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{\n Introduction

What are distributed energy resources (DERs)?

g

v' Small-scale generation sites
v" Connected to the distribution level
v' PV parks, rooftop PV systems, wind farms...

v Increasing DER integration in the electrical
power distribution systems.

v Promisor path toward sustainable
development.
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_,J\,\’_ Consequences

MEMTP

FUSE CIRC. BREAKER

The distribution protection system is old
and was not developed to operate this way

« Miscoordination of protection elements ,
. Source: tr.made-in-china.com. Source: global.abb.
* Problems to detect faults in the system ) )

_ . . DIGITAL RELAY
« Undesirable changes in the operation
time of protection elements

Source: selinc.com.
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Consequences

From previous slides...

L

Equipment damage

EMTP
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JJ\,\’_ Test Case System

MEMTP

« Objective: analyze the DER integration impacts on the grid’s
protection system.

« Test case system: IEEE 34-node test feeder

 The simulations were carried out using the EMTP-RV software

MEMTP
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_,J\,\’_ Test Case System
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| {\n Test Case System

MEMTP

Current Transformer (CT) Voltage transformer (VT)
CT1
o VT

; i

Voltage transformer (VT)
Current transformer (CT)
Mominal frequency IEU Hz
Mominal frequency |EU Hz
Transformer data
Transformer data
Ratio IEilBUU - |115 T
Ratio {200 |5 A
i v
Winding 1 Rlﬂ |ﬂ . Connection Iw‘_.re
indi 0 I .
Winding 1 X [0 0 Winding 1R | =
Winding 2 R [0.15 [0 T~]  Load typical R Winding 1 X |0.0 O
Winding 2 X [0 ) Winding 2 R |0.001 |0
Winding 2 X [0.001 0
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_,J\,\’_ Test Case System
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_,J\N_ Test Case System

MEMTP

The protection system was designed based on two perspectives

Based on
the
conductor’s
ampacity

Based on

the system’s
rated power
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.n’\/\,_ Test Case System

* 50: Instantaneous Overcurrent Relay
 51: AC Time Overcurrent Relay

MEMTP

Type of value Irms .

ﬁlmp.ﬁ pu

sl /| Phases, level 1(51_PA 1. 51 PB_1, 51 PC_1)

Type of curve |IEC Very inverse/Curve B

Time dial |0.3
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Delay |0 s
Resetdelay|1e15 s
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_ _ Scenarios
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Inverse
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Inverse

Type of value Iphasor.

ﬁlmp.w pu

Type of curve |IEC Extremely inverse/lEC Curve C

Time dial [1.5

Reset time dial |53-2

ResetITime .

Instantaneous function (50_N_1)

[0 -
K lyp = 3l > K1,

Iinstlw'S pu
IZ:-eIa\,'lU 5
Resetdelay|1e15 s
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MEMTP

Phases. level 1 (51_PA_ 1,61 PB 1,51 PC 1)

Typeofvalue
* 50: Instantaneous Overcurrent Relay 05 y

Type of curve |IEC Very inverse/Curve B

 51: AC Time Overcurrent Relay rime gl 1

Reset time dial |-13-2
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Instantaneous function (50_P_1)
Iinst |1 1.5 pu

.n’\/\,_ Test Case System
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Inverse
Time dial [1.5
IEC Extreme Reset time dial |53-2
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ﬁ Instantaneous function (50_N_1)

0 _
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Delay |0 =

Reset delay |1e15 =
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{\n Analyzed Faults

EMTP

{ } Distribution transformer 20kVA-0A e I -
20 kVA - ®B 848 @<t / 20 kVA - ®A
s Phase A 20 kVA - ©C 20 kVA - ©C
wesss=  Phase B 30kVA-q>A‘N—---- 822 .-—“_ .————“_ g4 @<t----- —/ 20 kVA - ®B
30kVA-q>A‘N—---- 820 g4 @<t----- — 30 kVA - dC
: 864 | 888| —
818 N aar  |EE=H 1 30KVA-0C
CB 00 i‘}i 806 808 812 814 850 FU2 o rus ; 834 H™U4 gg0
+—0O—e —o ° s . ¢ 840
) 816 824 826 | 858 , 836
g : FU-1 888 ! Q
; 832 890 @562
E Yo Yo |
| 810 20 kVA - ®A : 3838
e 4 20kVA-(bB - ; ;
20 kVA - ©C /- |
§ Qs 300 kVA - DABC E
830 856 %?E :
828 z z 9 z - :
854 !

