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Study of voltage control method by reactive power supply
for PV inverters

Shunto Uchida

The Japanese government has set a goal of reducing greenhouse gas emissions in 2050 by about 26% from the 2013 level. In line
with this goal, renewable energies (renewable energies in this paper mainly refer to solar power, hydroelectric power, wind power,
geothermal power, and biomass power), which reduce carbon dioxide emissions, have been in the limelight in recent years. With the
mass introduction of PV, reverse power flow and voltage fluctuations increase at the interconnection point, leading to degradation of
power quality in the distribution system and suppression of PV output. This is because the output of PV power generation is weather-
dependent and thus has a significant impact on the grid. Therefore, it is necessary to maintain this voltage fluctuation within an
appropriate range (within £2%) when PV is connected to the grid, and flexible AC transmission systems such as stationary reactive
power compensators (SVC) and stationary synchronous compensators (STATCOM) are typical devices that provide reactive power
continuously with a fast response time and are widely used to control fluctuations. They are widely used to control the fluctuation.
However, there are some issues such as the high installation cost, which is a burden on the utility, and the fact that the system is over-
specified for normal operation. From this point of view, the introduction of smart inverters, which are PCSs with excellent power
control and communication functions, is attracting attention. Smart inverters have many functions such as controlling reactive and
active power according to frequency and voltage. In fact, smart inverters have been connected to the grid in several states in the U.S.
for several years. In this paper, the effects of recharge/discharge of storage batteries and Volt-VAR control on the voltage rise that

occurs when the demand is low and the PV output is high are discussed.
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Charge Discharge Controller

Enable
Disable

PCs
Enable//Disable

of Energy

Battery
SoC = 100%

Power Conversion System Battery
VoltageJudgement.xisx Charge
Enablc Converter M
Disable Rated Power Battery To Workspace
Initial SoC
- =
X
Discharge Setti gDischarge Current State Scope

wocurtail

outPVProfile

Point of Common Couple
BESS and Grid

To Workspace2

=

WithBESS

OUtWIthBESS

4@ To Workspace1
PV
Pbatt
C9 ol 8762
Time1
X 80. BESS &7 /L DFEAM
5 %% Procedure for Simulink section
6 %% BESS Paremeter Settings
7 RatedPower=5e6; % Battery Energy Storage System Rated Power[W]
8 BatterySize=20e6; % Nominal Battery Capacity[Wh]
9 InitSoC=30; % Initial Battery State of Charge[%]
10 ChargeRate=0.4; % Charge Battery when PV power is above[%]
11 DischargePower=0.04e6; % Discharge Battery when PV power is below[W]
12
13 %% Battery Charge & Discharge
14 sim('sim_PVShaving2.s1x',8762); %Run the sytem model
15 %Procedure to take variable from Simulink
16
17 Pbatt=ans.Pbatt(:,2);
18 WithBESS=ans.WithBESS;
19 BatterySoC=ans.BatterySoC;
20
21 %% Procedure to make table in excel
22 T=table(WithBESS,BatterySoC,Pbatt); %Export workspace data to excel, time, voltage, reactive power
23 writetable(T, 'Battery resultl.xlsx'); %Make the data into excel file
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7097 /X5 X—5—: Three-Phase Source1 7097 /85 X—5—: Three-Phase Sourcel

Throe-Phase Source (mask) (Ink) Threo-Phase Source (mask) (ink)

Threo-phase voltage source i series with AL branch. Thveo-phase voltage source i series with AL branch.

Configuration: Yo <) Gonerator type:  swing <)

Source.
Specity intornal valtages for each phase

Phase-to-phasa voltage (Vims): (22000104428
Phase angle of phase A (degrees): 0.24373
Frequency (Ha): 50

Impedance

Internal Specily short-circut level parameters.

Source resistance (Ohms): de-1
Sourca inductance (H): 1o-3

Base voltage (Vrms ph-ph):  22¢3

88. MERKFHRT v v

SHEEHT
22 [KV]73566 [KVIICZEET 5

7097 1¥5X—%—: Three-Phase Transformer (Two Windi... 7097 /5% —%—: Three-Phase Transformer (Two Windi..

Throe-Phase Transformer (Two Windings) (mask) (ink) Throe-Phase Transformer (Two Wi

ngs) (mask) (ink)

by using
o

o when neutral
pointof he Wye. pointof he Wiye.
Click the Apply or the OK button afer s change {0 the Units popup to confirm the

il the Apply or the OK button afer 3 change t the Units popup o confirm the
conversion of parameters.

conversion of paramaters

Winding 1 connecton (ABC terminss): Yo vnits | <]
e (€ ) Nominal power and fequency [Pn(VA) fnH2) ] (s0006,50] oo
. Wining 1 parameters (V1 Pr-ph(vims) R1u) 100 ] (2263 0.002,0.01
Winding 2 parametrs (V2 h-5h(Vims) R2(pu) L2601 g .
Type: | Three singi-phase transformers 8 o ¢ (Vrms) R2(pu) L20p0)1 - 66¢3,0.002,0.01

Simulate satration Magnetization resistance Am (pu) 500

Masnetzaton nductance L gu) 500
eseiremantel] tore )

Saturation characteristi (1, phl; 12,ph2 ] (pu)

89. —AREEHT B v
—dA ap—
—olfller— J ¢mor-LoERE |
—-dC cp—

[ ] 70v% )t X—%—: Three-Phase Series RLC Branch1
Three-Phase Series RLC Branch (mask) (link)

Implements a three-phase series RLC branch.
Use the 'Branch type' parameter to add or remove elements from the branch.

