LTI ﬁﬁg—?‘éﬁy A AT

KEtrE 2 KEIZIERMNGEAT 572000
STATCOM 12 X % HHmn B S 2 B9 S 58

A Study of Voltage Quantity Enhancement by STATCOM for Facilitating the
Integration of Large Amount of Dispersed PV Generations to Distribution Grid
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Abstract

Along with the increasing common concerns on global warming and exhaustion of fossil fuels,
renewable energy generation is paid great attentions and may be rapidly introduced into the existing power
grid not only at the power transmission network sides but also at the distribution feeder sides. However,
with more and more renewable energy generations being integrated into the distribution system, the power
fluctuation of these generations may cause some problems in distribution voltage and then aggravate the
power supply quantities. For this purpose, in this work, we have made an approach aiming at obtaining
mitigation effects of both rise and imbalance in the distribution voltage, which is caused by integration of
large amount of PV generations, by use of a single STACOM device - one type of the FACTS (Flexible AC
Transmission System) devices based on the application of power electronic technologies. STATCOM
model and its control systems, which have the functions of both mitigating the voltage fluctuations and
compensating the voltage imbalances, are designed and introduced into a typical power distribution system
model with large number of PV generations at the load sides. Simulation results have illustrated that the
application of the designed STATCOM can bring about satisfied improvement of rise and imbalance in the

voltage simultaneously for a distribution system with renewable energy generations.
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Fig.1. System Configuration of STATCOM
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Table 1 Specifications of STATCOM

Rated Capacity 1[MVar]
Rated AC Voltage 6.6[kV]
Rated DC Voltage 0.675[kV]
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of Transfomer
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Frequency 50[H z]
DC Capacitor 8[m F]
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Frequency
Multiplex Layer 2
Transformer Y-A
Impedance
27.73[mH]
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Harmonic Filter 40[ ¢ Fl
Power Device IGBT
I
Load Current L In Lndlng
Compensation [ ?:]mn‘l‘etriml Ip,In 3¢ -dq Ipd,Ipq , p=Positive Phase
Current ramates Vep.Ven | Trensformation| Ind,Ing n=Negative Phase
System s Tr: tion| Sp.Vsn :Vspd,Vqu
Voltage Vsnd,Vsnq
System W Reactive Current
Voltage  System Voltage P Qoptmll}? f
RMS  Constant Control  1PdVgpq ositive Phase
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—— 00— — —
Reference + .
Active Current Ba $a
DC DC Voltage Control of — —
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Fig.2. Block Diagram of Control System for STATCOM
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3I2BWT, RMEE Vs & STATCOM D HHEE
Vi OBFRIER@ TR TE D, @I kiko dg AL
M dq ZEHE FHOCCTERET S &, GXNELNRS, WK
b FEARICER LT, RB6)D & 5 ARIEM & WHRICKIT S

Kb A ) F—



ZHBE KL ONETRD S STATCOM D H /1 EE~DEFHE

Vo L] [ @
Ve :La I [+ Vs
VSC IC \/iC

d
v, :Vsd—(Ld—tld—mLIqJ 6

<
Il
<
|
-

P pa

<
Il
<
|
=

I, +oLl

.. (6

nq

&‘o— &‘::. &‘Q- &‘::.
2

<
I
<
[
=
[
e
=

nq nd

<

2

1]

<

|

=
NN N N

N"ELND, 2721,

Vipd, Vipg, Vind, Ving : E4LE4 STATCOM D Hi 15
JEBEEED d dh & q Ehoo B EM RS K OWiFE RS

Vepds Vepa, Vend, Veng : CIVEIIE L7 RHEED d
i & q B FEIEIEFH B Sy B OEFR RS

Toa, Ipg, Ind, Ing : E4LZEHL STATCOM O H)EERiHE
BIEO d il e q BT E R & O R R >

WIZ EREOIET WGl C5 bz i )+ B ARE
DIEFR Sy & WAy & VT, (D~ D FEIZ L
B BB O A8k & GRkd 5 O,

1 0 1 0 ]
0 1 0 -1
A Lo 1 N3
B, T2 T ||V
A, :FO o Vel @
B, 3 2 2 || Vin
Bl:
o 1 ML
L 2 2]
4B
L=VA2+B?, ¢=tan”' = .. (®
A
. T
N Aasin( ot+ ¢, — —)
Vi 5 6 (
Vi | = kbsin(mt+¢b77n7%) - (9
Viz 47 b1
Acsin( ot + - —
( [ 3 6)

3. BERHKEETIL

1 ETIVER

M4lZvialb—va  ARERMET VERT, B
TBHAEN LY AR Z B OB L, BlEMLER,
BlFE R A L CHEOBNFEZICEN 26T 5 4%
AR E7e>oTW D, 2T, BEHEENL 3 N7

Journal of JSES

_62_

BHEL, 9B 2375 % Loadl & Load2 THEE L C,
1R OREFEETSH, EALET 1 N7 H720
DEEREL 30IMVAIE L, 1 74 —FH720) OTEKRE
&% 3[MVAIE LT10 7 4 —& & Lz, BLEMAEEITO
BRI, COEEIC L AEERTAEE L LT
BUS2 iSOl E R ELN 6.66[kVIIC/D & 5 ICkiE

