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U Type of protections:

Cable/line of length L

A
x.L (1-2x).L

- Non-directional overcurrent protection (51) - PAP
- Directional overcurrent protection (67) - PDP

Y
-~
A

IscTriG /
! : Phase-to-
! : 5 phase
O Choice and setting of these protection relays: Three-phase | | cos oot circuit

IscTriG :
Maximum short—circuit current at the level of the outgoing protection in
the event of a three—phase fault located immediately upstream of the

outgoing protection.

_______

Iscbi :
Minimum short—circuit current at the level of the outgoing protection in

the event of a solid two—phase fault on the outgoing feeder in the
presence of generators
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Ip: """"""""""""""" !

Maximum steady-state transit current at the protection level during
power absorption or discharge
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Classical protection plan

O Choice and settings of these protection relays:

If : 0,8 XISCbi

> 1: 2 X IscTriG

- Non-directional OC

max(1,3 X I;; 1,2 X Iyerric) < Issq < 0,8 X

Else: 0,8 X

Iscbi

< 1: 2 X IscTriG

- Non-directional OC:

1;2 X IscTriG < 1551

- Directional OC:;

1,3 X Ip < I67 < 0,8 X|[5cpi

Iscbi
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Cable/line of length L

x. L

(1—x).L
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A summary of several criteria for connecting PVPGS to the power grid

° ° ° ° Grid
Requirements from Distribution System Operators el L = v iver
Grid | Frequency | Boundries ow Within Fault___ After Fault | During Voltage Swell
. . . . z z Time (Duration)
The DSO formulates some requirements to allow the connection to its grid: Code©O) " " e eoffee 86l vy o
N . . fi»515 Disconnection (Trip)
- To remain connectec during a short period when a fault occurs (Low Gemany | gy | irscesns [suymopmincsoranl] o fosslf oo [[ 5]l w0 o
Voltage Ride Through (LVRT)). fcdls Disconnection (Trip)
- To inject reactive current during this period to support the voltage lalyGe| 50 ND ND o flozfl s fjusff 15 o
H fe=51.5 Disconnection (Trip)
(Dynamlc VOItage SuPport (DVS)). Spain 475 <fz= 515 | Stay in Operation (No Trip)
GC 50 48<fycd]S - 20 0.5 80 1.0 130 0.25
Low Voltage Ride Through  Uecclpul —
i 1 Australia 50 47.5<fi<52 | Stayin Operation NoTip)|] © W o4s || so | | oas|| 130 0.06
n GC ficd15 2s
k U"P fe>3502 2 min
China 49.5 < f< 50.2 | Stay in Operation (No Trip)| )
Between 0,85 and 0,90 pu i 0 s - o flossff o] 2]] w
fe<48 Caracteristics of PV Inverter
fe=52 Disconnection (Trip)
Malaysia 50 47 <f;<52 | Stay in Operation (No Trip) 0 0.15 90 1.5 120 Continuous
GC fe<47 Disconnection (Trip)
fe=52 45
5l<f;<52 60 s
Sl‘JLIITh 49 <fp <51 Stay in Operation (No Trip)
! Alfrica 50 0 0.15 85 2.0 120 0.15
1 GC 48 < fy <49 60s
/ Ui ] ! | E 47 <fy <48 10s
' , . +» t[s] fecd? 025
Between 0 and 0,2 pu to | tw tup
X \ Enedis 50 5 0.15 85 1.5
Between 0,15 and 0,5 [s] Between 1,5 and 2 [s]

4
M Aboudrar,%Hani, S, Mediouni, H, Naseri, N, Daghouri, A. LVRT capability enhancement of a grid connected three phase PV system by ADRC and DSOGI FLL. Int Trans Electr Energ Syst. 2021; 31(11):e13059.
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Requirements from Distribution System Operators

Dynamic Voltage Support (DVS) | R
Country AViint | Lqmin | AVimin2 | Lqmax | AVinax| £ ;4 1 /F:?
[pU] [pu] [pu] [Pu] [pu] AVininz AVinina i T I:ﬂ‘vmm:
Germany | -0.1 -0.2 -0.5 -1 0.1 2 | | | | | | | | ,i _ :' | | | >
Denmark | -0.1 0 -0.5 -1 0.1 2.5 : R AV [pu]
China -0.1 0 -0.8 - 0.1 1.57 ~ Tamin
1.05
South -0.1 0 -0.5 -1 0.1 2.5
Africa

- The factor k influences the amount of reactive current that can be injected. For the countries we have studied, k ranges between 1.5

and 2.5.
- For most countries, the reactive current is saturated at 1 pu.

Icc; = Ip [pu] si:Vonar > 0,85
Q
I, = k.AV/V,

q
Icc; = ’I; + Ig = = ,12 12 [pu] st:Vona1 < 0,85
da — max ~ ‘q
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Bad computation of the settings

Adjustment of protections according to the
calculations of IEC 60909 standard.

