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5 m Three-Phase Battery Energy Storage System

1.0 How to set up the Simulation

Load the library (Battery_Model_v2.pslx) and simulation case (Non_Swtch_Battery3PhMarch2018.pscx)
into PSCAD. The library is already linked with the .lib file as shown in Figure 1. There is no need to link

the object files for 4.6 version or better.

LEJ BatteryModel3PhaseNov2017

..lw |
{3 Battery_Model V2 || project Settings - Battery_ Model 2 X
P<] Simulation Sets

General | Fortran  Link |

Additional Static Library (" lib) and Object (*.obj/*.0)files

.\lﬂ) 3{Compiler)\Battery Model v2lib Browse... |

Figure 1: Simulation case and the library file linked with the object fields in the Lib folder

In each folder, there is one .lib file, which is compatible with associated compiler.

For example:
The .lib file in “ I+ 15 7 js compatible with Intel-Fortran Version 15 compiler

Or
The .lib file in “ *+ 942 7 g compatible with GFortran version 4.2 compiler

In addition, the “Project Tree” shown in Figure 2 displays the sub-modules in the simulation. Click on the
modules to navigate between them. For example to see the graphs and to controls click on the
“Graphs_and_Controls” module or double click on the module shown as follows (it can be found in the

main canvas).
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1‘3 BatteryModel3PhaseNov2017
={_3 Battery_Model v2

Graphs &
Controls

| Main

— | Graphs

— B Battery
@] DC_DC_B;
@- ] VSCandCtrl_1
LJ Load

\

Figure 2: Use Project Tree to see the submodules and navigate easily trough them

In addition, the signals in the canvas can be traced using “virtual wires” option shown in Figure 3 . The
simulation must be compiled to activate “virtual wires”.

Home Project = View§ Tools Utilities

[] Bounds [] signals g
_ [] Bus Monitoring [] Sequence Numbers
W?:;:& [] Grids ﬂD Virtual Wires Sc;?,‘,',
:’mdo'.vs Canvas Overlays

Figure 3: Use Virtual Wires to observe the signals in the canvas
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Three-Phase Battery Energy Storage System

2.0 General Description of the Battery System

Figure 4 shows a three-phase battery energy storage system (BESS) comprising of Buck/Boost DC-DC
converter and voltage source converter (VSC). A general description of each module is given to explain

how the system works and what functionality can be expected from this system.

This converter
controk Vidc

adQ P= 259005
Q = 4.076=007
4+ 4 e ‘__:_;_ T \.=-‘1__| umec .
o Baxten 2] DGDC pe |Inveter " _—-—————————4
—  k - 9 %
P = -0.005291
= -0.0101
V=1
¥ E-O—+
+

Mono -|
Tape E ]
ABG=G B ‘ﬁnj i IF‘l‘ N

Figure 4: Grid-tied battery energy storage system (BESS)

The battery is connected to a DC-DC converter (Buck/Boost converter). The DC-DC converter operates in
Buck or Boost mode to charge or discharge the Battery. The DC-DC converter connects to the grid-tie

converter via a DC Link system. The grid-tie converter controls the DC voltage (V_DC) on the DC Link and
reactive power (Q).
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2.1 Battery

Figure 5 shows the Lithium battery model and its parameters. The DC voltage rating for the battery is

500V. This model is based on a few simplifying assumptions and has some limitations [1].

Assumptions:

During the charge and discharge cycles, the internal resistance is assumed to be constant.
The amplitude of the current does not have any effect on the internal resistance

The discharge characteristics curve of the battery is used to derive the battery parameters,

since the discharge and charge characteristics are assumed to be the same.

The amplitude of the current does not have any effect on the capacity of the battery (No

Peukert effect).
Temperature does not change the model’s behavior.
Self-discharge of the battery is not represented.

Charge and discharge history does not affect battery characteristics (i.e. No hysteresis)

Limitations:

The battery voltage cannot be negative and the maximum battery voltage is not limited.

