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A study on the design of renewable energy based
SPM power supply system

Jang, Jae Hee

Department of Marine Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Offshore plant industry is to build, install and supply the equipment
which is necessary for the development of marine resources, such as gas,
crude oil. And offshore plant industry has continued to grow through a
growing energy demand and high profits. SPM(Single Point Mooring) System,
the offshore plant, is responsible for loading and unloading of crude oil
and gases in the alternative of the port terminal. It has many advantages
on installation, cost, etc.. In particular, it is possible to relocate the wells
in accordance with the depletion of oil wells, and plays an important role
in small and medium-sized oil field development projects, in terms of not
compromising the marine environment.

The energy stored in the battery is used to operate the SPM system.
These battery-based system has demerits that it requires continuous
monitoring and management of the battery. The amount of power required
by the SPM system is increasing because of upsizing of the crude-oil
carrier and increasing required function like monitoring and AlS, etc..

Therefore, in this paper, power supply system suitable for SPM is
provided using renewable energy such as solar generation system and

battery power management system. Solar generation system design includes



power design to match the SPM system operation environment and
maximum power point searching and tracking(MPPST) algorithm for
enhancing the power generation efficiency. Battery power management
system is configured to be able to improve the efficiency by using power
management algorithm according to the operational state. The solar
generation system applied to the SPM was simulated by using MATLAB.
Based on this, the improved solar generation control algorithm suited to
the marine environment was proposed. Also, a configuration of a power
system according to the characteristics of system operation is provided.
Finally, field experiment with improved algorithm was conducted.

SPM power supply system based on renewable energy can reduce the
time and cost required for maintenance. And it seems to be able to

become an alternative to the demand and environmental regulations.

KEY WORDS: Single point mooring(SPM) system 9% AlF Al2=El; SPM power
supply system LHAFAIZ® HAHFFAA; Solar generation EfFF LA,
Partial shading ##-<%; Improved maximum power point searching and
tracking(MPPST) algorithm
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Fig. 1 Tanker moored to SPM system
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Fig. 2 Generation principle of photovoltaic cell
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Fig. 3 Current-voltage and power-voltage

characteristic curve of photovoltaic cell
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Fig. 4 Single diode model of solar cell
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Table 1 Specification of ATEX - SMO085Ex

maximum power 85 [W]
maximum power voltage 17.55 [V]
maximum power current 4.85 [Al]

open circuit voltage 22.03 [V]
short circuit current 5.14 [A]
number of solar cells 36 in series
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Table 2 Parameter of solar cell

shunt resistance, R, 1034 [ 2]

ideality factor, n 34

diode current, Ip 8.096 < 107! [A]

series resistance, Rs 0.406 [ 2]

light-generated current, I 5.172 [A]

5.5

45

-l graph

T

T

Fig. 9 V-I curve of ATEX - SMO85Ex
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Fig. 12 V-I curve of different radiation
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2.3. A Ao] AlxH]
231 H HAWH
¥ AW E(buck converter)+= DC-DC #AWEIY 3 FF=Z =7 HAgo] 48 AY
2oy @A Yelye= A4d Aot WieA AAE o835t 2 AHSe dH
He A9E 72 M1 3 A9y 2 A HE Fold HEst AF 29
S A=t U 189S ¥ AWEHY 7B 2E YeRdTH
Q > L
[YYY) °
! Z! VL A
Vi M N\==x R w
v
9
Fig. 13 Circuit of buck converter
xHo| 7535t

ojml QAL He| Aejt AL e Aoz

di
vy =L—
L dt
o714 L& QAYHXA = QYE ZE&
AR/ FdL v 2ol Yehdo.
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10)

0 DT T  a@r2r
Fig. 14 Inductor current of buck converter

ANA, e JYH AFL 27|k, T= 7], D= FEYI(duty ratio)o]lth. 29

V,=— [ v=DV, (12)

