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A Study on the Optimum Design of Photovoltaic Systems for Ligthouses
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Jung, Myung Woong Lee, Man Gun  Song, Jin Soo

ABSTRACT

For the purpose of athe application of photovoltaics, we have studied about
photovoltaic systems for maned lighthouses. The current status of manned lighthouses

in Korea are reviewed and detailed descriptions of the 6.48 Kwp photovoltaic system
on Heuksando island are described in this paper. And we have discussed about expected

effects and problems of this system.
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Table 1. The Current Status of Manned Lighthouses

Station Mokpo|Gunsan|Inchon| Yeosoo | Masan|Busan|Je ju|Pohang|Donghae|Ulsan|Total
Total manned | ‘
Lighthouse 9 4 7 4 | 3 4 4 6 3 i 47
Lighthouses tied |
to the grid 2 - - 3 ] 2 2 6 5 ] 22
Lighthouses PV _
powered by 1987 3 2 2 - ] - - - - 8
Total installation| -
by 199] 7 4 7 | 2 2 2 - - - 25

Table 2 Manned Lighthouses PV Powed by 1991 ((CJexisting PV)
STATION NAME - Total
Mok po Sihado, {Chilbaldd, Hongdo, |[Heuksandd, Jukdo 7
Jajido, Alungdo | |
Gunsan Maldo, Acheongdq, Hongdo, |Geaklealbido 4
Inchon Palmido, Budo, Sunmido, Yeonpyonng,Socheongdob 7

Mokdukdo|, [Ando

Yeosoo Geomundo . 1
Masan Somemuldo, |Hongdo| | 2
Busan Olukdo, Gadukdo | | 2
Jeju Udo, Marado | | 2

aEn ARt BEHHEEN WY £ A ©EE #AME SACE KBt BEAA
A VY MFSHEL Table 29 2 g EETY FHElo) BHE FEF Ak
on, olE BRE BEmOIA o309l Mk 2.2 BEF AP MER

oA qlom, olF AL, 4%, X, 2% © BF BABEY KBt BHEAN2E FHEd
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Table 3 The Electric Euqipment
for the Lighthouses

migo] 2o waas 5:.37]_4 3o i ol Equipment Electric Load |Quan

120 V D.Co|7|ujf2ol] 232 ¢ 60~ 70%* Lamp D.C 120v, 500W ]

B BEFD e dFol Lamp Motor | D.C1/4 HP 1
a3 kB AMaoz #EEIN QU= A Storage Stationary 52

SEst FE AFT FEPANM £ 2L parrery 2V, 240AH

N HEENO 423 B (FH7~10A), Lead Acid | 52

E3 EEMme WAHAEEBE 100 ~108 V D.C 2V, 250AH |
TENY EFSE BERBEZ FHES £3

o 9= AMoln], R Zad ABEMO M Generator D.C 120V 3

10 Kw diesel
He F¢ BEXe= 3dF7 wWEd 718 H

HEO] 22 $L ALHE FHKo] Wolx | Fog Signals| D.C 100V, 500W 1
1 Aol #E BEME FIMSt K£ESZ AA Radio phone| D.C 24VI0W-40W| |

Fi e BEEoly
O#BE 3R FABRESY A2dS K@ 3.2 A1 FHE

13t7) fiste] AR, BHEES BKE @] 9 Kt A28 #HEtE Moz T 8& ok

3t AEHFAES AGE 2 4oz A F AL FHAFMY BEHHEERES FHESI= A

1 B, 5971 AN EHREES REolg ot | |

Bt #ZENTFE 238 AR, FRFR Y A EEFQ ZAT O AHHEES Table

MERK HREOE HiES FR#HLAIZI7] 8 49 Zo™, 54ER ZF#J%JU g S AHTE

o TeH 2L ¢ANE ANAY BEE s MRE Table 59 2k |

Ak |

3.3 HgiE 2 %iﬁﬁ%ﬁa 5 1 |
3. AB AlAHQ mEmsE - BUES AgRe ASA9Y REsERL
Re AR FEXSFLe] 16FEM oHA o
3.1 s 2 BHRR ARECD S AR S geT ge wA e
— I HBIE o2 FEREm AFES FE Yo
o FET{A: BF A3 5 =23.45sin [ 360 (284+N)/365 -+ (1)
o 33@?% : X—]b‘- A]Ql—-;—f— ._‘_:1_'-4_]_-5 08 WSll :._m¢ CHIM O eeeerereerens emreens (2)
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Table 4  The Electric Loads for the PV Power System

LOAD ._ - POWER QUAN VOLTAGE CURRENT DAILY

(V) (A) USE TIME

- Lamp 500w | 120 5 lThr

Lamp motor 1/4 HP ] 110 ] thr
Fluorescent 20W | 10 110 2 6

Light

Light (glow) 30W 8 110 2.4 - 6
radio phone 30W ] | 24 ] 4
refrigerator 180W 2 110 2 24
T.V. Color 4 110 2 3
Misc - 110 10 2