300 kVA - ®ABC | |

Yo/ A = = - =
20 kVA - ©A 20 kVA - ©B 30 kVA - ©B
20 kVA - ®B
20 kVA - ©C

25



{\n Analyzed Faults
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J\I‘/\’_ Analyzed Faults
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.n’\/\,_ Analyzed Faults

1 phase to ground - 40 Q)

Em 0

a
b
C

28



Analyzed Faults

Type of fault
A B C

Fault on phase OO
Fault to ground []

| | ]

Ra [40 0 La [0 H +
Rb |10 0 Lb [0 H Ra%
Re [10 0 Lc[O oL %
Rground |':| 0 Lground |':| H
l
Phase A Phase B Phase C
tase |T-5 7.5 [7.5 5
tyear |78 |7.8 |7-8 s
g f f .
balanced [| Simulate reignition
Arc reg:g{g)g |1 ID ID KV
Mewver Clear | Mever Close | Closed in steady-state | Set closing time to 0
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.n’\/\,_ Analyzed Faults

Type of tault
A B C

Fault on phase ]
Fault to ground [ ]

Fault impedance o I
Ra |40 0 La |0 H +
Ra
Rb |1':| 0 Lb |':| H ?
Re [10 o L0 H La%
Rground |':| 0 Lground |':| H l
. Phase A Phase B Phase C
Fault will be cleared tyese |75 [i5 [75 s
after 0.3 s e |7-8 [1:8 [1:8 5
But why t . = 7.55? margn I I g
balanced [ ] Simulate reignition
Arc reianiti
® reigion [ [0 kv
Mever Clear | Mever Close | Closed in steady-state | Set closing time to 0
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.,J\/\,_ Analyzed Faults
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.,J\/\,_ Analyzed Faults
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| [\ PV Modelling

The PV parks (three-phase) were
modelled based on PVSyst tool

Single-phase PV systems were
modelled considering default
parameters suggested by the

software EMTP-RV

The location of
considered

Surrey  was

MEMTP

EPVSysT

PHOTOVOLTAIC SOFTWARE

MEMTP
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| [\ PV Modelling

PV parks (three-phase)
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_,J\,\’_ Connection Topologies

A Distribution transformer
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Connection Topologies

Aggregated

-~

harmonics

Inverter Model for harmanic studies
and frequency-scan simulations

+

f

i

Inverter Model for time-domain simulations

Hardware

PV panel ‘

g

MEMTP

|

|

I Do not change the device names

| Different connection

| topologies for the

I transformer of PV

} parks were considered
|
|

Converter_transformer
park_Sw Ic !

Converter_control

. I_converter T | c
& BSCOPE_lconvert, ok | ooy FT_PYPATK_SWHIETSI0 Tohse
| | ‘ | PQpark
P \
| Maodel for Load-Flow solutions
| and initialization
| PQinit
5 > 22 % 0§ %5 =2
g o 55 o 2 2 2 | PQ initialization LF Switch
g 2 9 2 &8 & b |
° 2> 5 | Pyinit | #_init_cloze#|1a15(0
Qref <Z]Qref |
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_,J\,\’_ Results

@EMTP

. . Scenarios
Setting Curve Dial
1 (DER: 0%) 2 (DER: 50%) 3 (DER: 50%)
51P/N [EC Very 0.3 I100A/35A 100A/35A 180A/54 A
Inverse
SOP/N IEC Extreme ) ¢ 3500 A 3500 A 3500 A
Inverse
v 3 ph v 3 ph v
v 2ph v 2ph v
A-Yg(HV) v 1ph v 1ph v
Yg-A(HV) v 1ph(40Q) v 1ph(40Q) v 1ph (400Q)
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_,J\,\’_ Results
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_,J\,\’_ Results

