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Motivation

« Conventional power system:
* Large power plants connected to fransmission systems
« Generation based on synchronous machines
« Short-circuit faults may happen:
« High short-circuit currents:

* Provided by rotating electrical machines

« Thermal and mechanical effects on the power system
« A protection system is required:

« Trip the short-circuit fault: breaking capacity of the protection
devices

« [solate the faulted part of the system as fast as possible:
coordination
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Motivation

« Future power system:
» Decarbonization of the generation
* Replacement of synchronous generation by RES
* RES are mostly based on power electronic converters
« Power electronic converters:
* Expensive component
« Use to work with controlled currents below 1 p.u.
« Performance with short-circuit faults depending on the grid code:
« RES early days: disconnection to prevent malfunctions
 Nowadays: Fault Ride Through (FRT) capability
« They cannot provide short-circuit currents
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Motivation

« Should be possible a fully decarbonized power system based on
converter-interfaced DRES without affecting the protection system?

« [Isit expected any problem of the protection system due to the DRES?

* May the protection system represent a technical barrier reducing the
DRES hosting capability?

« Should be possible to overload the DRES to provide short-circuit fault
currentse

« Should be possible to consider this as an ancillary servicee

EASY-RES
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Protection of conventional distribution networks

« Conventional distribufion networks:
« MV radial feeders departing from

------------

a primary HV/MV substation R @ @ ™

. Sinr’rchirkwg centers in urban | .y - -
networks |

- Secondary MV/LV substations |_@_/"’_'} 9. 8. L
along the feeder i 5. 8, | |

« LV radial feeders departing from , " L
secondary MV/LV substations r_D '
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Protection of conventional distribution networks

« Conventional distribution networks:
 Passive network: Fommmeee- .

_E Ililll
« Normal state: @ @
« Unidirectional power flows

.y i i
- Voltage drop along the ‘ Aoyt e B, i
feeders : 0 L~ |

| —
« Faulted state: @ @
« Short-circuit current from |~ ~
the HV upstream grid —
« Simple protection l
philosophy: overcurrent T

devices
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Protection of conventional distribution networks

 Qvercurrent devices: Feeder Feeder Protection MV/LY
« MV network: Module_Module_Module  ransformer
« Primary MV/LV substation: 5 gl | gl 5 & | _[mv
 Circuit breakers LN N ey
« Overcurrent relays 5 | L I | v
« Secondary MV/LV substations | : o :
o Ufility: MV fuses | e E'IVF 5 u |
* Private owners: | HH | HH 5 HH |
« Circuit breakers R’ Wit Gl Sl
« Overcurrent relays w?v M$_v L
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Protection of conventional distribution networks

« Overcurrent relays:
« Overload (1>, ANSI 51):
* Inverse time relay
« 2- 3-phase faults (I>>, ANSI 50)
« |nstantaneous trip

Time

ANSI 51

7

« Time-delayed trip (selectivity) ANSI 50
« 1-phase faults (I>>, ANSI 50N)
« Earthed neutral networks o
Ime-delaye

Instantaneous

A .
»

loc Isc Current
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Protection of conventional distribution networks

.. ) . Main protection
« Selectivity of protection devices:

* Main protection feeder /

Back-up protection

« Backup protection 8,
1

Pickup current settings Delay settings

Upstream Device
Pick-up level

Upstream Time
Delay
>
Downstream Time
Delay

Time [s]
Time [s]

>
Downstream Device
Pick-up level

ty

Upstream Device

to
Upstream Device

Downstream Device Downstream Device

»
>

Current [A]

»
Ll

N

Current [A]
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Protection of conventional distribution networks
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Protection of conventional distribution networks

» Design criteria of overcurrent relays for MV networks:
« Main protection feeder: N

- Overload protection (I> ANSI 5): z
* Pickup current:
loc = Ity ANSI 50
« Short-circuit fault (I>>, ANSI 50): - Time delayed
° Pickup Curren-l-: Instantaneous ;
loc Isc Current

Isc = max[1.51;, min(0.91;,_,in, 3.01:1)]

