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Abstract Recently, the Korean government has implemented a policy to expand renewable energy
sources. Large-scale PV systems are being actively interconnected with the distribution system. On the
other hand, when a large-scale PV system is installed and operated, the customer voltages could violate
the allowable voltage limit due to reverse power flow of the PV system. To overcome these problems,
an enhancement method for hosting the capacity of the PV system in a distribution system is being
actively conducted. Therefore, to improve the hosting capacity of the PV system, this paper proposes
a model of a reconfiguration of the distribution system, which is composed of three sections and three
connections based on PSCAD/EMTDC S/W, and proposes an evaluation algorithm for the feeder
reconfiguration to maximize an adaption of the PV system. In addition, this paper presents the optimal
method of the feeder reconfiguration section to evaluate the maximum capacity of the PV system to
keep customer voltages within the allowable voltage limits based on various operation scenarios, such
as the capacity of a PV system and section of feeder reconfiguration. From the simulation results based
on the PSCAD/EMTDC modeling and evaluation algorithm, it was confirmed that they are a useful and
practical tool to enhance hosting the capacity of a PV system in a distribution system.

Keywords : Enhancement for Hosting Capacity of PV System, Feeder Reconfiguration, Evaluation
Algorithm, PSCAD/EMTDC S/W

B =2 AAEIAERY] QYo FaovR]7|&e 7t A7HNo.20172410100030)2 ol A]71&H 7+
2171(N0.20182410105070)°l 2Jote] = A2

*Corresponding Author : Dae-Seok Rho(Korea University of Technology and Education)

email: dsrho@koreatech.ac.kr

Received September 9, 2019 Revised September 30, 2019

Accepted November 1, 2019 Published November 30, 2019

239



SHEARSH7| &80 =2 2] #1208 Al11%, 2019

=2

—

1. M

]
L

AEE= FHEAR Qloto] Hgk Y] viF
HgHd 9 FEEA S4Y AgZANAA
ALS sk AgNHA 30208 APk 3l
o} E3h 7129 HFEAdl FE3HATE flojA L,
IMW ©o]5te] g de FARte R J&T 5= IA
=of, -8 B ggH o] vidA Sl AAEL Sle A
Holct. wabA, BggxYe] E2o] Holau|gH) o
3%, 87t ZAStol #AAFEA220+13V)E A
oA El= ARl IS 4= Qlrt E3L mIARSHE
71082 Y7 He Aot HggHdo] dA
e A9, ARt Al Y @o] HASkaL Qlet. ol
t EAEE siasty] Yk, A RIA e g4
t =l gk AURMES) Weto = ARAAE -89
HRAB oA BFEAEY =842 FIA7N7] 9
AG7h 5] o]FofA| AL QleH1-5].
waba], B =Rofli AR -A o) olgt e FgHYel
848 S Y3 LRSS AR AH L
2, iadE FA 7 2 egHY 94 &5 59
ThgRt 28 AlvE] o] 715tste], Wet7] 2215 A5t 4=
B7HAdE FEAGEY olHE |Ask= Hd S
AY 85 A5 fsto] HH9 ARHEA k&
AR &S HjAAE RS ZEIFQ]
PSCAD/EMTDCE ©l-&st, vixd-8 Hxd, Bidgd
4, 87t 3RS AT|ARe BFARE F/dE )
AAEY Bdgs ARt B3, 44719 RS Bt
FOo= HUYFALS e 8T £ = AREA
BrIgaEEE AR AR viHAE] S84 3
ZIgaEET DUy ugo R 87 EAS B
A%t A3}, 87 HiFgH o] dAE HAMRE &
9] o7t dolgle A=et FAste] AAdstAl =W,
o ©2 89| A dY AAVt 7hsTh, £ =&
9] F-844L Eelstarh

= &0

=2

o Qo ok

—_

OFx{ 2|

O - =

2. H A Al HEASS =ME

B
_—

Adtz o 2 WiAHA B AE FAMYY] 24159 &
7HAYS FAALH(220+13V)E 8XA]7]7] Y8,
0385} Al 7|Eo 2 WjdARe] AT HE 2