@EMTP

. . Scenarios
Setting Curve Dial
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J\\ _Resulits (Relay Currents)
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J\\ _Resulits (Relay Currents)
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J\\ _Resulits (Relay Currents)

Node 802 - 1 ph-ground 40 Q

m0% m50% Y(HV) m50% A(HV)

Current [A]

Phase A Phase B

Phase C 310

Feeder relay currents, phase A-to-ground fault at node 802.
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J\\ _Resulits (Relay Currents)
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J\\ _Resulits (Relay Currents)
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J\\ _Resulits (Relay Currents)

Node 852 - 1 ph-ground 40 Q

m0% m50% Y(HV) m50% AHV)

0,

N5

Phase C 310

Current [A]

Phase A Phase B

Feeder relay currents, phase A-to-ground fault at node 852.
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J\\ _Resulits (Relay Currents)
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J\\ _Resulits (Relay Currents)

A Distribution transformer
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J\\ _Resulits (Relay Currents)

Node 840 - 1 ph-ground 40 Q

m0% m50% Y(HV) m50% A(HV)

Current [A]

71 81
31 31 1 1
177|158 160

Phase A Phase B

Phase C 310

Feeder relay currents, phase A-to-ground fault at node 840.
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_,J\,\’_ Results

@EMTP

. . Scenarios
Setting Curve Dial
1 (DER: 0%) 2 (DER: 50%) 3 (DER: 50%)
51P/N [EC Very 0.3 I100A/35A 100A/35A 180A/54 A
Inverse
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J\n _ Results (time to trip)

MEMTP

Node 802

¢ 0% @
@ 50% (Ip=100 A & In=35A) (®)
A50% (Ip=180 A & In=54A) (P

Instantaneous function (SOP/S0N)

Time (s)

AWV | - N 1 N Y ) -~ N N

Overcurrent
function (S1P/S1N)

A 2.813
@ 1.263

Lo SRV LV e ) | = J.UJ1l T e J.IJJ T = U0 T

3 ph-ph 2 ph-ph 1 ph-gr A(HV) 1 ph-gr Y(HV)

1 ph-gr 40Q 1 ph-gr 40 Q

Y(HV)

Time to trip, fault at node 802.
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MEMTP

J\\ _ Results (time to trip)

Node 852 @
0% @) A"50.000
@ 50% (Ip=100 A & In=35A) (®) o PId K/U;
= || A50% (Ip=180 A & In=54A) (P Overcurrent Ml el
N> function (S1P/S1N)
Q
=
- A 12238
A 4411 A 4.680 A 5234 ® 4.554 ® 5221
8 148 e 1.67 Q 2.049 Q@ 1.737 ¢ ¢
3 ph-ph 2 ph-ph 1 ph-gr A(HV) 1 ph-gr Y(HV) 1 ph-gr 40Q 1 ph-gr 40 Q
A(HV) Y(HV)

Time to trip, fault at node 852.
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MEMTP

_,J\,\’_ Results (time to trip)

Node 840 @
©0% @) A 50.000
0 = =
©50% (Ip=100 A & In=354) @ Overcurrent No PICK-UP
2 || 450% (Ip=180 A & Tn=54A) (3 function (51P/51N)
g A 17.800
= A o120 A 14.755
A 7.876 A 10.327 ' ® 6.801 ® 7.054
@ 2.373 Q 2.714 g el Q 3.179 ° ~
3 ph-ph 2 ph-ph 1 ph-gr A(HV) 1 ph-gr Y(HV) 1 ph-gr 40 Q 1 ph-gr 40 O
A(HV) Y(HV)

Time to trip, fault at node 840.
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_,J\,\'_ Results (summary)
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JJ\,\’_ Conclusions @EMTP®

 DER integration is important to promote sustainable development

* We should be aware of challenges that may come up with it

« Identifying these challenges is important to direct efforts in finding
solutions to overcome them

« Overcoming these challenges may support the DER integration
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