SRSA—F—
Branchtype  RL e

Resistance R (Ohms):

0.245324/2 012266

Inductance L (H):

1.354e-3/2 0.000677

Measurements ~ None

svven N
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Single cap or double cap

loadnewsystem.xis,,
PV >o
No——

Single curt

—>
loadnewsystem.xisx,,
wocurtail

Single wio curt

Double curt

loadnewsystem.xisx,,,
Doublewocurt

Double wio curt

3 70 185 %% —: Single curt

7Ly

07— MemamD S5
TR AT E LT, RS EURD OIS L TRRLET.

rEeTo—eRUET.

TATORMUIEATASEE, 70k Sonis SEAEERLT

770 oadnawsystom slsx

TrALDIEE ] o
o TRV —POE

¥ —MHORIEHEE

7 7RI (1)

B0y —sEHOT-SAE | WEAT

BEEEAOT— s o

Bitor s amoT SN BECHET LY
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92. PVREEMN7uvs

ans.Pbatt +— BESS%%L:@L, %O)%%Zﬁ
U —JAR—ZIOHhEns

70y % 135 %—%—: From Workspace
From Workspace

BRI, TIIE
HRAY 70 AR~ 2

R TRESNL7—910% MATLAB 7= 0 A=A, Tl T=J AR—AEE
WD £,

MATLAB B3 BT T
FoyEEHACIH, AW

B REMAN. BRATCOWTEATEC LHTEET, KR (EED
BT MATLAB IRIEAERR L. U — 78 CEcMATERELET.

TARROBA. FIIOSTEL, BIOTCI 1A RS> THBD, BOIEHBTE7—8 4> TNEBON
IRLBBDES,

WRERATE, ROLSLMRECEALET.

vartime=[TimeValues]

var.signals values=[DataValues]

var.signals dimensions=(DimValues]

WHF- 5B Inherit:auto a
47 (R -1):
Kl

FoERETS
aI0y Y I REERNT S

BROTF-SROENTA—L: | B

Q ;- 7
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Reactive Power Capacity caltulation

AN—ZDRBEERDD

Math
Function

[X] 94.

AN HRRRET B T

A (Dead band) ZR%H 5

Deadoand
~

»o

BELBH+1%

Conventional oIk VAR conlol using dro0p.

N

95.  Volt-VAR il 7 v v 2~

Reactive Power Limiter (Qcap

comes from S calcylation with PV active power)

W NS RREBZ RN IHICT

EOcam >

—>I>—>|u

> up

T

%] 96.

BN EARIET 1 7

Reactive Power Control

T e ) e

PIDFfil

T EEHBEHBADSNS

BNESES )~ +
LSRN E S — —

%] 97.

WE - WAENHAT 27
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[ ] 707 /5 X—%—: Three-Phase Series RLC Branchd
Three-Phase Series RLC Branch (mask) (ink)

Implements a three-phase series RLC branch.
Use the »: addor

e
sranchpe R e

Resistance R (Ohms):
15 os | 3

Inductance L (H):

1o

Wassiraertal None

rven w7

X 98. ElEME PV AT L) oy

da Ap
\}»n—t:bg] |— Bp—
c Cp—

[} 70w Y /X5 X—%—: Three-Phase Series RLC Branch5

Three-Phase Series RLC Branch (mask) (link)

Implements a three-phase series RLC branch.
Use the 'Branch type' parameter to add or remove elements from the branch.
NFGA—5—

Branch type c

Capacitance C (F):

Te-6 1e-06

Measurements None

Frvel N

X 99. SC (PVIVRAT L) Tmavs

SRAERT
600 [V]A2566 [KVIIZEET S

° 702 /¥54—5—: Three-Phase Transformer (Two Windi...

° F0% /¥5%—5—: Three-Phase Transformer (Two Windi...
iethess Tiicatomes (v Whdbgs) (rast) (k) Three-Phase Transformer (Two Windings) (mask) (ink)

fhy e
point of the Wye. point of the Wye.

Click the Apply
‘conversion of paramaters. conversion of paramaters.