Y5 U2 dES Ao =5ES 5T #ol vty on) DE =9A 7
EJHl(duty ratio)ehar gttt webA | AWME = 29A FERIE MIAZOEA =

g2 Age Al 5 Ytk

232, Ad AYH 2% Y3
B g wde #F 9 e B olie Rate] mel 2YE4o] My
= B de) Juddde FEehe Aolvt Basith AdwnHow HUG A
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W AWE ] FEH AolE Eol BaR Ba Axde] He WA Huad
Aol BAo] HeHES Bk g 19 AWEe Aol 7bs WS Uehat
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80 - 1
70+ 1
boost converter
L HOF B{AH Jl= =Ho g
G0 _ vy HE 7ks el buck converter
h HY HE 7ls E
Ei -
o

HiEl2) Y

15 20 25

Fig. 15 Voltage control range of converter

O P&O(perturb and observe) &ie]Z&

BloFd A A 2"l HEEE MPPT €xdE: 5 7 71249 dugEe
P&O(perturb and observe) &irg]&olty P&O dag]EFL A AdoA &4
old oA EF¥& Hlwsty] PWM FEHIE W3AIZITHA]L 1792 P&O ¢ag

Zo] A=l
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Input Vi, fw
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Pa-1)= Via-1FIn-0

Viw - dVier

Viw - dVier

l

l

AVrer

Vi +

l

V-0 = Vi
In-p'= )

|

Return

Fig. 16 Perturb and observe algorithm

T
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IncCond &1 g]&&

=
=

2 olE VELor YoM dA Atk AAE e
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Input Vi, fw

-
dVv = Vi - Via-p

dl= In) - ln-D

aav > -{v

avdv > -V —

YES

Q =0 YES

Vi + dVrer Vi) - dVier Vi) s dVieer

Viw - dVreer

l

V-1 = Vi
fn-1r = dm

Return

Fig. 18 Incremental conductance algorithm
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3. SPM AE AA A4

o]

o

r{r

HPU(hydraulic power unit)e} SPM Al 2=®l9] AEE =Y Ei%z‘s}ﬂ Ak Al
oS

A1 2 communication module 8] =2 XX 7%

X
S
=8
=
=
vje]
=
s
—h
o
o

detector, fog horn ©°] Ut}

SPM ¥ &g A" d¥S Fasty] 98 wMeds 7oz st Wi
A AN2EE 2530 o g8 ow AT oT A2ES v AE
wet RERE F7)A] AY Hgo] Haste] {A - #e FHA @xle zhe
th olE Restr] ffal EjYd B Alsw Ze A UAE AHES AT
Bk 2 Alz'le gl 596 Ad ANa"oz dxAzt S dHTd A
<= HiEg St oo wel Fste] ARFoRA g 2 8ol
e SN FHAcE T&o] Zbesite ARl Y. tw 1" SPM HH
s Az FAS M es Yehla iR,

24VDC battery antenna

main control panel telemetry

I
L
T

hydraulic

® power unit

Marine light fog forl howszer
S = = oghom s
photo cell detector = load pin

Fig. 19 Diagram of the existing SPM power system
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Fig. 20 Sensor, alarm and battery system of SPM

92 9o 4T E SPM Ao A4 B e eeae wEolt Tt AL

WE A - Al e Geha

Fig. 21 Supervisory and control system of SPM
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Table 7 Daily required amount of power generation

5 A4k EERURAN
Azl A gk (A) 24 [VDC]
AN 28] Peak A (B) 40.48 [A]
ANzl dd 28 &% (O 714.72 [Wh]
dd Ay &4 (D)=(C)x0.05 35.74 [Wh]
Ha wiE Y SAE (E)=(C)x0.15 107.21 [Wh]
Y E8 HAF (F)=(C)+(D)+(E) 857.66 [Wh]

2o AlAr Aol upel SPM Al 2Hle] A g HAFF 857.66WhE 7|FOo 2 3}
of Ej3F djdel s 92 HiEy £FS AAHINIZE ST U BYE gde
1IkW/m?® gALEoA Ao dde 85W 7]F0. 2 Alxk=E ).