L7z, HFBIEBROA v E—F v 213 E I 0.2[p.ul i E
LT3,

FEFZ AN (Loadl2~load2) 2>\ TiE, BHEOFTFESE
HEELOTEMMICHKEL, 1 Eblz oAMAES
300[kVA] (Hf =& oA RIE 100[kVAD) & L=, KBHE
FBREIT, 2030 FIZIAEOKGIEIEBEOLE A HEE
5300 11 [kW1% 5 x T-REDE AR HS &, EEFAKREE
34 8kWIRN 1 7 4 — &2 200 HEA SN DHZ L LT
B &N, 74 —F2ET 600[kWlE L, £ D KBt
FEEB OB ~OUANRICHAFERY NHDHZ L%
EE LT, MAEE ab [#] 38%, be [ 24.5%, ca [#] 37.5%
& LT Nodeb 2 BEMMEICE DT 52 2T LT,

Flo, vIalb—rva rEE LT, 1ERORESRH T
B2 0 15D AN AT 2 B8 LTz BT, SRR O AamEE
ab [ 16.5%, bc [ 33%, ca [ 33% (JIRITFKAHH & BT
0.95) & L7z, ZHuc &y, AT & KR Em A
IZE D EBCAE L 5150 A PEMERREZ T 5,

AT, K 4 R TEEREE T TRV TRE
WFEBICL D 7 4 — X OBIE LR & AR AT 2 Ik L
- BIEAR AT A 1 B0 STATCOM (2 L » THifll4 % = &
ZIX %, Bl R BUE M TIERIC X 0 R e E
T 101£6[VITH Y, BIEA M RIT A7 E FR AL L
LT 3%%&EEL3 %, 723, STATCOM Oi%iEfEATI
A 7YY B2 S CThH D Nodeb & LTz,

3.2 KIEHHEH N EFFEHMAT

B 5 (250 U7- B 3REE 12 550 C, MPPT il % %
B L7 ECTHEREICHM L CHE SN/ — K—22Y
720 ORI EBEOFMNE 2T, 7083, HETREIIH
JEZEBE R T2 7 ) — o f L X —EER R THIE L
722011455 A 1 H O REFZE T 5 12 HE~12 1 30 /0D
MOF —2 O—EIEZ HRNZ LD 2 Uiz, 7,
KRN HE R ST KRR EICA T S35 H SR
KL bE—D b OEHERT 5, KGAIEEOSFH~D
B3 X R R BB L A BIEA THE RO MM 1%I
RHEIICHEELTWDS, £, EEOBERE CTELE
DR AR L D EER =R E LR 2% % EE L,
— M- 0 DX OTEFZ AN A ab [# 15.675[kW],
be 4 31.35[kWI, ca fi] 31.35[kW]E L7z, &b, I =
L—3 g IR 10[sec]l TH B 728, OO AT
il X B BAHOBMEEIEZEB LW & LT 5,

4 2IaL—YalRRBLUBE

4.1 STATCOM (=& 2 EE L F Ml

AK#fFgECiL, PSCAD/EMTDC v.4.2.1 Z WV T2 =
L—ya VIR EIT R o 72, ¥R 2 b— 3 DL AR
1% 5lpsec] & F%E L7z,

2013 4F



K IEFEEE KB\ RERAHENEAT 572900 STATCOM 12 & 2 M MU 23 5 iF9E
- Load1,Load2: Linel: Load12~Load21
Line2| ) " » PV System
BUS1 BUS2 Constant Power Load 0.3km Consf‘?nt PO:;V?LI.”ad of Unit: Unit Capacity:
i a Line an ine :
7.8375[MW] Line2~Line10: 15.675[kW[] ) a Line and b Line:38.0[kVAI
Li 5 2.57606072[MVar] 8.5k 5.1521216[kVar] b Line and ¢ Line:24.5[kVA]
E X " . b Line and ¢ Line * Li d a Line:37.50kVA]
Lines\—{Loadd] Load3~Load11: Line11: 31.350[kW] ¢ Line and a Line:37.
Constant Power Load 0.4km Li 1110.?-‘(?424%28[1(Va!‘]
' 6 ¢ Line and a Line -
@—--— _m_m 0.78375[MW] Line12~Line20: 31.350[kW]
Lme . ] 0.9k 10.3042428kVarl
290kV] 2@/\67]6 —-—M 0.257606072[MVar] m
Distribution Line|
Substation Line9—I.0ad10
Tap Changing Point
L. . Load11l
Transmission Line Impedance .
of Linel: 6600/105[V] ! 6450/105[V]
R= 0.0514008 [Q/km] ; SIATCOM o
XL=0.0910404 [Q /lkm] i apacity:
L . ! TATCOM
Transmission Line Impedance STATCO 1MVar]
of Line2~Line20: Nodel Node2 Node3 Noded Node5 Node6 Node7 Node8 Node9 Node10
R=0.313 [G[Ukm] | me151 Lme1q-- Linel Linel Linel Line2
XL=0.409 [Q/km

—|Lmell Linel! Linel. Linel
Frequency of Power System: Loadl Load13| Load14|

Load15| Loalel Load17 Load18 Loadl9 Load20 Load21

Fig.4. Power System Model
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Fig.5. Active Power of PV Generation in Each Node
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Fig.6 . Line-to-Line Voltage (RMS) of Node6 in case
without STATCOM
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Fig.7. Line-to-Line Voltage (RMS) of Node6 in case
with STATCOM
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Fig.9. Voltage Wave of Nodel0 in case with STATCOM
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Fig.10. Voltage Unbalanced Factor of Node10
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Fig.11. Reactive Power Output of STATCOM
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