« Time setting: instantaneous trip  Iy,: feeder ampacity limit

[ min: Minimum sc Currer};c
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Protection of conventional distribution networks

» Design criteria of overcurrent relays for MV networks:
« Backup protection:

A

« Overload protection (I> ANSI 5): -
* Pickup current:
IOC = Ith—t‘l" ANSI 50
« Short-circuit fault (I>>, ANSI 50): - Time:delayed ...
« Pickup current: /  —
oc sc Current
ISC = max[l-Slth—tr: min(o-glsc—min—all» 3-OIth—tr)]
. Time setting: 300 ms delay [th—tr: transf. rated current

Isc—min—a: Minimum sc current
13
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Protection of conventional distribution networks

» Design criteria for LV networks:
« Overload criterion:

IbSInSIZ

I[; < 1451,
) [, < 0.90621,
I; < 1.61, (gG fuses)

I,: feeder desing current
I,: fuse nominal current
I,: feeder ampacity limit
Is: conventional fusing current

« Maximum short-circuit current criterion: always verified
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Protection of conventional distribution networks
» Design criteria for LV networks:
« Energy flowing through the fuse:
Iczct)f = Iczct)c

« Cable dame curve:
« Short-circuit fault: adiabatic process

Time

Igct)c - (KS)Z Fuse F1 melt :
Curve ;
(KS)?
tc 2 : . >
ICC Isc_min Isc max Current

K: constant (conductor & insulation)

S: cross section of the feeder
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Missoperation of the protection system due to RES

« Active distribution networks:
« Normal operation:
« Bidirectional power flows (two-way feeders)

« Voltage profiles cannot be controlled easily
MV MV

(OO «=C0H
- O+ | “+H
I
Switching center

C
- =

H'JT%T
:EEREE
LD+ +
LD+ +@
OS2
L+
@ﬂ«%@

Voltage

Voltage T,y

Passive [ 'U'V’tAU Active L B
n etW O r k Capacitor banks n e t W O rk OLTC Urat

Capacitor banks
Feeder length

Feeder length
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Missoperation of the protection system due to RES

« Active distribution networks:
« Faulted operation:

« FRT capability:
« DRES remain connected
« DRES inject a controlled current according to grid codes

« Short-circuit currents modified with respect to the passive case

« Possible failures of the protection system:
« Protection blinding
« Sympathetic tripping
* Increase of short-circuit currents
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Missoperation of the protection system due to RES

« Protection blinding:

DRES inject additional short-circuit currents

Reduced short-circuit current contribution of the upstream grid
* May occurin the faulty feeders

« Two de.gree.s of blinding: ﬁ%ﬁ,&i’fc_ﬁ_
« Partial blinding: R

« ANSI 50 does not trip
* ANSI 51 frips
- Total blinding: ~
« ANSI 50 does not trip
* ANSI 51 does not trip

19
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Missoperation of the protection system due to RES

« Sympathetic tripping:
« DRES inject additional short-circuit currents
« QOvercurrent protections in distribution systems
« May occurin the healthy feeders

(55555 PC
SESS

‘ i‘ | Feeder 1
]

[ NOT tripped + Feeder 2

. Tripped
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Missoperation of the protection system due to RES

« Short-circuit current increase:
» DRES inject additional short-circuit current
« Short-circuit current above the breaking capacity
 May occurin the faulty feeders

Isc>lcu

R1/CB1

[ NOT tripped
B Tripped 00 taooeeemeeee-ee-
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Missoperation of the protection system due to RES

« Many parameters may affect the protection system missoperation:
» Short-circuit power of the upstream grid
« DRES type:
« Synchronous generation
« Converter interfaced
« Fault location
* DRES location
« Concentrated versus distributed DRES
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Missoperation of the protection system due to RES

« Example:

. . . PARAMETER VALUE
A _ .
S horT Circu IT and |ySIS * | EC 60909 Upstream grid short circuit capacity (MVA) 100 ... 500
Upstream grid R/X ratio 0.1
c Transformer ratio (kV) 110/20
gl Transtormer power (MVA) 25
Zn-1 Zn i1] . .
S . Transformer short-circuit voltage ux 12%
Transformer cooper losses (kW) 25
110/20kV
I DRES rated power (MVA) 1...10
Synch. Gen sub-transient reactance (pu) 0.2
Converter short-circuit contribution (pu) 1.2
Cable type NA2XS2Y
Zke1 I 7k Cable cross-section (mm?) 120
I T Cable positive seq. resistance ((/km) 0.501
- v
g' gl Cable positive seq. reactance (V/km) 0.716
m
@ Cable Length d1 (km) 1... 10
Cable Length d2 (km) 1...10
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Missoperation of the protection system due to RES

Example:

» Definition of protections (passive case)

100

[s]

0 |\

c

|

w

oy il R1 Zn-1 | Zn cﬁl
1

110/20kV I I
elay

RO Backup

0.1

R1/R2 Feeder relay

Bus_1

0.01
20.00 kv 100

—
IN
=
—

1000 10000 [pri.A] 10000

| R RRREE————————
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Missoperation of the protection system due to RES

RO

~D—E
L EXO m p | e : 110/20kV

« Protection blinding:
 DRES rated power
« DRES location

Bus_1

Contribution of the upstream grid vs DG pover and distance

Contribution of the upstream grid vs DG pover and grid SC capacity Full-Converter DRES

Full-Converter DRES

w @ oar
w1 e ———10km
o B ossh — = —100MVA < D ogsl- Skm
53 | ° - = ~200MVA 53 ‘o
o 3 - 2 B ggsk - Tkm
g 2ossf “~_._ 300MVA E= "~
3 Zoaf Sy - = =400MVA 8 2 omt
3 2 Se, - - —~500MVA B 2
S © 092 ~a 2 ©o92r
= » P
o= ® (=
£ 3 09F ﬁ.~ £ 5 09F
G £ Ya s 2
g ;UBB- .k.. g 50_33_
s 5 N £ E
3 3086 'I'. S 2086
=g e Ya, 89
s @0y Tay E 5 osar
© o2t hd 55
2 o © Cos2f
[3] 0.8 1 L 1 1 L 1 L 1 1 =
ey 2 3 4 5 & 7 8 9 10 S o8 L 1 1 1 I I I 1 1
Power (MVA) of the DRES unit located at Feeder#2 1 2 3 4 5 (] 7 8 9 10

Power (MVA) of the DRES unit located at Feeder#2
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Missoperation of the protection system due to RES

patelels RO
Y E | O bt 110/20kV
xample:
. . .
« Protection blinding:
rotecrtion plinaing:.
. . . .
 Partial protection blind :
artidl prorection pinain
[}
100 < I | 100 < <FT< T 1 100 < << ‘ |
5 Upst Grid SC Capacity: 500MVA s = = Upstream Grid SC Capacily: 500MVA = S 5 Upstream Grid SC Capacity: 100MVA
2 Df;ﬂffgsc”fmm BUZD?I(::H%km 2 - 2 Distance SC from Bus 1: 10km 2 2 2 Distance SC from Bus 1: 10km
[s] ~ P DRES: NO DRES [s] © o b Distance SG from Bus_1: 5km [s] © © « Distance SG from Bus_1: 5km
s - =3 = S P_DRES: 10MVA 3 9 a8 P_DRES: 10MVA
\ | & Sl i \ T
L 1]
10 10 7081 s 10
2.581s N
1 1 1
RO Backup relay - RO Backup relay RO Backup relay
0.1 RVR2 Feederrelay || 0.1 R1/R2 Feederrelay . 01 R1/R2 Feeder relay
LIl 0.050s L|{ 0.050s L1 0.050 s
R1 || RO R2 RO R1 R2 RO R1
0.01 0.01 - 0.01 . -
V100 1000 10000 [pri.A] 10000 .00 kV 100 1000 10000 [pri.A] 10000 kv 100 1000 10000 [pri.A] 10000
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Missoperation of the protection system due to RES |

~
RO R1 E:

( c ) D Z12
° EXO m p | e: 11020k

« Sympathetic tripping:
 DRES rated power
» DRES location

Bus_1

o
w
1

300
100MVA |~ 10km
200MVA 5km
300MVA 250 1km
7= — —400MVA .