240

o

gieh ey, "R de] dAlEE AS AR Al
o FALANE Holer /B4l Slo, WaAEe] A
o F=7F Askd 4= Qlek Fig. 12 WAR3E 71E
o= 9lolo] gjoFgzo] AAE MAMRZAAN FHE
ol w2 87} R Aolet. Fig. 19] a
2 W28 EH7MVAY Be] HYEAol, Fig. 1
9] b x= HHESHAMVAIY Ho] HAELE vetd
ot} o] oAt o], HiggHo] AAEHUS
A%, HIRs Aol AERAAYE AN, RSt
Aol AL @Fol TAste 2 & 4= qlth ol#gt
A sidst] fiel, HYgALe] widAE 84
FFE ST gt A 28%E & 5 At

=2

O
AYEYS

Ql
El

A
nn

——7MVA —a—sMVA

2400

2350

2300

2250

2200

2150

2100

2050

Fig. 1. Characteristics of customer voltage at peak
and off-peak load

3. M2ZH0| 23t EjLEH A0

HIHASS +8d ordue

A

=

o re

HiAASOlA A AAHAY AA 5
o} =87l FEAMHEAE BloluA o, mid
A& BFFaYd 48490l AshE 7Fs/del At wt
A, & =2olre BiFdade] 8353 ot d=dA
AluE] e ZRtste], Bggid 849 P17
95t HA o] A=AAEE Ashe WidASY &
3 B EE AAIREE. oo tigh AARE W7t

+ ohew gk

[Step 1] EA| 7Vt &= Y i v = AE,
Az 34, Foig, A7) 9 59 #id
A% dolelet sggAde e A
gt}

[Step 2] EA| 7t ¥ Case(t)E A5ty
Case(i)& Z7|#2E HAA3Ich



HAd= Ao o3t fFFHAY 84 TSl B A+

[Step 3] 31 Case(i)o] tisto], ALz Ax77H (€, ()& I Case()E BA Ao
A 9] Folgeko] o] 10MVA o<l 3 2 AR},
S Azt B3 ACs ket
o wEhA, Ao Aae Ezoien Yehd Fig 2

[Step 4] B E AA|F7E HA 9] Foph8Fe] ol o} pt.
10MVA u]gkRl Case(i)oll diste], e
2219 AAGH(C,, ()& 27ko= A T
et} E3) A=dsel A=23ke 42
n,mO2 A3t

ionfeeder

‘ assume reconfiguration of ‘

[Step 5] & 87} F#1tol| tiste, A5t =871 inputfegdeldala
(V. (nm))E Eq. (1 ol8ste] 413 | e
S FAPEYIS) B Bq. QoA A1 i
3t Zro] 0~5%°lH 13,200, 5%~10%°]H
12,600’ 10%—% }_31]-’8‘]-15 12,000%E é assume reconfiguration case(Case(f)) ‘
i} i
\ i=1 |
\
Vilnm) =V tnm) < 20 v s, @) E@
tap

hosting capacity of PV systemin Casef(i)

m—1
(Cey(D)=0

V; - Z I/‘;)ri (n,m)
m=1

%

Kl

AV

pri

(n,m) = x 100% (2) ‘ n(feederno) = 1, ‘

misectionno) =1

)
‘ calculate voltage of first customer

Coyli) = Cay(i) +4

o7 A, n: AEHE, m: H277L V,(nym): n¥ 4 — bulrm)
29 m¥A 77ke] Ast £87bASk, V,,(nom): n¥ T nm)> VP

Mol mA FIHS) 122 AL, V,, : et
7] 132 9 A,V FAhErIRE Qaie-871t
A9 A AW, f,0 HHE, AV, 1% A

W3t v, EiEE AL SEAY

[Step 6] [Step S5IoIA AFFSE 25t $87PH<¢

(VielmmDel - 3aeasiel 42 e
(Viimit V& HlofuA] ghom, g

5 Z7MA [Step 412 EoRIth
[Step 7] [Step 51O1A1 APgRE 2ol $87bA%k
(Vi(nm))ol #3137
(VippertimiyS oI, omi] ei37d
9 AAEHC,()e T Case(® 4. PSCAD/EMTDCE 0|
o &For s, e AAlTRE A ES] Day
Case(i)?] [Step 3122 EoRitt.
[Step 8] 2= Case(i)oll st g AL 41 HRQEHXA D
e AT &, o] FolA H 9] AA8=F