The capacity of the battery cannot be negative and the maximum capacity is not limited.
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—| Battery

(a)

ot [Battery_Model_vZ:battery] id="1322777648' X

Configuration

et FITew

Battery name

Batl

Data entry

Shepherd model

Mominalvoltage

0.5 [kV]

0.0167 [kA*hr]

Loss of capacity at nominal cw

20

Initial state of charge

State of Charge [%]

30

Three-Phase Battery Energy Storage System

p
- =
Vbatt .
®
N

4 General
Mominal Capacity
ResistiveDrop
Voltage at Exponential Point
Capacity at Exponential Point

Fully Charged Voltage

0,95 [pu]
0,001 [pul]
1,03 [pu]
0.4 [pu]

1.15 [pu]

(c)

Figure 5: Lithium battery model and parameters

(d)

Page 4



mw Three-Phase Battery Energy Storage System

3.0 Buck/Boost converter

The Buck/Boost converter is shown in Figure 6. It is connected to the battery (Low voltage, VL: 500V) on

the left side and connects to DC link system on the right side (High voltage, VH: 1kV).

IH an
= T

AL TS

GBuck

%ﬁ
PrefBatt

100 [uH] 100 [uH]

IS

B,
el

[+
DC/DC 4

A

GBoost

8
il =f b+
I
A
5000 [uF)

[wyjow] pry

(a) (b)

o' [BatteryModel3PhaseNov2017:DC_DC_BiJid.. X

Parameters

Ml Tew

Converter On/Off [On:1; Off:0)| DBk \
Rated Power [MW] |1.0 ‘
Power set-point [MW] PrefBatt \

\

(c)

Figure 6: (a) Buck/Boost converter module (b) power electronic circuit (c) input parameters
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3.1 Upper level control system and ratings

The upper level control system is shown in Figure 7. This control system is manual and also accessible in

the “Graphs_and_Controls” module.

The control panel “Charger On/Off” is to enable/disables the Buck/Boost converter manually. This
controller can also be provided automatically based on an over-voltage or an over-current protection

system.

The other controller, “Mode” controls the mode of operation for the converter therefore the battery can
be charged or discharged. This controller is also manual. However, it can be programmed automatically

bases on a power management system.

The SOCpermit is a signal that does not permit charging or discharging when SOC is above 100% or less

than 5% respectively.

Buck B.. =
Charger On/...
OFF ON Charger On/fOff
4 b.—1 1
s 1 s ’ll_j‘_[ DElk 2 [ 2
O ck
Buck B.. = [S:C:E - SOCpermit
Mode
5""|?=rr"t N
Dlxhg. Chg _ SCpe
-ﬁ ld]:)l ﬁ Hﬂd_ { 3 A :rE?::?t
4]

Figure 7: Upper level controllers

The reference power can be varied for the converter using the slider shown in Figure 8. This value is

selected based on the ratings of the battery. In this example it is 300kW.

Storage system

Battery state... Pbatt ref
0.3
g al_
0 g =k 4%
—0
81.9447 0.1

Figure 8: Variable input power using slider in the Graphs_and_Controls module
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3.2 Lower level controllers

When the converter operates at dis-charging mode, the Boost converter is enabled (see Figure 7). The

Boost controller is shown in Figure 9 where the reference power is compared against the low voltage

side power (battery power, Pbatt_pu). The Pl controller with KpBoost and TiBoost coefficients and its

limit for duty cycle (DlimBst) is shown in Figure 10.

* G N
Vo . [] iwst [Poa VO Bhait pu
[Prate]»/EJ
EnEE)ost DC
Rst
I |
nf* o Jout

[ Pref ] [>>N% N/Dl5=f ho D@
/£) 1\|: Frz

Prate Pbatt_pu

Figure 9: The power controller for boost converter

ot [BatteryModel3PhaseMov2017:P_AntIWInd...

Configuration e

e A== R

DC DC Bi: Controls

DmaxBoost| KpBoost | TiBoost

Maximum output limit CLimBst i
Minimum output limit 0.0 L

—==0.9
Proportional gainkp KpBoost E ﬂ
Integratar time constant TiBoost = j
Anti wind-up gain 1 | :_0 =]

082 |

10
4
El

0

—10

- =

le

Figure 10: The parameters of the Pl controller for boost converter

When the converter operates at charging mode, the Buck converter is enabled (see Figure 7). The Buck

controller is shown in Figure 11 where the reference voltage is compared against battery power,

Pbatt_pu. The PI controller with KpBuck and TiBuck coefficients and its limit for duty cycle (DlimBck) is

shown as well.
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B DC_DC_Bi : Controls =]
'H' [ DmaxBuck | KpBuck | TBuck |
DiimBck =09 =10 -10
DmaxBuck = ﬂ = ﬂ | = ﬂ
/I [ N
.H- Kpéuck -0 =0 =0
KpBuck 09 | o5 | o005 |
.H' TiBuck EnBuck
TiBuck Rst
* * In Out |
Pre%_pu -1 D\ -1 Ref_Buck
F Frz
Pbatt_pu FRZ

E [Batterybodel3PhaseMov201T:PI_AntiWind... X

Configuration

R

Maximum output limit

Minimum output limit

Proportional gainkp

Integrator time constant

TiBuck

Anti wind-up gain

Figure 11: The power controller for Buck converter
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4.0 Three-phase grid-tie converter

The three-phase inverter controls the DC voltage (V_DC) and the reactive power. To edit the parameters

of the converter, right click on the component and select “Edit parameters”.