Table 5 Monthly Average Power Consumption ( unit : Wh/day )

Month 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | Total |Aversge
Lamp 7,00 | 6,000 | 6,000 | 5850 | 4,850 | 4,600 | 4,700 | 5150 | 5,650 | 6,30 | 68| 7,100 | 70,050 5840
Lampmotor 1400 | 1,200 | 1,200 | L0 | 97| 935 ‘@85! 1,05 | 1135 | 1,250 | 1,30 142 | 14,060 1,170
FL Light (20w) 70| 70| @0 | 60 so0| 50| 50| 50| 60| 600 - 720 6O
FL Light ( 40w) o0 so| s | 80| 71| 7| 7tm| sw| 0| e@m| tow| 100/ 1050! o
Light 1,560 | 1,30 { 1,3 | 1,320 { 1,00 1,00 | 1,080 | 1,200 | 1,320 | 1,440 | 1,560 1,560 | 15,840 1,32
Radio phone (busy) 60| e /| 6| 60 @) 6| 60 ® | 60| 60 60| @ 7m0 @
Radio phone(Weiting) % 25| 25 % %] = 25 25 25| 2 25 xf w2
Refrigerator | 2,400 | 2,400 | 4,800 | 4,800 | 4,800 4,800 | 4,800 | 4,900 | 4,800 | 4,80 | 2,400 2,400 48,00| 4,000
T.V 90 | 960 &n. 800 | 60| 600{ 60| 640| 80| 80! 80| 860 9,600 8D
Misc | 2,000 | 2,000 |- 2,00 | 2,000 | 2,000 2,000 2,000 | 2,00 | 2.0m | 2,00 200 200|200 200
Total 17,145 | 15,5¢5 {17,685 (17,505 | 15,645 (15,360 | 16,200 | 16,200 | 17,270 | 18,235 | 16,865 { 17,166 | 2003%0 | 16,695
WSz =Min [WSI ; _m(¢_s) .maj...(;g) 3.18—K% ........................................... (6)
Hy =2 Tsc[ 140.033 as(222N yy R _05( g~ S )sind sinWS,+7 / 180 SW psin
" 365 P wspwsosinws, +7 / 180 WS, sing -
(cosgp cosd sin WS, + WS, %sinqs (P—=S)sind e, (7)
SO ] srreremeere (4) sind
Kr=H/Hg ooiiiiiiiiiiiiiniinne e, (5) R = ( 1_1”}11_d)RD+I-II_;l( l-;-COSS)
—I-{ﬁ‘i=1.3903—4.0271<1~+ 5.54 Kf — | —sS |
. _ + 9 (____2___ ) BRI T T PR TP P PP PYPPRTPPPRITY (8)
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Hyp = RH c-ovveeerrnene: e eererea e (9) Ky =3 ZoAMES} 2 Wil ALebH]
A71A § =85 7]L7 Hd =22 Ab e

N =%4td ( day of the year ) p =HWRME K=
WS, =5 HH A9 BT 9 9] ?tc’ﬂ)ﬂ f—TL%H{‘J HAEEHESY TA=
ws, = ZAHAN A o] dEAHE Table 6 3 21, A¥E W REEMBS
b=9% el os) FRod, 1 FAE
S =A A} 2} Table 73 2T
Isc = KB%E8E ( Solar Constant) EEEMA=MAX (AlZYE AAIZ &3)

R LR T TP R PR TP PPRPR PPN 1)

Radiation )

Table 6 Daily Average Insolation For Mokpo ( unit : Kcal /ni-day )
| ( unit : Kcal/#-day )

DEG JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC SUM
0 2,176 | 2,795 3,675 ] 4,149 ) 4,630 | 4,498 | 3,820} 4,405 | 3,628 3,076 { 2,089 1,752 40,682
3 2,305 | 2,910 ' 3,767 | 4,188 | 4.630 | 4,480 | 3,812 | 4,430 | 3,695 3,189 2,196 1,856 41,453
6 - 2,430 | 3,021 3,863 1 4,220} 4.623 | 4,456 | 3,799 | 4,447 { 3,755 3,297 { 2,300 1,958 42,154
9 2,550 | 3,126 | 3,931 | 4,244 4,609 | 4,426 | 3,781 4,458 | 3,809 3,398 | 2,400 2,056 42,783

