 5.3 Waveforms of MPPT controller(Continued)

_41_



Tek JL ?'F_:'i M Pos: 320.0ns CH4
- — . e = e 4--4: EEI
PWM signal =» ;G
PWM Slgnal -> L,""-.,f.‘\...r%"\..« l'-.‘-"'------fm. ch*r.uﬁi-
g 200MHz
Ror=a
MOSFET =
Driving =» _—
Voltage | :
RN DEE
Qutput L_ [ . | e
- wn e —— —— N
Voltage NG00 M %5005
CH3 10,0¥ CH4 200 17-6E-07 15:50
(c) 26V 0.7A 18.2W
Tek  J.. @ iu'd M Pos: 320.0ns CH4
PWM signal _, f ’ " ':”%E

PWM Slgna] NV-.—V—“_‘ !"'""5 p-"-"ﬂf-—-,

5 o
OF F RRUNRER
TAOF —
MOSFET =
Driving - 2 _=__;-.

Voltage z2d
M : ....\ - - Vaoltage
Output \ -‘\‘ H\a ‘-\\ BN
T O L L e e
Voltage ; SO 300 T

CH3 100v  CH4 200v  17-68-07 16:10
(d) 28V 0.73A 20.44W
Fig. 5.3 Waveforms of MPPT controller

_42_



}o] MPPTHA|

[<]

AR d4

Circuit
breaker
General
controller
Circuit
breaker

=]
4

=

=

270
module

Solar cell

o

=

(12v)

Voltmeter
Ammeter
Battery

)

module

Solar cell

MPPT

controller

Circuit
breaker
Circuit
breaker

f017] <]
Fig. 5.4 Block diagram of experiment system

R

gk MPPT*

T

-

A 11A9F

Fig. 5.63 7t}

of

Fol 2

o

!
=

BR
—_
fite)

ze)
.5 I
ol

;Qn_

—_
iie}

jvze)
.Zfl

i
nF

%/

X

T

T

bolom, o A

o
— 43 -

g

=
=

1

Z

5 470 2t

Ko}
T

Fo] e o



PR D

*

- ';_.F—'

[

]
- .

Output(W)

—e—MPPT controller

—m— General controller|

T T T T T T
1117 11:19 11:21 11:23 11:25 11:27 11:29 11:31
Time

Fig. 5.5 PV output(at 11a.m.)

S gl .

.\./l/.\I—l\.\\- .

Output(W)

—e— MPPT controller

—m— General controller

T T T T T T T T T T T T T T T T T T T T T 1
16:44 16:46 16:48 16:50 16:52 16:54 16:56 16:58 17:00 17: 02
Tine

Fig. 5.6 PV output(at 4p.m.)

_44_



5.2 A9 R §3 A7

stolB el = AlAFlo A e R Kot FHAAE FAste] 29AE

y T v

Asstn a7 BEan BprAs Pk o] AY @ 23} Ao
!

(b) Power connection part

Fig. 5.7 Photographs of the Power & load controller(continued)

_45_



(d) Total system

Fig. 5.7 Photographs of the Power & load controller
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Fig. 5.11 Block diagram of OWC simulator

Fig. 5.12 Photograph of OWC simulator
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Table 5.1 Simulator properties

ITEMS SPECIFICATIONS
lg/laaég 13,345 x BR800 x H1,050mm / SS square bar
Air duct ID754 x L1000mm / PP plate
Air corn D754 x ID230 x L408mm / PP plate
Air piston OD752mm / PP plate with cranck mechanism
Control Period control : 0O~110RPM
ontro Wave height control : 200~800mm
system .. L
Driving unit : geared motor
Turbine
duct D230 x L6000 x 10T / transparency acryl
Type : Wells turbine
Air turbine Blade section : NACA 0020 / 6-blades
Material : AL & ABS RESIN
Generator 12VDC, 100W, BLDC motor(HMEB-074)
Rpm meter MAX. 20,000RPM
Load 12V 25W Light bulb

gxe dHo wE EHEAHL Fig. 5.137% #t}. Fig. 5.13(a)¢ 2
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=gl et gulgdaa F7]2H(AP)S Fig. 5.13(b)<}
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Fig. 5.13(c)9} 22 e
Hele A FASIAN 379 &
w3k ojuo] 2L Fig. 5.13(d)9F & EAS
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Fig. 5.13 Characteristics of generator output(continued)
(height=70cm, period=4.2sec)
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Fig. 5.13 Characteristics of generator output
(height=70cm, period=4.2sec)
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Fig. 5.14 Characteristic of generator output as function of period and height
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