4.1 Input Parameters of converter and controls

Figure 12 shows the ratings of the converter such as rated MVA (0.35 MVA), rated AC voltage (0.69 kV) and AC
system frequency (60 Hz).

Note: the parameters has a symbol and a unit. For example the rated AC voltage is in kV and it is line-to-line RMS
voltage and in the module it is introduced by symbol “VLL".

! [BatteryModel3PhaseMov2 T:VECandCtrl] id="122004262"

Rated Values

CEl A e e il [Sbase]D)c
[VLL][Pe

[ freq ] >>c
|

Rated power, MVA (Symbol: Shase) 0.35 [MVA]
Rated L-L, RMS, AC voltage, kv (Symbol: VLL) 0.69 [kv]
AC system frequency, Hz (Symbol: freq) a0 [Hz]
Maximum rated curret of the converter, pu (Symnal: Imax_pu) 1.0 [pu] [ VsRMSpu ] D)C
67 [Hz] [ Imax_pu ] [Be
[ Cfreq ] D}c

Carrier frequency as multiple of fundamental, Hz {Symbol: Cfreg)

Convertere Inductor and Capacitor Calculation {0-table, 1-calc) (Symbol : X_Calc) |1
Converter Inductor 0,000631 [H]
DC link capacitar, uF {Symbol: DC_cap) 15000 [uF]

(a) (b)

Figure 12: (a) Rated values window showing the ratings of the converter and (b) associated symbol names for the
parameters

The rated inductor and capacitor for the converter can be chosen from the input table if X_cal is selected as zero or
they can be calculated if X_cal is one, as shown in Figure 13.
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Measuring and parameters perunituzing [%_Cale ] [
[ C_cap R ] w:u
[ Leonw R ] w:u

T . N 0.05
D 'l fm'l n
WLL X N/ Zhase H]l'rﬁl L_base * Loonv_Cal
C: [P =
Ctrl= 0
S5 t DC_Cap R
iha: =3 d _Cap_
Constant f_hese o B
DC_Cap_Cal C‘trl] C_dc
=
VL ¥_Cale
Zan (2) wﬁqrtu:;—lc Lot arl= 0
Constant Constant =
o By
M- - 5.0 1=5 Leonw_Cal Cirl Leony
L_10 1%3“3_5355 = 1 = DC_Cap_Cal
o . o ¥_Calc
Zhase
i_base

Figure 13: Computation of rated inductor and capacitor values, if X_cal is zero the values in the input table are
selected. If X_cal is one the values are calculated

Control Setting Window shown in Figure 14 provides the options to control the DC voltage or active power if
Vdc_P_ctrllis chosen as zero or one. In addition, it provides the options to control the reactive power or

ACvoltage if Q_Vac_ctrll is chosen as zero or one.

— . 0 »—o
o [BatteryModel3PhaseNov2017:VSCandCtrl] id="188004262 (::;\ Vdc_P_ctrl
t“:Uf/ Q_vac_ctrl

Control Setti —n
- - 1 Ig_Id_ctri

sl Sew

This converter

d axis control mode (0: Vdc control; 1: Pcontrol ) (Symbol:dmode) | Vdc_P_ctri1 controls Vdc
q axis control mode (0: Q control 1: Vac control) (Symbol:gmode) |Q_Vac_ctrll and Q
d or q axis priority: 0-1q, 1-1d (Symbol:IlimPriority) Iq_Id_ctrl1 W

Converter De-block signal (0 : block, 1: de-block) (Symbol:DBIk) |DblkvsC
Inverter |—

Figure 14: Control setting for the convertor, active power or DC voltage and reactive power or AC voltage can be
controlled by choosing zero or one
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The command orders and the Pl coefficient values for the controllers are shown in the Figure 15.