Table 8 Number of minimum required installation panels

&= A2k A3k
g Hof TAFIkW/m?)  (G) 85 [W]
e o3 EE€tA (H)=(G)*0.1 85 [W]
259 o E¥€tA (1)=(G)x0.25 21.25 [W]
g gk (0)=(G)-(H)-(I) 55.25 [W]
SEPARG: (K) 54 [Hr]
Wdg dd dH8HF L)=0)*(K) 298.35 [Wh]
H& o7 Wd A (M)=(F)/ (L) 3(2.87) [#]
AA dd A (N) 6 [3]
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33.2. HEE &F A4t

IR C i

ofo
o of
)
P>
2
X
rr

o
=h

ischarge, DOD)

ol
o

ot
4>
%0
g

C=Exn, x’Tmt (15)

Table 9 Battery capacity calculation method
R Al 4k2] A7 gk

YUY Fdg TAFH x7 9 (F) 857.66 [Wh]

HiElE] 28 83 (YY) (0O)=(F)/24V 29.78 [Ah]

HiE 2] =3} B (0%) (P)=(0)*1 29.78 [Wh]

A B (20%) (Q)=(P)*1.2 35.74 [Wh]

253} 1B (10.5%) (R)=(Q)*0.105 39.49 [Wh]
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A%, ki PR BA AZ, ks L5 AR, ko FRANEE @ g =
G ANE ANE HPOE REASs: P

Table 10 Battery capacity calculation

H =2 0] 2~
S

(=39.49 [Ah]
3 4 5¢ 6

70% | 169.23 [Ah] | 225.65 [Ah] | 282.06 [Ah] | 338.47 [Ah]

60% | 197.44 [Ah] | 263.25 [Ah]| 329.07 [Ah] | 394.88 [Ah]

50% |326.93 [Ah] | 315.90 [Ah] | 394.88 [Ah] | 473.86 [Ah]

(981eyosip Jo yidop)
aoda

40% | 296.16 [Ah] | 394.88 [Ah] | 493.60 [Ah] | 592.32 [Ah]

o] = SPM Al2H"lo] AHx SARAL FE sty Rxd4 49, DOD 50%E 7]%=
]

=
o2 st wiElg] 8% 315.9AhE XA/ 2 3

34. EFF EAE 7|Hke] SPM AE A A
3.4.1. Partial shading A ejsllA] MPP ¥4
O @Y e MPP 4

R8s del H&str] As) Gl wde] HANAHHEL Vil AAE 28l A
A 2ds AEH oS =&3H Tt AdE o E9F Zh
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Table 11 Characteristics of solar generation according to irradiation

GAW/m?) Pax Vo Lugp Ve Vo Vc

50 3.92 15.95 0.25 18.58 0.86
100 8.07 16.41 0.49 19.17 0.86
150 12.29 16.70 0.74 19.51 0.86
200 16.54 16.85 0.98 19.76 0.85
250 20.78 16.92 1.23 19.95 0.85
300 25.03 16.97 1.48 20.10 0.84
350 29.26 17.00 172 20.23 0.84
400 33.46 16.95 1.97 20.35 0.83
450 37.65 17.11 2.20 20.45 0.84
500 41.82 17.07 2.45 20.54 0.83
550 45.96 17.04 2.70 20.62 0.83
600 50.06 17.09 2.93 20.69 0.83
650 54.15 17.01 3.18 20.76 0.82
700 58.17 16.81 3.46 20.82 0.81
750 62.19 16.80 3.70 20.88 0.80
800 66.17 17.01 3.89 20.94 0.81
850 70.15 16.86 4.16 20.99 0.80
900 74.01 16.96 4.36 21.04 0.81
950 77.92 16.66 4.68 21.08 0.79
1000 81.79 16.68 4.90 21.13 0.79
max 81.79 17.11 4.90 21.13 0.86
min 3.92 15.95 0.25 18.58 0.79

average 43.47 16.84 2.57 20.38 0.83

wetA] BloFg 3d el MPP= Voo 83% A9 AetollA EAdtds AS &<l
g = .
@ A4 AZ249 9de] MPP &4

partial shading @42 ol ZALE = FFY zbolo] o3l TAysHA HH, 2F
2 A48 "H$FF Hdy EF LMPP7F YeRdT) 27404 AAS SPM Al 2=El o

A TFEolY Lo R HYF dde] dFUF vl LA A H & partial shading
A4S Ao, sde] AEE Fe ztolddl o8| A Sk partial shading

a4 F 718 LMPPE ZHAl "t} o] partial shadingO] WA E Hol-ZE ZA
o] e+ vt ¥y Zo] IA F /HAE FEZ 4 ok
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Fig. 22 Characteristic curve in case of differenct irradiation between panels
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Table 12 Position of MPP according to amount of irradiation