Fig. 2. Evaluation algorithm for hosting capacity of
PV based on primary feeder reconfiguration

ro

H2EH A

241



2

5}7] &9}

A7 &85 =5 4] 41208 A11E, 2019

PSCAD/EMTDCE o|&3}o] uj-gu A0 ml]
S5, Fig. 33 o] Wepd & . o714, uj
A4 FHRb|E 3EA Y, Y, — AZA
Al 33 21RE A|ASE] ffsto] et 2
AHFALS ZJ88ka Utk ESE FHQLY] 23&-2 ujHA|
59 AFARE A1 fi5te] 0.6[2]19] NGR(neutral
AAsHe AoR 7Hsich

o
=
3&

o™, 32

Ade

LR by

ground resistor)&

Station 154 kV bus

= Subsiation .. —
Mzn :Contras
NGR2 NGRL
OFF oN OFF oN
° [
1SN
—_—
1.5915 [mH]
P vz (u ! NG

0.001 [MVAR]

Fig. 3. Modeling of main distribution transformer

4.2 EfoiEiel ouy

AL ASAAR AEo] dsto] Bx= o
£ fadds 2agEe Aofs 98, P
olgg AR AFAC] FHLEL Eq. ()7 Eq. ()
9} 27, o] Alol712 meYald Fig. 43} 2} of7]A,

QuiEo) AR Aol %
whgo] RS AR 5

gy gqAEd g=o)7]
o2 Aojgt 4 Yo, 101

a

Vi=opa= 1)) » (bt =) =1+ wL+V,, B
kl
V== 1)+ (b4 =) =Ly = L @
A7IA, v, v, dHE &L 9T d-oF A,
Ly c QHE 289 7124%, 1, 1 d-gB713E
Aol olFt A% WRER), V., : AT £AHY
=
Vd'—

System Frequency [radis]

242

Ire_q

value of L filter

377.0 IE]
System Freguency [rad/s]

Fig. 4. Modeling of current control in PV system

’%7]«1 Eq. 3), @A 7=t Vo V, & d-q EH

B2 5o 349) WY WHHR, IGBTE F547]
7 9% 6] AEE AGEE PWME REPsH,
Fig. 59 2ol vebd 4 7]

W

T

E?J

T
@

ay

7

T

@
by
H

T

E?J

2

=]

E:

2

T|

?’jr—;

2

5&‘?‘1, A&AAE IHEE 2D Fig. 63 2L,
PWM 2278 2 6719] 293 450 9fsto] Bk
FRoM B4E DC E8& 120°9] 3AE 2= 3
29 ACE=or HEA{IH.

o Al omy A e
B 0005 [H) . . v :
— H e n. c 'ﬁo;ﬁ{ ¢ VE -
E: g oz G ¢

i

Fig. 6. Modeling of grid-connected inverter

lunl 10000

4.3 £87155 Dy

F-87Htsk= RE-5H} L3, CHoE MCE £3ts}
o] tfet AERAT 1) 2 As 248 BoF
AUEE Fig. 73 o] mAYSIATHS, 9, 11]. &, R(A
FhHEsk= 10kWi~1IMW] HH2 2Ho] 7ksdtal, L
YT CEAAM)ESH= 10kVar]~1[MVar] HA=Z
ZHo] Vot E ettt



HA

gl

A= ZAo] o3t BFFEL 484 TRt #E A+

Fig. 7. Modeling of customer load

4.4 HENZ BH DY

A A% 383 8 274 olgstoel, wiHAzel
AAE mEYshd Fig. 83 o] thehd & it o] 11
ol o], 2] WAz ME Belet 7219] 7]
71% aok gl AL, B WAL AAE
715 bet gol Esle] T AzE WA,

-

L o o {1 —e e []

another feeder

O

self feeder

[0 OPEN B CLOSE

Fig. 8. Modeling of feeder reconfiguration

45 TH| BiITAS 2R

4719 W8S HiEo® PSCAD/EMTDCE o83}
of, B HE WAL, HIFHY, F87F BAKRE 5o
TE AA WA YEHE Fig. 99F Zth 7]
A, A HFES vjHE WAL, BE HUgHY, C= 48
7} B3}, DE EA Al dAARE veRd Zloloh

