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Abstract Recently, renewable energy sources that are sustainable and eco-friendly are emerging as one
of the solutions for energy exhaustion and climate change issues worldwide. However, the output
characteristics of PV systems can be severely influenced by the environmental conditions. The overall
operation efficiency of PV systems is sharply decreased due to shutdown of a grid-connected inverter
for PV systems if there is partial shade on PV modules. In order to overcome the problems, this paper
presents 3 operation modes of a power regulation device for PV modules, which can compensate a PV
string voltage to be within the operation range of a grid-connected inverter by connecting Li-ion battery
modules in series with PV modules. Also, we implemented a 2-kW scaled test device, which is composed
of a PV string, power regulation device for a PV module, and a grid-connected inverter. We used it to
evaluate operation characteristics of the power regulation device. From the test results based on the
proposed test device, it was confirmed that the operation modes of the power regulation device are a
practical tool to improve the operation efficiency of PV systems by preventing shutdown of a

grid-connected inverter, even if partial shade occurs at PV modules.
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Fig. 1. Normal operation mode of PV system
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Fig. 2. Main operation mode of power regulation
device for PV module
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Fig. 3. Charging mode of power regulation device for
PV module
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Fig. 4. MPPT control circuit of power regulation
device for PV module
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Fig. 5. Current and output characteristics of power
regulation device for PV module
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Fig. 6. Configuration of 2kW-scaled PV string

Table 1. Specifications of PV module

items contents

rated power (P,,) 250[ W]
Pmax voltage(V,,,) 30.8[ V]
Pmax current (Z,,) 8.14[A]
open circuit voltage(V,,) 37.5[V]
short circuit current(Z,,) 8.67[A]
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Fig. 7. Configuration of power regulation device for
PV module
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Table 2. Specifications of Li-ion battery module

specifications
items

modules pack(4S)

capacit 153[Whl 612[Whl]

apacy (6[Ah]) (24(Ah))

nominal voltage 25.6[V] 102.4[V]
operation voltage 18~29.2[V] 18~116.8[V]

weight (1.3[kg] $5.2lkgl
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Fig. 8. Configuration of grid-connected inverter

Table 3. Specifications of grid-connected inverter

items contents

voltage operating

input DC 115V~ 500V
range
rated capacity 3kW
rated voltage 380V +10%/-12%
 frequency 60Hz +0.5Hz/-0.7Hz
fluctuation rate
MPPT control type perturb & observe
output

waveform distortion at
output stage

5% or less

overload capability 110% 10 minutes

load power factor more than 0.95

rated efficiency more than 96%




2§02 HEE o83 M8 HPFEES &Y

249 74 2 S48

A7\9] e AE7, BEnEY] Y FEAR|,
ASAATY AMElE AR A ARDE g 99}
o

ranometer |
L e j P String [N, 250VHAER)

pawer regulation device for PV module

Fig. 9. Configuration of entire system of power
regulation device for PV module

4. Mg 20t 24
4.1 N =
2 =2olA ARk 798 BgRE &9 24

o] 285492 ERIsk] flsted, o7IAE 3%M 73
3l A|PARE 0] 85t0] BES Uy K] &8 22X
2|7} gl Wh4l(Case [ ~ Case 1IN, &8 SZAE
&3l AYAsHES EAste WAl(Case IV ~ Case XI)
o] 854S Bl BARITE 2 T4 WA wE 2
ol vie g9 28272 Table 49} Zo| 7o,
6719] Case®& oF 1087 A&ato] AP Seafaict.