Control Parameters e
TS ew

AC voltage order, pu { Symbaol: Vac_ord_pu) Vac_ord_pu
Active power order, MW {Symbal: Pref) P_ord_MW
DC voltage order, kv (Symbol:Edc_ord) Edc_ord_kV
Reacitve power ordered, Mvar (Symbol: Q_ord) Q_ord_MVAR

dregulator proportional gain (Symbol: Kpd)
d regulatorintegrator gain (Symbaol:Tid)

qgregulator proportionagain (Symbaol:Kpg)
q regulatorintegrator gain (Symbaol:Tig)

Edcregulator proportional gain {(Symbol:kp_Edc)
Edc regulator integrator gain {Symbol:Ti_Edc)

Active power regulator proportional gain (Symbol:Kp_P_M]
Active power regulatorintegrator gain (Symbal:Ti_P_M)

Active power reqgulator gain (Symbol:Kp_Q)
Q regulator time constant (Symbol: Ti_Q)
Q max

Measured AC voltage Vrms_BESS_pu
WVacregulator proportional gain (Symbaol:Kp_Vac) Kp Vac
Wac regulator integral gain (Symbaol:Ti_Vac) Ti_Vac
Wac max pu {Symbol:Vac_max_pu) 1.1 [pu]
Wac min pu {Symbal:Vac_min_pu) 0.9 [pu]

PLL regulator gain {Symbaol:Kp_PLL) Kp_PLL
PLL regulatorintegral aain (Symbaol:Ki_PLL) Ki_PLL

Figure 15: Control parameters of the converter

Figure 16 shows the order signals for DC voltage controller and reactive power controllers of the VSC

converter.

Main : Controls
Edcord | Q_ord
”_—1.05 —0.2
LN |: 4
- | A
—0.85 —-0.2
0.983333 0 |

Figure 16: Variable order signals for VSC converter — find the slider in the Graphs_and_Controls module
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PSCAD

Figure 17 shows the coeficients for Pl controlles and the panels to modify the values if required.

VSC PI conrollers parameters

Man :Controls -
Kp_PLL Ki_PLL H_
Stetor: Vde Cirl H_ Main :Conirds - 5000 = 2000 Kp_PLL
Kp_Edc Ti_Ede Kp_Edc Ked Tid Keg Tig - C = Kp_PLL
3= 10 - 0.5 Kp_Edc = -05 53 — 0.5 E = : [J
- - - - - E o o
F . . - . - & |-_.;, —Fo KiPLL
- - . - -
. C r |_Edc - o v - 2000 50 Ki_PLL
“o o Ti_Edc = o o o o
10 0.01 0.2 0.01 0.5 0.01
Rotor: © il H' Sttor: O Ot .H,
Kp_Vac Ti_Vac Kp_Vac Kpd Kpg Kp_Q g Kp_Q
-5 0.5 Kp_Vac Kpd Kpg -5 0.5 Kp_Q
N Doa Doa Do
Doy S  Vac d q : =5 : B o
o Zo Ti_Vac Tid Tia =g | 2o TQ
1 0.01 1 0.2
Roton P G
KpP_M | TiLPM 'H'
- 5 = 0.5 Kp_P_M
S - . Kp_P_M
E Ld E Ld
-0 =1 TiPM
0.1 0.05 T_FM

Figure 17: The Kp and Ti coeficients of the Pl controllers of converter’s controllers
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4.2 Non-switching power electronic circuit of the converter and its controls

Controls module and simplified converter circuit are shown in Figure 18.

Ecap gkzall- _o— DCP <DC link
.
DCN
cl oat simplified converter
+ - )
e Bw modeled as equivalent
Y88 voltage source
- without switching
AC Fite n

Figure 18: Overall circuitry for the converter and controls
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Ty S

4.3 Controller

The controls, shown in Figure 19, regulates the DC bus voltage (Ecap) and reactive power (Q). The reference for the
reactive power control is set to zero. The control parameters are given in Figure 20. Most of these parameters are

also described in Figure 12, Figure 14, Figure 15, Figure 16, and Figure 17.