- - - —500MVA

o
M
G

o
[S]
T
\

\

200
2150}

100 F

DRES short-circuit current [kA]
s 2
= I
\
\
\
\
DRES short-circuit current [kA]

o
o
«
\
\

sof -7

1 1 L L L 1 1 1 1 0 1 L L 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Power (MVA) of the DRES unit located at Feeder#2 Power (MVA) of the DRES unit located at Feeder#2

o
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Missoperation of the protection system due to RES |

~
RO R1 E:

: Q ) D 712
) EXO m p | e : 110/20kV

« Short-circuit current increase: e
 DRES rated power 7
« DRES location

5 4.8
_ _ ]7 — —100MVA) . ——

T = = —200MVA T o
NPT 300MVA | f‘ 4.75 s
E ------------------- = = —400MVA g
3 - E
6 i 500MVA (3 o
: 3
. =4
3 Q 4.65
5 | miammemmmmmmmmm T
2 | e eamm===- :
sof w
£ T 48
: =
Las £ 455
- — 3

n
&
o

1 2 3 4 5 8 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Power (MVA) of the DRES unit located at Feeder#2 Power (MVA) of the DRES unit located at Feeder#2 28
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DRES hosting capacity to avoid missoperation of the protection system

« Simple yet representative one-line diagram:

Z
1 2 3 —
R1 |
—
RO
_®_.' ~/aer1 T ZIsc

R2

= |

4 1™/ | acr2

* DRES represented as current source (IEC 60909):
Ic — ksclrat
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DRES hosting capacity to avoid missoperation of the protection system

« Protection blinding:
* Main protection:

U Z Z
Ipb = ¢ - 23 c > IC‘
il Zsc+2f‘ ‘Zsc+Zf 0t Zsc+Zf 2
pb
Ifgl —1_ 22‘3 Zscl-z
9, clUd™"

* DRES located in:
« Faulty feeder: Blind the protection

« Healthy feeder: Do not blind the protection

RO

1

R1

3

223

)Im

——

P

Isc
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DRES hosting capacity to avoid missoperation of the protection system

L R1 ) 3i

» Protection blinding: } p%
« Back-up protection: )
U Z Z 4" diccy
A N O R ) I 7.
o ‘ZSC—i_Zf‘ ‘Zsc+zf ! Zsc—l—Zf 2 223
pb
Tro _y |27 | |27, bre | 7
% cU cU

« DRES blind the protection irrespective of their location
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DRES hosting capacity to avoid missoperation of the protection system

1 , 3
. . . - |
 Short-circuit current increase: . P4
. CIGRl
I}%bl ZQ‘B Zsc i
=1 - | ==T, —17. 4 CIGR 2
19, cu | Tleute A

 DRES located in:
« Faulty feeder: decrease the short-circuit current
« Healthy feeder: increase the short-circuit current
« Sympathetic tripping:

t
I]é:zz — 102
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DRES hosting capacity to avoid missoperation of the protection system

* Maximum DRES hosting capacity of an individual feeder:
* Limited by main protection feeder:

* Protfection blinding (PB) R Aottt

+  Sympathetic tripping (ST) i a=ns 5. @\ S

« Worst-case scenario: N B = .mT = iPB L
+ Protection blinding:1%?, B @ @ &ST*\
- Sympathetic tripping: I, F@%D_E N

-
- —i :
Lar < man(l f.:?t:*r r‘?;t) f B
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DRES hosting capacity to avoid missoperation of the protection system

* Maximum DRES hosting capacity of an individual feeder:
* Main protection blinding:
« Worst-case scenario conditions:
« No generation in healthy feeders (I.,=0)
* DRES af bus 1 (2,70, Z5= Zy) TR 2, e 3
« Blinding is not produced if: :

pb min
IR1 2 IRl

4 CIGR 2

Ipb < cU — I}:}{llin‘zsc + Zf‘ =
rat —
]{SC‘Zf‘
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DRES hosting capacity to avoid missoperation of the protection system

* Maximum hosting capacity of an individual feeder:
« Sympathetic tripping is not produced if:

Ist < Imin

rat — :l{'
‘SC

4 CIGR 2
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DRES hosting capacity to avoid missoperation of the protection system

« Maximum DRES hosting capacity of a distribution network:
« Back-up protection blinding(PB)

« Short-circuit current increase (SC) REREEEEEEE :
- Worst-case scenario: T 8. @\ Rl
. Protection blinding: _ e e N |

« Fault current increasé: >_ i | g @ @ T i
VU R R N R

R —

me- < m.-z:'-?'z.(z J - ZICi_SC) é[’v. N é"\' -
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DRES hosting capacity to avoid missoperation of the protection system

« Maximum hosting capacity of a set of feeders:
« Back-up protection blinding:
« Worst-case scenario conditions:
« Faultin the longest feeder
« DRES at bus 1 (Z,,=0, Z,5= Z)

U Z
o || _E |y,
Ho zsc+zf' Zeet+ Zy Z |
« Blinding is not produced if: 3 [77] oo
cU| — T | Zo + 7 pb
S Iy < (YIRS e 2Ly 2 |12
_I.. ks |2y 19, cU cU
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DRES hosting capacity to avoid missoperation of the protection system

« Maximum hosting capacity of a set of feeders:
» Short-circuit current increase:
« Worst-case scenario conditions:
« Faultin bus 1(Z=0)
« DRES located in the healthy feeder
* No problem if:

Imar — U Yse|
}9%61 S Ima:n » Z[ci—sc < o ksc =
{

CIGP 2

b Cu
-l

Zse —I—Zf
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:

« CIGRE Task Force C06.04.02:

« MV Benchmark network: subsystem 1”1 coum
Simplified German network e
Primary substations: 110/20 kV = =
Two radial feeders: 20 kV oy -
« Subsystem 1: underground —  wl B
« Subsystem 2: overhead
14 nodes, 15 branches o

systems and distributed

Without information of the protection system e

CBO2/RO2 N,

Subsystem 2

0

L

1
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DRES hosting capacity to avoid missoperation of the protection system

é 110/20 kv

CBO2/RO2 N,
12

b
110 kv B
»

« Case study:
+ CIGRE TF C06.04.02 MV network: B
« Definition of a protection system — swsstem: = cu

A icB2/R2

b
100 : ——
]
[s] j_l Subsystem 2
S3
\\ \ 11 L
10 —T | ,
\\ S1
8
5 | [
10 L o
9 7
1 | o
Relay RDWRDZ_ 4 6
Backup Protection —_—T T
0.1 - Underground Gable ——————— Circuit | Imaz | ANSISI ANSI 50
RolayR2 — breaker (kA) (A) Isc (A)  Delay (ms)
R1 12.5 342 855 50
R2 12.5 331 828 50
0.01
20.00 kV 100 1000 [pri.A] 10000 ROI, RO2 12.5 866 1083 300
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:
« CIGRETF C06.04.02 MV network:
« DRES hosting capacity of feeder 1:
* Main protection blinding:

« Partial blinding

« DRES<6.36 MVA 1000 |
« Sympathetic tripping:

« DRES<7.9 MVA =

« Unlikely to occur (FRT) 3 7
e Conclusion: = rmrmmmmmmmsssmmmssseeeeeocoooamioooos
e DRES<6.36 MVA =1 1

CIGR rated power (MVA) 42
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:

e CIGRETF C06.04.02 MV network:

« DRES hosting capacity of feeder 2:

« Sympathetic tripping:

Main protection blinding:

No blinding

DRES<7.9 MVA
Unlikely to occur

Conclusion:;

No problems

T
= = = Feeder 2 protection, / >
= = = Feeder 2 ction, 1 >
Feeder f, I}?
»
s Fedler w2
I I I I I I I 1
0 1 2 3 4 5 6 7 8 9 10

CIGR rated power (MVA) 43
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:
« CIGRETF C06.04.02 MV network:
« DRES hosting capacity of subsystem 1:
 Back-up protection blinding:

-------- LR T T T A T NN

+ Total: DRES>6 MVA .. T

= = = Feeder 1 back-up protection, I >

Feeder current, I3

e Short-circuit current: L e P
800 Su bsyStem 1
« No problem 7

__ 700
$ e
SR " .
£ bﬁr:té‘ian protection | protection blinding
3 500 g
= #
400
300 -
200 |-
100 ] ] ‘
0 5 10 15 20 25

CIGR rated power (MVA)
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:
« CIGRETF C06.04.02 MV network:
« DRES hosting capacity of subsystem 2:
« Protection blinding: ‘ . ———
+ Partial: DRES>22 MVA EE

1800

« Short-circuit current: . Subsystem 2

« No problem

é,

Partial
Brotection
linding |

1400

Current (A)

1200 ~

1000 -

800

1 1 1 1
0 5 10 15 20 25
CIGR rated power (MVA)
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DRES hosting capacity to avoid missoperation of the protection system

« Case study:
« CIGRETF C06.04.02 MV network:
« Validation by short-circuit analysis

Feeder 1: DRES<6.36 MVA
Subsystem 1: DRES<6MVA

» DIgSILENT PowerFactory 2020
Scenario | CIGRy | CIGRy | 1P, | IP%0, | I8ts, é, é,
(MVA) (MVA) (A) (A) (A) ceo1/Ro1 CB02/R02 |\ |
1 6.0 (N1b) - 878 878 260 L L
1 6.5 (N1b) 860 860 281 Subsystem i N cwms Rz
1 7.0 (N1b) 842 842 303 )
1 7.5 (N1b) - 825 825 325 e 1
2 3.0 (NIb) | 3.0(N2) | 905 903 260 - ‘ Subsystem 2
2 35 (NIb) | 35(N2) | 875 875 303 O°
2 4.0 (N1b) 4 (N2) 844 844 346 T ,
2 425 (N1b) | 425 (N2) | 829 829 368 s >
3 3.0 (NIb) | 3.0 (NI) | 1008 878 260 — w | o
3 3.5 (N1b) | 3.5(NI) | 994 842 303 . s
3 4.0 (NIb) | 40 (NI) | 980 807 346 |
3 45 (N1b) | 45(N1) | 967 772 390 - S
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Short-circuit current provision as an ancillary service

« Future power systems: .
« Reduced short-circuit power: &
« Protection blinding is likely to occur

él

100 T SFTS T | 190 SR T !

3 5 a Upstream Grid SC Capacity: 500MVA g :{ : Upstream Grid SC Capacity: 100MVA

= - - H i .

@ = @ Distance SC from Bus 1: 10km 8] ] = ) Distance SC from Bus 1: 10km
[s] . 3 2 Distance SG from Bus_1: 5km o poc P Distance SG from Bus_1: 5km

- =] P_DRES: 10MVA 0 e} o P_DRES: 10MVA

A = i | i \ FLT | |

| ] 1 1 i
10 7LR81s 0

\ 500 MVA 100 MVA
1 | |
RO Backup relay RO Backup relay
0.1 _R1/R2 Feeder relay 0.1 R1/R2 Feeder relay
L[} 0.050s L] 0.050 s
R2 RO R1 R2 RO R1

0.01 0.01 .
20.00 kV 100 1000 10000 [pri.A] 10000 0 kV 100 1000 10000 [pri.A] 10000
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Short-circuit current provision as an ancillary service

« Future power systems:
- Proposed protection philosophy:

« DRES may help in the fault wle .2 - 31 . i
clearing of protection [%_@D—ﬂ_— | = | lg
devices

« Protection system remains
unchanged e b i e ]| o i

- Fault clearing can be 1 |°
considered as an ancillary

service st :
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Short-circuit current provision as an ancillary service

* DRES have to actively contribute during short-circuit faults:
« Fast and accurate fault detection and location
* |nject fault currents in a controllable way to support fault clearing
« |tisrequired to define a metric for remuneration purposes
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Short-circuit current provision as an ancillary service