10 20 30 40 50 60 70 80 90

Prvee/Poypp | 023 | 023 | 0.68 | 090 | 0.89 | 0.76 | 0.66 | 0.59 | 0.53

GMPP Left | Left | Left | Left | Right | Right | Right | Right | Right

Vipi/Voe | 0.41 | 0.41 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40

Vippe/Voe | 0.91 | 090 | 0.89 | 0.88 | 0.86 | 0.85 | 0.84 & 0.82 | 0.81

R, =— , G >G, (16)

T ool 2AMEE FEFe] Bl ge] 40-50% <A A T Jle] LMPPYE $U e &
©g 27 Ak FFe] Folrh ojun} FA =W, F BT wlgo] 50% ol
w] LMPPE %o AJr)a1, Beko] o)y} olrth A =W ]
50% ©14% wlE LMPP7} 220 a3},

® B42H Ag o)A

9] Wee vrgoR FA AR oA e g Ao el 2gelA A
A =g olgst B Aold] ME WARL AU ST TE 1dL
NEH A TAS UERlY B AEeold 20¢ ekt
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Imadiation2 |~ Imadiationd: \mﬂlabon&

l
g

Fig. 23 Simulation configuration using MATLAB

Table 13 Simulation condition of characteristic curve

Bla Array 1 Array 2
100
200
300
400
e ) 500
3= (W/m?) 100~1000
600
700
800
900

1000
25(TC) 25

$o] =40 3t & 100714 caseoll et Al E#Ho]lAS AP Fch S-S A
Eg ol A7 % array 1o A= FeFo] zhzb 300W/m% 500W/m?, 700W/m*Y
uj array 20 ZAEE A 7FA A9 B sty SAFAHS YeRd Aot
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S S R ¢ - S T A A N EETEeTes 30041000
D I | 1 | | | | 1 |
5 0 5 10 15 20 75 0 35 40 45
Y
(@) V-I curve
Y-P graph
20 T T T o T T T T T
: : : - : ) ) : —300/100
— 300200
200 —— 3004300
——— 300/400
180 3004500
3004500
T R SR RS S | et e SN - | S I RLUE 3004700
--------- 300/500
--------- 3004500
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(b) V-P curve

Fig. 24 Characteristic curve in case of 300W/m” on array 1
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Fig. 25 Characteristic curve in case of 500W/m” on array 1
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Fig. 26 Characteristic curve in case of 700W/m” on array 1
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Fig. 27 Outline of maximum power point searching and tracking(MPPST) algorithm
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a8 GMPP A& 2338+ MPPST(Maximum Power Point Searching and
Tracking) ¢ag]&olth MPPST & glEe 34 F FEoZ FAHAG. V A%
H diE g AG7EA] PWME FEHE HEAIA Ho AHHS 2= searching €L

S5} old FrIe} AA Fr]9 EHEke vluste Hu dEHE FIEe
tracking & %# Ut o] duglEe LMPPE 3335t GMPPE 2te=d &
ZMo] AF wWste A P&O &ig]Z&o|A MPPE

E4olv, F7F W3lol| o3 V-P

Az FF ‘3}11 3t Ade €d o A= -l Aok

e
i

@ ¢aglFe &8

SHATE PWMo2 9k ®e AAE MAst= A AA7E E4o] HEg A5 A
e AU AAE ZF ARske A2 LA Bt o= A 2 FUE F
3 AMAS ALY, MPP7F EA)5ts 3 ARHEE 5 AH AFS H 48t of
AR dagFer A3 &de < ¢ v MPPST ¢ugFe] a8 <
A= WS o 22 el o

« MA TR F&

c MR &= St

- MR F7 9%

AA SR A4t SEoF #Yo] i, AF F71= SPM Al ="le] dA 8739
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daElEe A g

B efd ddel =AEE FEF Zfolddl o @A sk= partial shading /el A
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FF g MFAAGS SAsd A HA MPP $1X9] o HAE AAFICE
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=9 MPPHY &9& vluste HF GMPPE o] &g