NAVEENAN)

QacVdc Iac Vac
—Vrms pu
Controls —
Pac
= DBIk

T

Figure 19: Control component

|Conﬁguration

Ll HF T PW

d axis control mode {0: Vdc control; 1: P contral )

dmode

q axis control mode {0: Q control 1: Vac contral)

gmode

d or g axis priority: 0-Ig, 1-Id

AC voltage order(Vac_ord, pu)

ILimPriority

Vac_ord_pu

DCvoltage order{Edc_ord,kv) Edc_ord
Active power order Pref
Reacitve power ordered (Qord, Mvar) Q_ord
Rated MVA Sbase
AC system frequency freq
Rated ACvoltage WLL
Vdc_base Vdc_base
V5C inductance Lcony
Mid-Reject Filter (0-not, 1-yes) Filter_Calc
Maximum per unit curret Imax_pu
Third harmanic component coefficient [pu] 0.15
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PI controller parameters w

A e il

d regulator gain Kpd

d regulatortime constant Tid

q regulator gain Kpq

g regulatortime constant Tig

PLL regulatorproportional gain Kp_PLL

PLL regulatorintegral gain Ki_PLL

Edc regulator gain Kp_Edc
Edc regulator time constant Ti_Edc

P redulator gain kp_P_M

P time constant Ti_P_M
ac regulator gain Kp_Vac
WVac regulator time constant Ti_Vac

Vac max pu Vac_max_pu
Vac min pu Vac_min_pu
Q regulator gain Kp_Q

Q regulator time constant Ti_Q
Maximum reactive power (+/-) Qmax

Figure 20: control parameters

The per-unitizing and transformation of current and voltage measurements are shown in Figure 21, Figure 22 and
Figure 23 respectively. The rated power (Sbase) and rated voltage (Vacbase) are used to per-unitized the measured
guantities and calculate the maximum current.
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= —=
I_nom_ac -1.0 Imax_Neg_pu

(Sqrt (2)>

Shase

Vac E; ase

I_max_ac

Lconv

zA o
Congant

. N N
Vacbase XZ

D
Vdc_base
e N N/D £ — N N/D 0
Q_ord Q_ord_pu Pref 17|V‘ Pref_pu
d 4D
Shase Sbhase

Figure 21: per-unitization of the measured parameters

Low pass filters with characteristic frequency of 600 Hz were added to improve the quality of dq quantities by
filtering out some of the high frequency harmonics of the power electronic converter.

Iabc_pu
IaEc S
1 N 1+Wo . =
5] B—Q “wo *'w
S C 0 o
I_max_ac
R 1+L e
N ~ Wo & -y
AN/D G oS . ) Tapu Tapu
TD Wo * wo2
I_mé':-(_ac

Figure 22: Current per-unitizing, transformation from abc to dqO and filtering
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I ™
W3 -
5 4
Vabc 1 . a 5 N I_leD . 1+ﬁ - . i‘b_ S 1"'_02W 5 . ,?3‘_
. =3B = Q 1+ 255 +Ti2 1+ 2 o
e o ] ]
N S e 2 BRI,
N o c—*Wo - T o — 1t , 1
/ : Vgpu_1 5 5 Vapu_2
= | - 1 + 27405 +Wo2 - 1 + 223/5 +We2 B
Vacbase 10.816497

Figure 23: Voltage per-unitizing and transformation from abc to dqO and filtering

The DC bus voltage and reactive power controls are shown in Figure 24. These controllers are selected by the
command signals dmode and gmode respectively (see Figure 14). These controllers generate the d-axis and the g-
axis current orders (i.e. Id_ord_pu and Ig_ord_pu) for the decoupled control respectively. Normally this converter is

operated such that no reactive power is transmitted to or absorbed from the AC system
(Qref = 0.0) at nominal voltage.
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b~
Edc_br

out
— T A =0

, G 8] iz’ By
Edc_ord_pu 1+sT | Edaef — T I er]‘
Dk dmode
D DBl
y £ A o= 172 o L3k
pu %/ Ppu_br
oref oy 00 ~Hu Inf g |Out
af_pu ctrl
—e
k
F1—‘.,'

Id_ord_pu

|
Nrms_br

Out 7

Figure 24: The DC voltage and reactive power controllers are chosen by the dmode and gmode command signals

The current of the converter is limited by PI controller’s limits. For this converter, the default limiting function is
chosen to give priority to the d-axis as shown in Figure 25 (priority signal is set to 1 see Figure 14). If the priority is

given to the g-axis (Q control), the priority signal should be set to 0.
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e}
T

Figure 25: calculation of d- and g-frames current limits.