Table 4. Test conditions

Li-ion battery
Case | erminal voltage [ V] shadow area
! without shadow
existing ————
method | 0 | 4/8 of string__
111 5/8 of string
v 0 without shadow
v 4/8 of string
VI 51.2
5/8 of string
proposed | VI 25.6
method VIII 76.8
6/8 of string
X 51.2
X 102.4
7/8 of string
X1 76.8
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Fig. 12. Output characteristics of PV string with
proposed method(Case IV ~ Case VII)
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Fig. 13. Output characteristics of PV string with
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Fig. 14. Output characteristics of PV string with
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Table 5. Comparison results

i« shadow area
rrems without| 4/8 | 5/8 | 6/8 | 7/8
string
existing |voltage[V] 246 117 0 0 0
method string 1640 | 821 0 0 0
output[W]
string
voltage[V] 246 117 82.8 52.2 19.6
battery
voltagelV] 0 0 51.2 76.8 | 102.4
inverter
input 246 117 134 129 122
proposed voltage[V]
method string
output[W] 1,640 | 821 563.6 | 305.5 | 126.8
battery
output[W] 0 0 400.8 | 520.9 | 715.3
inverter
input 1,640 | 821 964.4 | 886.4 | 842.1
power[W]




ARS8 =5 A A2238 A8E, 2021

sfo, AAH O 964 AW} HAgstel L8mEo] 7
MBS & 5 gk £ 290] A2 WA 6/8%
7/89) fegel Wiskd, Aze] Aol Feo]
OIWIE Z2sshAle, Bole ele BEe 37, 4742
EQistol Ak BASHA 217} 886.41W), 842.1[W]2]
Zelo] wastel, 710] Aol gAlo] vlstel A =

°% LBEEE AL & UL & & Utk

5.

[/

g2

B LHo= 9o 9la)] 7tad
2 duge e BERE qU= Adstel AU
S BAT 4 Yt HPERRES 28 SEAXNE
Aok, AP T@ste] 712 ehoFgae] Aol
whalah AlQbek e A4l 28544 v
BA59Ic) olo] st 29 A1ATE qokshd theat
2t

2Eo] Ak

1,

AE

E70)
e

)

N,

BB Aol Aol AL o]
9] 5/87 WA¥(Case IDotH A
QuEle] Hz FAAY WALV
2EFS AMEZRE gl o &
[WIZ Z4:3H Het. mepd, 28 290
el 4ol 24 44

Mo & N

Mo 2 w2 &
m]o_?Lo;
LUJH)EFEOE

ot 9

V) EHOJ:%LE%Q =Y SELAE ol8sto]
23, 590 2EY WA 5/8%F W
Sh, Ao} Aol oste] 2lEole wiE 2] 2ti7h

FU(Case VDE©L, JAHE ] JHHAL2 134[V]
£ IEHI, AHEY &% 964.4W A5
SHA| Het. mbA], AEGO] QIHEOA EEE
Al gal AEHor EYS RASk, 719 Al
ofrgaje] Blste] 2-8aEo] FIHe & & Utk
ARkt ®Ale] s, gl HYF LAEFS
5/8%h AsHA 7 79 Bl viEE e
o] F=lof HYo] HAAF L, 6/87 7/89] =%
o] FAshd, ElEel i XEo] 37, 4=
SAMER FYEo] Adds EASHA "otk wet
A, AbRE A2 299 Aol wet 2ol

3

Ng

e 259 UG GAYE S, A9
499 28REE B o2 PPN 4 U482
Q; % gl

[2]

[10]

24

References

Ministry of Trade, Industry and Energy, Renewable
Energy 3020 Plan,
https://www.etrans.or.kr/policy/04.php, 2017

H. T Kim,
Stabilization

S. S Jhang, ‘Key Technologies for
of Power System for Successful
Achievement of 3020 Renewable Energy Policy’,The
Transactions of the Korean Institute of Electrical
Engineers Vol. 67, No. 2, pp. 149-157, 2018

DOL: http://doi.org/10.5370/KIEE.2018.67.2.149

S. J Ku, S. H Yoon, “Willingness to pay for renewable
energy investment in Korea: A choice experiment
study”, Renewable and Sustainable Energy Reviews,
Vol. 14, No. 8, pp. 2196-2201, 2010

DOL: https://doi.org/10.1016/j.rser.2010.03.013

S. J Ku, S. H Yoon, “The Electrical Characteristics of
The Modules According to The Environment of The
Floating Photovoltaic System”, J. Korean Inst. Electr.
Electron. Mater. Eng, Vol. 31, No.5, pp. 283-289,
2018