A ARste] T FRroA
& thest 2k

o olul MPP A% W99 7%

%
o AA F WA : Vo 45%ANA Ve 35%71A

TR A A MPPol A ] E¥o] o= A= o]olgtd GMPPE #tho] 7Hsst=
2 3 WA MPPAlA e E¥o= ta AHS 2T + Ut Us Ee HEF
gde] Ho &7 ti¥] GMPPolA o] &89 H|E yEelhdTH

Table 14 Output ratio of GMPP-to-first MPP
Rirr (%)
10 20 30 40 50 60 70 80 90
Pypp/Puax | 0.50 | 0.50 | 0.50 | 0.50 | 0.55 | 0.66 | 0.76 | 0.85 | 0.93
GMPP Right | Right | Right | Right | Left | Left | Left | Left | Left

PPol A &) &¥o] Hh=H <l 0.554) o]4oletd A A MPP7} GMPP

A HA M

g3 ks

i

@ MPPST ¢argl&

LMPPE 3] ¥]3}7] 93+ searching
A4S E35= #HF MPPST &are]

A @] Z3} searching &9+ @ searching 73t

=1
T2 Usd 2
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Fig. 29 Battery protection algorithm
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@ HiElY &F ALt

34.4. HAWE A4

7} A2d BA

Table 15 System requirement of converter

AHF AL (W) 44.06 [V]
A7 (D) 7 [A]
=931 (Vo) 24 [V]
=H37 () 13 [A]
293 F3 () 20 [kHz]

it 2919 2%
29A &A= N channel MOSFETCe. 2 st o™ MOSFETe] A2 1.44],
AAARE 37k =2 4R,
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03X LfV,

_ (44.06 — 24)24 (18)
0.3(13)(20 % 10)(44.06)

=140 (puH)

gt oY A E S

YYE AAEE 297 ARl Age MBol WA} YRS He 4L
Atk A MEBES YHARS 1% ol o AT e A AWAE
of WA HAelE Ve Fahe 4ol

1 V

o

= (7) 1 24 (19)
(480 <10 9)(20 x 10?) 44.06

=3x10" (V)

AZNA g, 485 AAAE A8 AR/, G, 48 AAAE &Folth. At
Ay At Eo] YEASt 42.06Ve] 1% olstE w3
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3.5. BB HA 7|Hke) SPM AY A A FA

QoA AskE A"l AlFS AEstd o ®eb 2ok 19 302 A4 A3E
et o 2 gjokgd kA 7)dke] SPM ¥ A AE single line diagram©. & JeERA A
o]t}

Table 16 SPM system specification

Bigss Al 4k2]
UdY "o TAF 857.66 [Wh]
oz A7t 54 [A]
B gud A4 6 [H]
Bl oFF-l E A & 344.28 [Wh]
HzAs 4 [¥]
GIR= RN A 31590 [Ah]
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Fig. 30 SPM single line diagram
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Fig. 32 Installation of solar panels

BR dde sigiisn SAtteE Sael dAHoH, REGS A% 35°
47337, A% 12920 "ol SIGAT B AL 27 15579, 335°HA
AU Aol AL BYF L AFe et %

Table 18 Specification of AP-PN 180

maximum power 180 [W]
maximum power voltage 35.5 [V]
maximum power current 5.07 [A]

open circuit voltage 5.93 [V]
short circuit current 42.5 [V]
number of solar cells 72 in series
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Fig. 33 Installation of irradiation sensor

Table 19 Technical specification of LP SILICON—PYRA 04
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4.1.2. ¥i¥ g

Aol AHEHE WiE s ESG-200 AFoz 2V HiE Y 6718 AE=E dZsho
12ve FA4=EH. WEE s ok 293 2ol FAEgen, 2= Ad A8
e 2l o] Alde YeEriTh

Fig. 34 Installation of batteries

Table 20 Technical specification of ESG—200

SAAY 2 [V]

10hr 1.80V/cell 200 [Ah]

Shr 1.75V/cell 183 [Ah]

.l ;g% 3hr 1.7V/cell 166 [Ah]
1hr 1.6V/cell 130 [Ah]