Fig. 9. Modeling of entire distribution system

al A

5. AlZ2|01d ZAu & EM
5.1 Alg2o|d =H

B =RojMEs wiEAR HA 77 © BFrEy o
Al & 59 Tt 8 AluE| Qo) 7]Etsto], =87}
AR FEAGHAE 2T61A] e SHYFHYY F
o 838 Ags7] Ysto], Table 13} o] AlE&Hol4
27 3TH12]. o714, sidARE 9719 ke
2 e, 19 7R CNCV-325mm?, 382 1.2km,
2~7H 7R ACSR-160mm?, 3L 3.6km 8~9¥
T2 ACSR-95mm?, G2 3.6kmZ A7getct. T3,
AUZ9 Mgt EEES WAV AYH o
0.5%)7} AYA APTSH0.5%), A WAL= 9t
BB OZ At g, wiHSHHA] $EH
P2 13,200[V]S] G2 A7gstH, v|dA] Al 34
HA7|9] 1A% e 1~5W 7R 13,2008, 6~99H
T2 12,6008 2-83ich. T3, ejggdde 2+ &
Al 7] el 6%, 99 F3tol| 4 AAISI E3L
AR FA| Al A de =845 B4 st
of Table 29} Zo] AA| F7-& 473} o714, A=
A A9l 7 AR9] Holgsgo] 10MVAZE 23tol= 7
F= A g, AR AL FFHCE fAEHE
Zloz AAgsto] Qb sjdARE HAdseof et F4F
Her] WS AjAAelic) E3L A=EA o]He] Hakg
F2 g3 75t A(TMVA)RL HHSH A(AMVAYE L#st
of 7z} Fztol| F55HA EHiEE AeE s, 7t
Case &8 YA Ho] AAHA PUS Al =871 A
B4 E4sto] AP A48 wdst, dA7 7s

ek Casedl A9 HiFFAeY AA &3 ATt

243




SHEARSH7| &80 =2 2] #1208 Al11%, 2019

o ABIL A=
Table 1. Distribution feeder conditions A2 7BHsh A HERD: o] Z1-of|Aef o] 61
‘ — 2ol 1 WA S87ke) IS Aol thehde o
contents | 77 T impedance | 17E QI3 4 9et.
(mm”) (2/kem) mn
section 1 CNCV-325 (,)'017254 1.2
+0. Table 3. Available capacity of PV system in Case(l)
0.182
tion 2 ACSR-160 . .6
section +0.391 3 hosting capacity(MW)
0.182 load Section G Section 0 total
section 3 ACSR-160 - 3.6 cction cction
+j0.391 peak load
0182 Py 035 383 4.18
section 4 ACSR-160 ’ 36 7
+j0.391 off-peak
X ~ 0.182 load - 1.36 1.36
section 5 ACSR-160 +0.391 3.6 AMVA)
. - 0.182
section 6 ACSR-160 +0391 3.6
. 0.182 ——va ——avva
section 7 ACSR-160 +0.391 3.6 .
section 8 ACSR-95 0.404 3.6 E S O g e A S T P PP N A S .
+j0.484 : 2300 g === P‘-‘H\\ P T
tion 9 ACSR-95 0404 36 N4
section +i0.484 . e
reconfiguration ~ 0.182 2150
line ACSR10 +i0.391 0 S PO PO U ot S FUUY OO A VU U SN DUV EUUON U O A

Table 2. Reconfiguration cases Fig. 10. Characteristics of customer voltage in Case(l)