12 2,666 | 3,225 : 4,002 ¢ 4,262 ) 4,588 | 4,389 : 3,758 ) 4,460 | 3,855 3,493 2,495 2,150 43,338
15 2,776 | 3,317 4,066 | 4.,27] 4,560 | 4,347 | 3,729} 4,455 3,885 | 3,580 | 2,585 2,240 43,817
18 2,881 | 3,404 4,121 | 4,273 | 4,524 | 4,298 | 3,695 4,443 | 3,927 | 3,661 | 2,671l 2,326 44,218
21 2,979 | 3,483 | 4,168 | 4,268 4,481 | 4,243 | 3.656 4,422 | 3,952 3,735 | 2,751 2,407 44,540
24 3,072 | 3,555 | 4,208 | 4,255 4,431 ] 4,182 | 3,611 4,395 | 3,970 3,801} 2,525 2,483 44,782
27 3,158 | 3,621 4,239 | 4,234 4,375 | 4,115 | 3,561 4,359 ] 3,980 3,860 | 2,894 2,554 44,943
30 3,238 3.678 | 4,202 | 4,206 | 4,311 | 4,042 | 3,506 4,316 | 3,982 | 3,911 2,957 2,620 45,024
33 3,310 | 3,729 | 4,276 | 4,171 4,241 3,963 | 3,447 4,266 ] 3,977 | 3.9 | 3,014 2,681 45,022
36 3,376 | 3,772 | 4,282 | 4,128 | 4,164 | 3,879 | 3,382 | 4,209 | 3,965 | 3,988 3,065 2,735 44,939
39 3,434 3,807 | 4,280 | 4,078 4,081 3.790 | 3,313 4,144 3,945 ) 4,015 3,109 2,785 44,775
42 3.485 | 3,834 4,269 | 4,020 3,992 | 3,696 | 3,240 4,073 { 3,918 | 4,033 3,147 2,828 44,529
45 3,529 § 3,853 4,250 | 3.956 3,897 . 3,598 | 3,163 3,995 | 3.883 | 4,044 | 3,178 2,865 44,204
48 3,569 { 3,864 | 4,222 | 3,885 3,796 | 3,495 | 3,08l 3,910 | 3,841 4,046 | 3,203 2,896 43,799
51 3,593 | 3.867 | 4,18 | 3.808 3,691 3,388 | 2,996} 3,819 | 3,792 4,039 3,221 2,921 43,317
54 3,613 | 3.863 | 4,142 | 3,724 3,580 3,277 { 2,908} 3,723 | 3,736 | 4,024 3,232 2,940 42,758
57 3,625 1 3,850 | 4,090 | 3,635 3.465 | 3,163 | 2,817} 3,620 | 3,674 | 4,001 3,236 2,953 42,124
60 3,630 | 3,829 | 4,030 { 3.539 3.346 | 3,046 | 2,723 3,513 | 3,604 3,970 3,234 2,959 41,418
63 3,626 | 3.801 3,962 | 3.438 3,223 | 2,927 | 2,626 | 3,400 3,529 3,931 | 3,224 2,959 40,641
66 3,615 | 3.764 3,887 | 3,332 3,097 % 2,806 | 2,527 3,283 | 3.447 3,884 3,208 2,952 39,796
69 3,596 } 3,720 3,804 | 3,221 2,968 | 2,683 | 2,427 ) 3,16l 3.359 3,829 | 3,186 2,939 38,887
72 3,569 | 3,668 3,715 | 3,105 | 2,837 | 2,580 | 2,325 3,036 | 3,265 3,766 3,156 2,920 37,915
75 3,534 3,609 3,618 | 2,985 2,704 | 2,436 { 2,223 2,907 | 3.165 3,696 | 3,120 2,895 36,885
78 3,491 3,542 | 3,515 | 2,861 2,570 | 2,312} 2,120} 2,776 | 3,06l 3,618 | 3,077 2,863 35,800
81 3,441 3,468 3,405 | 2,734 2,435 2,190 | 2,017 2,642 | 2,951 3,533 3,028 2,825 34,666
84 3,384 | 3,388 | 3,290 | 2,604 2,301 2,070 [ 1,916 | 2,506 | 2,837 | 3,441 | 2,973 2,782 33,485
87 3,319 { 3,300 | 3,168 | 2,472 2,168 { 1,954 | 1,816 2,369 | 2,719 3,343 1 2,912 2,732 32,266
90 3,247 | 3,206 | 3,302 | 2,338 2,308 | 1,843 { 1,719 2,231 2,596 | 3,238 | 2,844 2,677 31,013
MAX -
INS 3,630 | 3,867 4,282 | 4,275 | 4,630 | 4,498 | 3,820 4,460 | 3,982 | 4,046 | 3,236 2,959

Table 7 Optimum tilt angle during four seasons

SEASQN MONTH TILT ANGLE SETTING ANGLE |
Spring, Autumn 3, 4, 9, 10 30°-33° 30°
Summer 5, 6, 7, 8 0°~ 3° 0°
Winter 11, 12, 1, 2 - 57°-60° 160°
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Inverter .AC 120V Load
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30° Fixed.
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2V 1200AH 50EA hand-operation
SERIES
Fig. 1  Schematic For Existing PV System (Hong do)
Power ~-DC LOAD (Lamp)
Controller (DC 114-120V)
! 100V
a SKVA Inverter — AC 120V Load.
i 3KVA
| [T

Storage Battery Diesel Generator

Solar Array 6.48Kwp
Seasonary Adjust
(0°, 30°, 60°)

2V, 600AH, 108EA

(54 series
2 parallel)

Automatic
Control

Fig. 2 Schematic For Designed PV System (Heuksando)
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