0.5hr 1.6V/cell 100 [Ah]

AFHAFLX WX H) 106170 < 325 [mm]

=% 12 [kgl
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4.2. Bl FF LA Aoy

Aol A2 G B Aojrl= 3FelA HAE SPM AHFFAI~Ee 9
AME 2L Zol7t Jorz Ao A== oSy o] ALA =HAUAT 3] A
AR SPM3} A3 A9 zol= & 1744 7I€HJow o AW A PHS 3
2o &< nigez AYPE At A Az oy Eoll YedTh

Table 21 System configuration of test

At (V) 82 [V]
=894 (V) 12 [V]
AT ) 14 [A]
293 Fa ) 20 [kHz]
Q1B El 2 (L) 121.95 [1uH]
AdZ= AAAE Ve 0.1 [V]

H2 NIxFY c-RIOZHFH PWM AlsE gwkol 15Ve MOSFET Al°olE
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Fig. 35 Schematic diagram of PWM generation board
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Fig. 36 Schematic diagram of buck converter
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Fig. 37 PWM generation board
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Fig. 38 Buck converter board
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Fig. 39 Waveform of PWM according to duty ratio
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(c) Blcok diagram of MPPST : MPPT

Fig. 40 Block diagram of MPPST program
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(b) V-P curve

Fig. 46 Characteristic curve during the day
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Table 22 Output characteristic of MPPT algorithm

B MPPT
Azt duty
panel 1 | panel 2 | solar (W) | battery(W) , Vinpp(V)
ratio(%)
8:19 555.83 113.96 32.13 28.63 16.28 71.66
10:13 875.45 159.08 39.74 34.96 16.89 69.58
11:24 926.88 295.57 72.96 60.25 16.97 70.96
12:06 901.76 308.80 93.34 74.82 17.01 71.80
13:52 602.02 342.91 130.02 101.42 17.43 69.79
14:32 464.17 378.66 131.14 102.04 18.02 68.57
14:58 370.28 395.05 99.11 78.64 17.03 71.08
15:22 261.52 404.48 69.93 58.56 16.61 72.11
15:43 173.90 413.95 48.21 41.22 16.22 72.53
16:54 78.16 391.32 17.53 16.53 16.53 71.14
average 73.41 59.71 16.90 70.92
5.3.2. /IAE MPPST &xgl&e &d A
Os 2392 7ide MPPST 2alglso 2 s 59 433 Aol
140 80
120 I 70
100 ' 7 ' ; &0
& 80 I ) =
E. l' \ 788 P 42 5
-8 8 8 R R 1 .
1
0 7z . 0

8:19 10:13 11:24 12:06

= MPPST Solar

13:52 14:32

Time

=2 MPPST Batt

1522

15:43

MPPST V

Fig. 48 Output characteristic of MPPST algorithm
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Table 23 Output characteristic of MPPST algorithm

s}k MPPST
Al 2+

= solar battery duty

anel 1 anel 2 R,, , Vinpp(V)
P P (W) (W) ratio(%) ”

8:19 | 555.83 113.96 0.21 78.72 73.15 46.36 28.00

10:13 | 875.45 159.08 0.18 72.03 64.62 37.81 37.74

11:24 | 926.88 295.57 0.32 108.60 95.08 43.68 31.46

12:06 | 901.76 308.80 0.34 118.83 103.57 44.97 30.65

13:52 | 602.02 342.91 0.57 124.82 99.92 19.92 63.59

14:32 | 464.17 378.66 0.82 134.52 105.87 20.22 63.48

14:58 | 370.28 395.05 0.94 99.56 80.78 19.25 65.61

15:22 | 261.52 404.48 0.65 70.35 59.69 19.13 65.38

15:43 | 173.90 413.95 0.42 70.93 64.34 44.20 29.78

16:54 | 78.16 391.32 0.20 68.55 61.25 45.23 29.30

average 94.69 80.83 34.08 44.50

/WAdE MPPST €ag]Eo = Alofgh Bi¢Fg o A28l 7]&9 MPPT ¢aig
2 wmsge W Al 29 Pk Zle FAY F ok =d S)E
Vv

MPPT &x18]&3 Hlugl-& of
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