Parameters.

contaurston
Winding 1 connection (ABC terminals): Yo e Units  pu
Winding 2 conecto abeteminalsl: | Yo Norsna omar and froquancy (PoA) )] (s00es s0) S g
o Winding 1 pramters (V1 PA-£A(Tms) S150) L1641 (600 ,0.002,0.01
R —— Winding 2 parametrs [ V2 h-Pn(Ums) 2600 L2691 (6503,0.002,0.01

Simulate saturation Magnetizaton resistance Rm (pu) 500

Magnetzation inductance Lm (pu) 500

o 2]
Satraton chaactarite L1, 1 12,902 .1 )
o e reven wr

100. ZFEEIEE



BEMOFRIKBERE S AT MBI D Volt-VARFIEIC & 5
1. BT —R EBITHER
111 BEMWOHDEFT—R

ARG TIL, 9481 TH b2 &5 1T R %365 H 8760
Keffl & LR L oBEAB A HET 5, £, EEih
DR - A N—ZENKET) - TER - JERE VI
L=y a IR EET D, TOLE HIRAEL R0
DSSoCHFH & LA B SR M HIH HAEED 2% AN 5 D
WA T & 5, 8.4H1 L 0 SoCHIFHIT, ZHEMDEMITHE
BB 2 700 L SR TUV 520%75> 590% DG CiEls

R ZE B il A Tk

P FRA

NTIIHEMARIIPVEE LV /NS EAT LERIC
D ENDIND, — T, KEENFEEEADMET A
THEA TV RETIIZEEMAERENPVER LY KEL
TAHMEMICH D, ARTIEFRIL Y, BENOLAIIPVE R
[EEMREOTINI3S1TH D72, PVEE3S [MW] L
D10[MWhl& LTELET S, Fio, KEOLEIIPVEAE/
ZEMAREDOFENL026TH 5725, PVAREIS MWL D
135 [MWh] & L TEET 5, Lieh- T, EEMARI
[MWh]2> 5135 [MWh]DHEFH TELE$ 5, F/o, 22 /3—

i3

%, S bIZ

, AT e AR B39 4811 b ik ~ T2 03— 7230%

TRy —AfE—T %, FEEROPVAR - PCSH) - i
BRIPVERL TNENOHERUITT, RKADD,

SR, BB

A &

A7 A (BESS) DPCSIZ L5,
PLE B, AR TOEEM OB — 23512
BT K T A —H ERET D,

# 4. FEOPVAELEEMARE
PVAE[MW] | PCSRE [MW] | EEHARE [MWh] | PVRE/EENRE | PVARE//PCSHRE
y?F/i‘/ylﬁzﬁkﬁ 111 79 AL 1.41
VTR
VAV AN/ A
S 64.6 48 19 3.40 135
R
(5 S BllEnT) 922 59.4 253 3.64 1.55
EMEREX A -7 — 26.8 21.5 6 4.47 1.25
sl = 2.6 1.75 1.029 2.53 1.49
NI A
(VA anm - y—5—F 423 30 120 0.35 1.41
A E )
77k (RANT) 52 37.7 208 0.25 1.38
*TT T
(3U 7= 5 39 28.6 157 0.25 1.36
BT AR
r i e 5y 14 93 70 0.20 1.51
# 5. HEEMOMRHTr—A
F—A1 =22 JT—2X3 r—24 r—A5
3 U R—HERET [MW] 0.05 0.2 0.35 0.5 0.65
FEMAE [MWh] 10 40 70 100 135
T E %) 30 30 30 30 30
KI5 2R [%)] 0.12 0.48 0.84 1.20 1.62
JiE B [MW] 0.0075 0.03 0.053 0.075 0.1
SoC [%] 26.46—~85.47 26.46~85.47 25.65—~85.46 25.19~80.98 27.52~85.47
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2R — Z R I, 20224E4 H 5> 5202343 A Tt
HREVPVHEREZ HICRRE R TRIE LT, K
S h v R E LB EIISoCOEEIH20% 2> 5 90% 12X
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By MR EERO LRI CICEEE LTz, SoCHiFHIC
2V DREEND D DIIEIRT OB LETH D, £,
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101. #—2A5® SoC

X101 D DIZ B 1} 2 DODIE85.47% 7> 5 57.02% L v

2845% CTH D, £72, DITH T 5DODITT7245%h &
26.46% & 0 45.99% TH D, SoCHiPHA20%7>590% &L 1
BB Do THUT, AR TIF20224E4 1 7b>62023$3ﬂ x
KR E L TWDNT — X OIS EFIC L 0 KEZEiC
Pv%éfﬁE‘%Dtljmfnﬁﬁugrbﬁzbéf_&)*%%%tﬁt
EE LTS,
112 EBEMOAHDENTER

HEMOZ ORI K DIETRERE RIS, i,
BEATROERMS 2 RFK & L CEELE) O IEHPH
OB Lo T220 (Ir—R4 « 7 —R5) %57,

& BT, OOl L OBLELB OERIER b T
kR
6. BEMOIOMHHER
V<=2%| 2%<V<+2% | +2% <V
Hgma L 469 8149 142
=21 289 8454 14
r—22 280 8463 17
=23 276 8466 18
=24 271 8471 18
r—25 268 8477 15

LB T 15
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fr— A 5,6 M SoC L

bND, KEEFEEDOKHE L, BRI TORIEET D, T
Te®, ZO1AREITA 7J>¥£iPE#F’EJﬁ>E&H:$5& LCTRWEZ
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