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The Design of the Monitoring System

for Hybrid Power Generation

Soo-young, Bae

Department of Mechatronics Engineering

Graduate School of Korea Maritime University

Abstract

Due to the serious concern regarding energy globally, the ocean,
which obtains infinity clean energies, has been come into the
spotlight and many researches converting these energies into the
electricity have been being conducting around the world. The
grid-off(stand-alone) system wusing the battery 1is particularly
essential for ocean facilities, such as lighthouses, buoys, etc.
However, 1t 1s difficult to operate 1t compared to do it on land
because of many constrains such as long distances, severe weather
conditions, etc. As a result, the self-charging/discharging battery
system using a PV generator has recently been studied, particularly to
apply it to the marine signal light on a buoy. However, according to
characteristics of the PV generator, the generated electric power 1s
not steady, for example 1t usually over—generates the electricity in
the sunny day but it hardly generates the electricity in a rainy and
heavy cloudy day. Therefore using the PV alone is difficult to supply
the steady electric power to a buoy, as a result, it cannot guaranty
of the safety for a ship's voyage. In order to overcome this main

drawback of the PV system, researchers have recently been studied to

_Xi_



hybrid between the PV generator and the wind generator or the PV
generator and the wave power generator. Although the wind power
generator and the wave power generator intermittently generate the
electric power, they are able to generate at night. As a result, they
can compensate the main drawback of the PV system.

The aim of this study is to supply the steady power to ocean traffic
facilities using the hybrid system and in order to achieve this aim,
the hybrid system consisted of the PV generator and the wave power
generator 1s proposed in this work. However, each system interferes
each other in the hybrid system and the high frequency of
charging/discharging makes the battery's lifetime shorter. Therefore
in order to improve the efficiency of the system and also increase the
lifetime of the battery, the battery must be charged/discharged by the
controller which is able to maximize the efficiency of the system
respectively. Addition to this, it needs to monitor the condition of
the system in real time. Therefore the systematic monitoring system in
this study is consisted to optimally operate the system to supply the
steady power to the marine signal light on the buoy, and addition to
this the wireless communication system 1s constructed to monitor the
system in real time.

Furthermore it is tested on the sea and data from the PV system and
the wave power generator 1s collected to analyze 1ts output
characteristics. In addition to this, data regarding load conditions
is also collected and analyzed. Through the analyzed results, it
proves it's feasibility of the proposed hybrid power generation system
and the proposed monitoring system which is increased the efficiency

of the system. Therefore, not only the proposed system in this work

- xii -



improves the efficiency, but also it brings the system's reliability
and safety due to being controlled by generation characteristics and
monitored the battery's condition.

As a result, it will take a big role to prevent marine accident on
the sea. Furthermore it can reduce the frequency of visit on site
because the steady power is supplied by the stand-alone power system
and using clean energies will achieve great financial savings and also
reduce the emission of greenhouse gases into the atmosphere. For
future works, it requires to study more about control techniques of
various power generation systems using renewable energies and their

monitoring systems fitted with ocean facilities as well.
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Table. 1.1 Statistical data regarding national renewable energy systems

(‘09.10.21, Source: KONESIS)
T Aule | AAEF | 9 AakeE | g TOE
B 59 23,674.16 m 33.15 Geal 3.32
Eff &3 1,113 263.73 MV | 2,489.39 | MWh | 535.22
Z 5 108 MW 523.97 MVh | 112.65
e 7 10.61 MW 24.7 MWh 5.31
k! 57 28.6 MW 321.74 | Geal | 32.17
1GCC 0 0 MW 0 MWh 0
3 ¢ 0 0 MW 0 MWh 0
Hpo] -4 = 2 2.79 - 38 Mivh 8.17
Hlo] @ -A 0 0 - 0 Geal 0
AR HA-H9 7 12.6 MW 57.46 MVh | 12.35
A5 HA -4 0 0 MW 0 Geal 0
¥ 7] &~ 0 0 - 0 Mivh 0
7] 5-4 0 0 - 0 Geal 0
71 e 1 1.07 - 21.92 MWVh 4.71

*TOE(Tonnage of 0il Equivalent)
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Table. 3.1 The protocol to control the monitoring system — Local control

T ASCI1 16314 o] m]
Start ! 0x21 A 22}

1D D 0x44 A A2}

@ 0 0x30 oln] g1+

@ 0 0x30 HE 5844 T4 A F+=
® 0 0x30 HZx Fsl5 AdsA] &
@ 0 0x30 HZx §F3i4d A4sA &5
® 0 0x30 Hx 5313 d4sA &5
® 0 0x30 Bz Fal2d ddshA] &
@ 0 0x30 Hx FIW AZdsA 25
0 0x30 TH7] AAs A E &

0 0x30

© ) 0530 AFS 0.0A% A€

@ 0 0x30 274 Al2=" Aol Ko
End # 0x23 SRR

Table. 3.2 The protocol to control the monitoring system — Monitoring control

T ASCI1 1671 S|
Start ! 0x21 A ZHE A}

D D Ox44 A A E A}

@ 0 0x30 ojr

@ 1 0x31 BZE FAX 3
© 1 0x31 Bz B35 a4
@ 1 0x31 HZE F34H A4
) 1 0x31 Bz Fai3d A4
® 1 0x31 Hzx Feloyl A4
@ 1 0x31 Bz B 972
1 0x31 87l 94
©) 1 0x31

o ; o3l AFS 1.1A% A"
@ 1 0x31 RUHE A28 Alojd Fo
End # 0x23 T8
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Table. 3.4 The protocol for monitoring
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Table. 3.5 Data construction -— @ ~ @®

( 1 5 ) 8 8 )
0x28 0x31 0x35 0x2E 0x38 0x38 0x29
tlo] | o] §
15.88V
Al 2 A} Zg izt
( 1 } 8 8 )
0x28 0x31 0x2E 0x38 0x38 0x29 ] o] E
tlolH tlo]H Z o] WM
1.88V
A 2R AF Za 2z

Table. 3.6 Data construction - @

29 HZx
HZ HX HZ HZ HZ*x
2 77 71
_ Rk 5 | R4 we 3 | Wz | w1
e | A
0 Off Off Off Off Off Off Off
1 Off Off Off Off Off Off On
3 Off Off Off Off Off On On
7 Off Off Off Off On On On
15 Off Off Off On On On On
31 Off Off On On On On On
63 Off On On On On On On
127 On On On On On On On
65 On Of f Off Off Off Of f On
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Fig. 4.4 Hybrid power generation system module
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Fig. 4.19 Graph of the output power from the hybrid power system

in sunny day
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Fig. 4.20 Graph of the output power from hybrid power system

in cloudy day
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