The decoupled current controls shown in Figure 26 are used to generate the converter reference voltages i.e. vd1ef
and vgl.y. In order to decouple (i.e. reduce their effect on each other) the terms Iq_pu_Gsc * wLpu and Id_pu_Gsc
* wlpu are subtracted and added to d-frame and g-frame respectively.

ap =

DBk : wlpu
&E] B
e AR N pr fout ' #— ke
Id_ord_pu - D vd Ire vdiref
4 el

2 Idpu =
- DB wlpu
s - :
o
o s Sl WARN in[Telout o E
Iqg_ord_pu . D N 7o iref
"\\BT/ — "\1{7

1d ord pu

-

i
|
8
=
(1]
LY

Figure 26: d- and g-frames decoupled current controllers.

As shown in Figure 27, the reference voltages i.e. vdl.sand vql.sare converted from rectangular to polar domain
(MagntLAngle). The magnitude (Magnt) multiplied by the peak phase voltage and then divided by half of the DC
voltage to make sure that the magnitude of the reference voltage is limited so that the converter can create it at its
output. The magnitude (Mag) is per-unitized and limited to 1.15 pu. The three-phase reference voltage waveforms
are obtained by applying the dq0 to abc transform to vd1,e and vql.s, using thetaPLL as the conversion angle. Up to
this point, the reference wave-shapes are calculated in per-unit using the AC voltage peak to ground as the base
voltage. The third harmonic is added to enhance the modulation index.
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Vachase = ? =
.816457 Edc 14sT Edc_fit 0.5
M =
7

s
o CMEQ
Ao ~|m ik -

vdlref X
v M Magnt ref kv LU Y Varefl
valef X | Q=8 brefRef a3
S P ek 7 ¥ 00 0 ¢ Va1

Imit reference magnitude to 1.15

Third harmonic
Theta: Thid
harmonic

L~
thetaPLL D Angle Theafh‘
30 Resolver Third harmonic addion
Angle
et = M
IMa Y iM Ref a3

vo Jref * %
3Mag |

F 3
i

=

Figure 27: Reference voltages with third harmonic injection provided by controller
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5.0 Simulation Results

5.1 Simulation results for discharging mode:

The dynamic of the system for discharging mode is shown in Figure 28 when the reference power is
changed from 100 to 200kW and from 200 to 300kW. The battery is at 90 percent state of charge (SOC)
at the beginning. If the State of charge (SOC) reduces to 5 % when the SOCprmit block the controllers

and shut down the converter.

Generator power
= p_BESS = Battery Power —

(MW)

0.00 %,

-0.10

=0 BESS |= Q load

0.040

0.030

0.020

0.010

(MVAr)

0.000

-0.010

-0.020

= Battery state of charge (S0C)

91.0
90.0

89.0

88.0 .
87.0 ~—
86.0 -
85.0 \\
84.0

83.0 \
82.0

81.0
80.0

Sec 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

(%)

<I

Figure 28: Simulation results of discharging operation mode
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5.2 Simulation results for charging mode

The dynamic of the system for charging mode of operation is shown in Figure 29. SOC increases until it

reached 100% and the SOCpermit block the converter to stop it from charging more.

Generator power
= P_BESS = Battery Power

0.00

-0.10

(MW)

-0.20

-0 3 0 -0

-0.40

= Qgrid |= q_BESS = Q load

0.040
0.030
0.020

0.010
7. Q1O bbb At st

(MVAr)

-0.010
-0.020
-0.030
-0.040

= Battery state of charge (SOC)

102.0 ~

100.0 —

98.0 —
96.0 —
94.0 ——
92.0 Ham

(%)

90.0

88.0 -
Sec 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Figure 29: Simulation results of charging operation mode
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5.3 Simulation results during a fault on the PCC:

The dynamic of the system during a fault on the point of common coupling (PCC) is shown in Figure 30.
The converter is able to inject reactive power during a three-phase to ground fault and shows its fault
ride through capability.

Main : Graphs
= p_BESS = Q BESS =

0.40
0.30 ’"—ﬁL—
0.20 l\“ ‘(
0.10 "“4
0.00 m
0.10 ———

-0.20

(MW, MVAr)

=] BESS

1.5
1.0
0.5
0.0
-0.5 1
-1.0
-1.5
-2.0

(kA)

= \/rms_BESS_pu =V mms PCC

1.10
1.00
0.90
0.80
0.70
0.60 \
0.50
0.40

(pu)

g€ 14.6 14.8 15.0 15.2 15.4 15.6 15.8 16.0

Figure 30: Fault ride through capability of BESS
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