DOL: http://doi.org/10.4313/JKEM.2018.31.5.283

Korea Energy Information Communication Center,
Global energy policy trends, 2021
https://www.etrans.or.kr/policy/01.php

Byung-Mok Kim, Hu-Dong Lee, Dong-Hyun Tae, and
Dae-Seok Rho. “A Study on Output Enhancement
Method of PV Array Using Electrical Circuit
Reconfiguration Algorithm.” Journal of Korea
Academia-Industrial cooperation Society 21, no. 8,
pp. 9-17, August 31, 2020

DOI: https://doi.org/10.5762/KAIS.2020.21.8.9

Dong-Hyun Tae, Park, Jae-Beom, Kim, Mi-Young,
Choi, Sungsik, Kim, Chanhyeok, and Rho, Daeseok.
“A Study on the Efficiency Improvement Method of
Photovoltaic System Using DC-DC Voltage Regulator,
Journal of Korea Academia-Industrial cooperation
Society 21, 17, no. 7, pp. 704-12, July 31, 2016

DOI: https://doi.org/10.5762/KAIS.2016.17.7.704

Seungkyu Ock, Oh Yang, “A Study on the New MPPT
Control Method for Grid-connected PV Generation
System”, Journal of Korean Institute of Information
Technology 10(2), pp. 28-35, 2012.2.
http://ksci.kisti.re.kr/search/article/articleView.ksc
i?articleBean.atclMgntNo=BDCHBX 2014 v13n4 43

Jung-Hyun Kim, Gwang-Seob Kim, Kyo-Beum Lee, “A
Sensorless MPPT Control Using an Adaptive
Neuro-Fuzzy Logic for PV Battery Chargers”, The
Korean Institute of Power Electroncis, 35(2), pp.
43-52, 2015.4

DOI: https://doi.org/10.6113/TKPE.2013.18.4.349

Y. S. Hong, C. S. Kim, B.J. Yun, “A Management
Method for Solar Photovoltaic Power Generation
System Using Intelligence”, The Journal of The
Institute of Webcasting, Internet Television and




2§02 HEE o83 M8 HPFEES &Y

249 74 2 S48

Telecommunication vol. 6 no. 2, pp. 35-41, 2006
http://www.jiibc.kr/bbs/board.php?bo_table=collec

t_paper&wr_id=1420&page=3

&1(Dong-Hyun Tae) (™3]
+ 201449 8¢ : P& nS St
] 7] 5151-31} (::161-1\].)
+ 20169 89 : T #7|5st
I} (FEAAD
* 20199 99 ~ @A) : FHsH
7155kt waby Ast

FAER
HAAE 28§, AAZAA], holazaz|=

21
(=]

& 2(Byung-Mok Kim) [=slg]

£ 20119 39 : 714w
H71Fskt (ZoD

£ 20134 89 : Sriorel 17155}
IS

£ 20144 39 ~ @A) : Fste A
71gekat wpalag Aot 5

(T EoR
HAAE &, AR, AMtEIRE, 22H4X]
0] & S(Hu-Dong Lee) [H3lg]
+ 20164 8¢ : =& wSHsw

A1 B3Nt (FIAD

+ 20184 89 : Brhere 27135
3} (FSHAP

£ 20184 99 ~ B4} : Frharel
71831} WA At

-

TP
]

)

g 4 EHAE, AR A, A7 AEA

=~

25

g

2+ M(Kab-Seok Kang) [Hslg]

+ 2011 8¢ : HsAdgy sk
7] 58S AD

+ 20199 2¢ : =7l nS st
ety A7) ZatalER)

+ 19974 64 ~ 20174 59 : 3=
ZaE st AntERY|Y 3

+ 20179 6¥ ~ @A : S=EY
et AntEAY]T W4

(T Eo)
A /viA AT, BAPILAA, A7, H714dH]
- [ff AM(Dae-Seok Rho) ENEEE

- 19854 29 :
st (FotAh)
19874 29 : Sojstd A
3} @A

19974 39 : Y Aol

-+ 19874 3% ~ 19989 8¢ : §h=r
A4 AFY/AYATY

: 73&%71%11%EH st A7 4454

@y ED

puAl= i

/8 AE,