Plot of 1.2*IscTriG, 1.3*Ip et 0.8*Ischi as a function of the installed power of the GCI

i — 1.2%IscTnG ||
. . —0.8%Iscbi
: on-directional OC relay __| ;.
: 2 . ; ; o
P-GCI (MVA)
Non-directional OC relay settings range
Blinded Protection area

/
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IBR contributes to the fault

Plot of 1.2*IscTriG, 1.3*Ip et 0.8*Ischi as a function of the installed power of the GCI

T T T T I

Blinded protection | -

_— T

—1.2*IscTriq |

. . —0.8*Iscb1 |
Non-directional OCrelay | ., 1

2 4 6 8 10
P-GCI (MVA)
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How works a distance protection (PX) - R

[ el
Methods:
U Currents : Imax

O Angle : (between 10 and 12), (between I1 and 12).
U Derivative of Al

i ——

General method:
Measurements used: 0 v
Q Currents : (Imax, 11, 12, 10, Al...). Zp-siG = 1+3kol,
O Voltages : (Vppase, VO, V2, AV ). Q Zp oy =Zp g = 28
U Phase angle between V and I. v Ia-Is
O Ze_p = n

Methods:

O Angles : Imax

O Negative impendace :Z, = _‘I’_Z
2

U Derivative of Al.




' DIGITALISATION, PROTECTION ET
STABILITE DES RESEAUX

11-12 JUIN 2025

JOURNEES ORGANISEES PAR G2ELAB. GREEN-ER. 21 AV. DES

Simulation studies

@
® \olt_EMT_EnR_side
QF' i
?I Wrms_meas_EnR_side Al BUS2 — SL
é 100 km -
o vem
4 wg + 1 20KVRME
- ina L1 JLine L2 *LI -51 poi_Grid_side TLM 12 Slack:LE1
= Bl -1HE15[ n Ll T, moas Grd st B -1[E150 \ ; j@
Curr_EMT_EnR_side — = V08T 0.3 +
T PQmem o s pote l PO_mese G st uss W
S0Hz o 50z = 50 km 75 km
faultd - @ \
TLM 23

\.I'Iilw. ;u;y-m

Transformer :
Q Sn=75MVA;
Q 34,5/120 kv ;
U Couplage transfo : dY +30
. Q Z, =X, =38Q; Note that the wind farm is at 90% of its maximum output at the time of the fault. This is an
HV line (P1 model), L = 50km : important point, as the level of production of the wind farm has an impact on the short-circuit
U Ry =0,06Q/km, Xy, = 0,4Q/km et, Ci;, = 9,2nF/km; ) ) ) )
0 Ry, = 0,20/km, X, = 1,34Q/km et Cop = 5,2nF /km, current supplied by it during the fault. See the study report for more details.
Grid :
O Scc = 15906 MVA ;
Q X1/R1=17;
Q Un=120kV
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== |Omax_EnR==|1max_EnR==|Zma:_EnR == |3_RhiS_EnFR==|b_RhS_EnR==|z_RhiS_EnR
G600 . . Go0 ' ' ' ' ' . .
42.11675 | +315.20F - : : : —‘:t : (+2.11680 | +540.37¢
: : ; : (+2.11585 | +5€6.251 : 1+2.11€75 | +570.479
el R A R AR R Dosrcerocci4SbRasTo-l o490 75Ed] 0 BOOT-cooeeeed e S EEEEEEEEEEE f42 12 :
T e e
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-100 i i ¢ —1 + + ¢ -100 + + ¢ —1
o 0.5 1 15 2 et} 2 2.8 4 a 0s 1 1.8 2 2.8 2 28 4
Time (=) Time ()
= Omax_ G5 = [ max_ G5 == [2max_G5 == s RMS_GCmm|b RMS_GS==|c_RMS_GS
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Test of commercial relays

Tests of 3 distance protection relays on AO3 offshore project of RTE.

Carte des projets de raccordement en mer

RACCORDEMENT
@ Phucdieioppement @ Prasetme () Mseensenice foumnrost
N Conntatematd == Coursntcontio e P PRy

2 HYOROUEN - PRINCIPAUX GISEMENTS

DUNKERQUE
o=l
O O

e CENTRE MANCHE 1 ET 2
2,5GW °
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n
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]
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250 MW + 500 MW

@ LEUCATE OCCITANIE
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J Test of 3 distance protection relays on AO3 offshore project of RTE.

J AGREGRATED CABLE MODEL ={fd

U 3 types of protection relays:
U 2 scenarios considered: weak source (short-circuit current min : 19,78 kA) and strong source (short-circuit current max : 27,96 kA).
U 150 various fault cases (75 for weak source and 75 for strong source).
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Nb Trips

Trip ratio = —Nb Faults

Nb Faults: number of faults to which
the relay should normally trip

U No tripping for the 3 relays : from Rp = 1 Q/phase (phase-to-phase faults).
U No tripping for the 3 relays : from R =9 Q (phase to ground faults).
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