reconfiguration section with PV system
contents
feeder 1 - section feeder 2 - section
Case(D) non reconfiguration 53 ﬂﬁ’giﬂ A| —)F'g'ﬂﬁﬂ %g_z_*—-ll
Case(Il) 3 3
= i) AFE
Case(lll 3 6 5.3.1 7t Case(i) &3
Case(IV) 3 9 Table 49} Zo], A} Case(i)oA TAFNE 7|&E
Casefw) 2 : o wjddre] & H3l8Le B, Casell),
C VI
o) ; 5 (I, (V). (VIID, (IX)%= Hze] 2ahgeFo] 10MVAS
Case(VIID) 9 3 z235t0] A2 AA7F BE7Fs51aL, Case(V), (VI), (VIDO]
Case(IX) 9 6 N 7Rsghe oF 2 9lk
5.2 HH|GIX| Y= Ao 2271 EMEN Table 4. Available cases for reconfiguration based
on load capacity
714 HiAAR AAE SHA &2 Aol tista,
_ load
HFgAY AA Lo e S87HHY EAS AAISH contents fcustomer oad(MVAJ available cases
eeder 1 feeder 2
o} 7P 71Egk 22090 AR el oW ko) e Casell) 2.333 11.667 unable
Aol AREL AL 2871ALo] FAALH ] ol Case(IIl) 2333 11.667 unable
. ’ Case(IV) 2.333 11.667 unable
2 fAEE Y HPFFHde =985 4Pgstd, Case(V) 4667 9333 able
Table 33} 70o] UeRd &= Qlt}. of7]A, T3 +s) A9 Case(VI) 4.667 9.333 able
- g0 Case(VID) 4.667 9.333 able
AA 7heet BFEAY 2 67714 0.35MW, 9 Case(VIID 11.667 2333 unable
?—7]—0]]/%1 383]\/[\5(/0]1]1 —‘?—-o]— /k]_,] 0:]7:" 7}___0]- EHOC}: Case(IX) 11.667 2.333 unable
FHY SFL 6734 OMW, 9774l 1.36MWo]
o} 3HE, 719 2ol Ad =8 g el 5.3.2 Case(V)Q| 7MY EHEN

Ad A9 1P 874 S5 YEE Fig. 7] M=ol oW 7k} EF Azo] 3W 7bo] A
103 gt o71A, AAE wAwet A WEWE, A cage(v)ol distd, @A) Al BokRAAL AR 49k

u=

244



HA

gl

A= ZAo] o3t BFFEL 484 TRt #E A+

S ), 871 AYEAS Fig. 113} Zo] Fars}
(TMVA)Q} AESHAMVA) BT 1~977 oA F4A%L
HE "ojuA] = A AT 4= ot &3 Table
59} Zro] ma RS} Al =¢ 75t gAY 8%
A7 AZ] 6FZoIA 8.14MW, EMAZOl 977t A
4.12MwWolH, F 7o Mgo] & o 12 26MWE Al
e, A5} Alo= A7 AR 61714 5.50MW, Et
AR 9FZHfA 1.07MWRE F 719 Ad=zo] & 2
6.57MW= AP Hct. webA] Case(V)e] A9 dAIE
514 Aol Hste] ARSE AE 7IECR
52IMWE 3712 QAT 4= &S & 4 Ut g,
o383} Ao BjgYo] 12.26MW7t A" 49,
7 219) 87 AdE YEhAH Fig. 123 241, 3%
3t Alof| EjgAYo] 6.57MW7T AAE A9, ez
9779l 871 AYS YW Fig. 139 Zth of7]
A, A BE-E AA oA 87y §40]1, B F&E
2 AA o]%9] BHoF HA| osto] 487} HYol
NagE & & Sk

—4—7MVA first customer =—+=7MVA last customer =8=4MVA first customer —*—4MVA last customer

oo
oo

3l
al,

2400

2350

2300

4
2250

2200

2150

2100

2050

2000

Fig. 11. Characteristics of customer voltage in
Case(V) without PV system

Table 5. Hosting capacity of PV system in Case(V)
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Table 6. Hosting capacity of PV system in Case(VI)
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. Characteristics of customer voltage in
Case(VI) with PV system at peak load

Fig. 16. Characteristics of customer voltage in
case(VI) with PV system at off-peak load
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Table 7. Hosting capacity of PV system in Case(VII)
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Table 8. Hosting capacity of PV system at each case

hosting available
load contents capacity capacity
[MW] [MW]
Case(l) 4.18 -
peak load Case(V) 12.26 8.08
(TMVA) Case(VI) 14.66 10.48
Case(VII) 12.43 8.25
Case(l) 1.36 -
off-peak Case(V) 657 5.21
load
(4MVA) Case(VI) 8.38 7.02
Case(VII) - -
6. &=
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