 DRES hardware components:
« Primary energy source
» Energy storage

e 3P 4W VSC o || i}ﬁ} b ok Jé?r Dyn T
« LCL CQUpI|ng filter somge ||| T | 5 53 m“m
« Coupling transformer L

e [ |

Primary 4‘5} 4@ L L
Source Cv i, N L1
- LIy i -
} G i =
Lug 5 =
e I T
Storage T ’
B0 N

oot
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Short-circuit current provision as an ancillary service

e DRES control: ) DC/AC PCC
. ___Q(;—Llnk
« Normal operation: L
« Current source %} "t o LV
_____ sabe f B sabc
« Voltage source : T
e Short-circuit fault: PWM
« Current source Sabe p
Current Control | [ f:, b,c Fault Detection &
- Current Generation
a,be
Voltage Control V:m be

f Ve O P
b St S P p &
- i~
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Short-circuit current provision as an ancillary service

« Fast and accurate fault detection and location:
« Fault detection based on voltage measurement:
« Unbalanced faults
« Importance of the coupling transformers

[ c
» ® Upuo =12 ‘
. =C \
‘ VN U= —b+i0
W Usee=U T W Yoo =U}+5%)
‘\_\ E \\
\ \
= Upera=U \
Y Use-a U; ______ 2 Us-a=1£0 o \ Uwo=140
¥ Uns=U Zﬂ(;g?)
"f‘ Q“_h=lé—%’ L ','
by b by by

INGERWENE Single-phase Two-phase to ground

53




C EASY-RES // The protection challenges in distribution grids under high DRES penetration

Short-circuit current provision as an ancillary service

 Fast and accurate fault detection and location:
« DRES location with respect the fault:

« Determine the DRES reaction: —@—D—ﬂ——l—l - @
- Faulty feeder:
- No current injection
« Healthy feeder: U__| il s
* Inject a controlled current I
. Limited by sympathetic tripping (I — .
: R3 716 §‘| 767 %1 77k ;%
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Short-circuit current provision as an ancillary service

« Fast and accurate fault detection and location:
« DRES location with respect the fault:
« Simple methodology based on line measurements

0 Z3n @ ;
or | QD8 ;
_‘:\ & [ | 110/20kV
@
E
R o ‘ N P
i : Fault downstream of | &
! ; DRES PCC |
Lol pLr % () cos | > cos(6;-6,)>0 |@
i 1
R R— pLL -2 i 3
! cos(@; - 6,)<0 |@ i i 3 %
i Fault upstream of i *

DRES PCC
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Short-circuit current provision as an ancillary service

* Inject fault currents in a controllable way to support fault clearing:
« Two possibilities:
« Subftransient and transient periods
« Transient periods
« Unbalanced faults require an unbalanced current injection

A

A At
fault > A Ltault

: S TTTITTITITY A
| /\v/\ M A

Y Transient
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Short-circuit current provision as an ancillary service

* Inject fault currents in a controllable way to support fault clearing:
« Overload is possible
« Example: 100 kVA VSC, overload 2 p.u.

., |IGBT Diode
Temperature (°C) Temperature (°C) = =

I 7 max Tj min e I - I critical

150 i I T) max Tj min Tc I 7= I fatal critical
140 140

130 130

120 120

110 110

100 100

90 I 90 ‘

0 02 04 06 08 1.0 132 14 16 18 20 0 0.2 0.4 06 08 1.0 12 14 16 18 20

Time (s) Time (s)




C) EASY-RES // The protection challenges in distribution grids under high DRES penetration

Short-circuit current provision as an ancillary service

* Inject fault currents in a controllable way to support fault clearing:

« The injected current must be maintained up to the protection
tripping
« Coordination with protections: FRT capability

=i

A A
< o
> E|
—
Vhom-
Vo -
Vi ++
I Feeder Protection
t i

toy (- Time Tin 1.51 Current
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Short-circuit current provision as an ancillary service

« Case study:
 Network data:

N

63

Bus 3
N

£
Bus_n

~
o
rRo | R 2 I

110/20kV

Feeder 1

Bus_m
Feeder 2

Z5m

S (< cable rated current, KA

Bus_1
i
Feeder 3

Parameter Value
upstream grid short-circuit level, MVA 25
upstream grid R/X ratio 0.1
transformer ratio, kV 110/20
transformer power, MVA 25
transformer short-circuit voltage uy 12%
transformer cooper losses, kW 25
cable type NA2XS2Y
cable cross-section, mm?2 120
cable positive seq. resistance, Q/km 0.501
cable positive seq. reactance, Q/km 0.716
0.285
bus_7 distance from Bus_1 10 km
CI-DRES No 1 and 3 distance from Bus_1 5Km
CI-DRES No 2 and 4 distance from Bus_1 10 Km
5km

@ CI-DRES No 5 distance from Bus_1
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Short-circuit current provision as an ancillary service

« Case study:
« Scenario 1:
 DRES injects 1 p.u. during the short-circuit fault
* |Instantaneous protection does not trip the fault

800.00 T ] 3 | LT ——

480,00, _______ L] 1 R3 Tripping Threshold 428A 0.9000L H

160.00MAAA R A AR AN H ’ 0.3000

-160.00 ‘ \ “ “ -0.3000H | -

-480.00 AR ; -0.9000H-{-}-

-800.00 I i | I 1.5000 i i | \
-0.10 0.05 0.20 0.35 050 [s] 065 -0.10 0.05 0.20 0.35 050 [s] 065

Line 16: Feeder #3 Phase Current - MV Substation 20kV: Phase Voltage A in p.u.

Line 16: Feeder #3 Phase Current (RMS)
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Short-circuit current provision as an ancillary service

« Case study:
« Scenario 2:
« DRES injects the maximum current (overloading, symp. tripping)
« Instantaneous protection does not trip the fault

80000F

640.00}-

T —— — S S ! Na——

320.00p——— b T o — |

0.0000 : '
-0.10 0.05 0.20 0.35 050 [s] 065

Line 12: Feeder #1 Phase Current (RMS)
Line 14: Feeder #2 Phase Current (RMS)
Line 16: Feeder #3 Phase Current (RMS) 61
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Short-circuit current provision as an ancillary service

« Case study:
« Scenario 3:
* DRES reacts in a smarter manner:
« Depending on their location
« QOvercurrent but without producing sympathetic tripping
« Location detection

1.001
0.60}
0.20 ; ; -
-0.20 : S~
080 L [ —
-1.00 : !
-0.10 0.05 0.20 0.35 050 [s] 0.65
—— DRES_1 ——— DRES_3
—— DRES 2 —— DRES_4 == DRES_5
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Short-circuit current provision as an ancillary service

« Case study:
« Scenario 3:
« Instantaneous protection trips the fault

L e — 2.00 ; .

1 674658 A E |
640. ! 1.60 e It H | B T ;
S — oo RO Tripping Threshold 4208 e e
320. - - - 0.80 :
| ) 0.563 p.u.
0.00 ' i i - 0.00 i | | i
-0.10 0.05 0.20 0.35 050 [s] 065 010 0.05 0.20 0.35 050 [s] 065

== |ine 16: Feeder #3 Phase Current == MV Substation 20kV: Voltage Magnitude
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Short-circuit current provision as an ancillary service

« Metric for remuneration purposes: | | |"|~
E fault_clearing = ESubtrgmsient + Egmnsimt - ” | | | | F‘ 'P\ ﬂ ﬂ \| A
Esubtransient = f g”) dt = g”) Lsuptr J ; lul \ l\b, | l'u' UI N A
ETransient = I(I) dt = (F) i l‘

« Business model is still an open question:
« Cost of providing the service: .
* Investment cost (oversizing)
« QOperational cost
« Benefit: investment deferral
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Conclusions and future research

« DRES furn the distribution system from passive to active
« DRES affect the performance of conventional protection systems
« Usual missoperation of the protection systems:

» Protection blinding

« Sympathetic tripping

« Short-circuit current increase

« [tis possible to compute the DRES hosting capacity without affecting
the protection system

* Problems may happen in case of upstream grids with low short-circuit
power
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Conclusions and future research

« Fault clearing can be envisioned as an ancillary service:

« Smart performance based on the DRES network position with
respect to the fault

« The required overload is technically feasible
« Metric for accounting purposes is clear
« Future research:
 Unbalance faults
« Experimental testing
* Business model
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