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Beveliliging ontrafeld
Uitgelegd wat je altijd al wilde weten

Aansluiten en Beveiligen van Renewables



Een presentatie in twee delen




Blokschema van een renewable aansluiting
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Referenties EU, ENTSOe, Netcode, Netbeheer Nederland

e Europese richtlijn (ENTSO-e www.entsoe.eu of www.eur-lex.europa.eu)
— Verordening (EU) 2016/631 (NC RfG) (requirements for generators)
— Verordening (EU) 2016/1388 (NC DCC) (demand connection code)

e Nationale wetten -> Netcode
— https://wetten.overheid.nl/BWBR0037940

* Netbeheer Nederland www.netbeheernederland.nl
— ESM compliance verification
— RfG compliance verification by testing and simulating
— DCC compliance verification by testing and simulating

e ACM -> Wetten en regels voor de energiemarkt

— www.acm.nl/nl/energie/wetten-en-regels-voor-de-energiemarkt


http://www.entsoe.eu/
http://www.eur-lex.europa.eu/
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Categorie van aansluiting
* Volgens ENTSOE/EU, Netcode NL en Netbeheer Nederland

Vermogen Van 0.8kW > 1MW >50 MW >75 MW
(Entsoe, art.5) Tot 1 MW Of > 110kV
Vermogen Tot 1 MW > 1MW >50 MW > 60 MW
Netcode NL Of > 110kV
art. 3.1

Vermogen Van 0.8kW Tot 50 MW Tot 60 MW Alles boven
(Netbeheer NL) tot1 MW 60 MW

ESM Figuur 1.1
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Eisen aan categorie van aansluiting

* https://www.netbeheernederland.nl/requirements-generators

* Type A : volgens “Lijst van omvormers RfG type A”, publicatie van Netbeheer
Nederland (thuisbatterijen of PV aanmelden op www.energieleveren.nl)

* Type B : statement of compliance ESMD /PGMD of
volgens “Lijst van omvormers RfG type B”, publicatie van Netbeheer Nederland

* Type C: statement of compliance ESMD / PGDM, invulformulier van Netbeheer
Nederland

 Type D : statement of compliance EON, ION, FON (documentatie, simulatie en
testen) Volgens figure 1.2 ESM notification procedure / figure 3.3 RfG notification procedure
van Netbeheer Nederland
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Frequentie en Spanning (type B, C en D)

Netcode artikel 3.15 lid 10

Spanning [pu]

1,15

1,1 +

1,05

[ 1

= onbe pazlde tijd

30 minuten

47 48 49 50 51 52 e 3 minuten
Frequentie [Hz]
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Blindvermogen, leveren en opnemen, U-Q/Pmax profiel

Artikel 3.19 lid 4 Type B Artikel 3.19 lid 9 Type B
Artikel 3.26 lid 1 Type C Artikel 3.26 lid 2 Type C
Artikel 3.26 lid 1 Type D < 300kV Artikel 3.26 lid 2 Type D < 300kV
115 1,2
1,1 1 [ —]
1.05 \ 4|y 0,8 Vaste buitenste
—a ) enveloppe
& 1 & 0,6
= & — Blindvermogensbereik
095 |— \ , / 1 oa
0,9 - 0.2 Toegestane afwijking
0
s -0,5 0 0,5
-0,5 0 0,5 Q/Pmax

Q/Pmax
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Blindvermogen, leveren en opnemen, U-Q/Pmax profiel

Artikel 3.30 lid 4 Type D = 300kV

1,15 ¢
1,1
1,05 Vaste buitenste
E 1 enveloppe
=l : .
0,95 Blindvermogensbereik
0,9 s -
——=Toegestane afwijking

0,85
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Fault-ride-through (Power Park Modules)
* Artikel 3.17 lid 3, Type B en C, Artikel 3.28 lid 3 Type D

Ulpu. &

1.0
0.85 0.85 Upees o
=U:.EEI’ =U:.EEI’ urecl

(I

u t =Ur5t u l U
r u
0 0.05 U, "
1] Tebear Lreci { A Trech tfsec
p.u. p.u. toesr  teet e treca 0= begin_van de fout
Type B, C s 0.2 tw Tt 2.0 Clear = eind van de fout

Type D s 0.25 St hees 20 Rec = recovery
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Single line 1.4 GW Zonnepark

380 kV
OHL Grid

PS1 GIS3
1152 kv 270MVA PTR #3 33kv
L3B0 kv Gls 2 POC PS1 132/33/32 kv H312
OHL Gantry N0, [ ]
D57 205
4.25 km OHL
= CKT #3
-
270MVA PTR #2
132/33/33 kv
= = D58
e 4.25 km OHL 205
2 %500 MVA TRF CKT 22 ¥nodl1idil
380 /132 /33 kv
152 kv 270MVA PTR #1
L
G5 1 132/33/33 kv
105
Dos 4.25 km OHL
— 1 T ¥n0d11d11
0
PS2 GIS3
270MVA PTR #6 33KV
POC P52 2;’33,1’33 kv
OHL Gantry
D05 605
1.72 km OHL
—1 T e YnDdlldll
[ ]
270MVAPTRY#5 ~ PS2GIS2
132/33/33 kv 32kV
== WT——H . =
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Beveiligingsconcept 132kV verbinding

Mainl | comms [ Main1l
—1  Prot. @) Prot.

Main2 | comms | Main2
Prot. (i) Prot.

BSP 9905

OHL

Busbar
Protection

Zone Differential

Reverse Zone Distance Forward Zone Distance

Main 1 Main 2 »
Differential (87L) Differential protection (87L) + Distance (21)
Overcurrent protection
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Protection concept 132/33/33 kV transformer

Main 2 87T2
Protection
50/51/50N/67

Main 1 87T1
Protection
50/51/50N/67

132 kV BSP 33 kVPS GIS
A
| 8. L z A #—o-]
I 77
O A
ProteHclt-ion ‘_, = A : I
| Eartyner || 33 kVPSGIS
1 64-lv 1 Prot.
64-HV Prot.
Earth/NER

!

64-lV2 Prot. |

Zone Differential
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Protection concept 132/33/33 kV transformer

Main 2 8772 Main 1
ain . .
Protection Differential (87T)
50/51/50N/67 ==
IE.I;]
Main 1 87T1
Protection
50/51/50N/67
/51/50N/ |
132 kV BSP @ 33 kVPSGIS
» .\r-\ v
| 8ol i A B
I OHL 0 ~ S _<>_|
Protection ] - A
|| Earth/NER 33 kVPSGIS
1 64-v 1Pt ||
64-HV Prot.
l Earth/NER
I:i:' —4| ea-v2prot. |

Zone Differential
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Protection concept 132/33/33 kV transformer

Main 2 87T2 Main 1
aln . .
Protection Differential (87T)
50/51/50N/67
Main 1 87T1 Main 2 *
protection Differential protection (87T)
50/51/50N/67 Overcurrent protection (50,50N, 51)

132 kV BSP 33 kVPS GIS
» .\r\ L
| 8ol g A o]
I OHL ﬂ ‘ o _<>_|
proteeten | EartyNER || 33 kVPSGIS
1 64-1v 1 Prot
64-HV Prot.
Earth/NER

!

64-lV2 Prot. |

Q
=0
:

Zone Differential
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Protection concept 132/33/33 kV transformer

Main 2 87T2

Protection

50/51/50N/67

Main 1 87T1

Protection

50/51/50N/67

132 kv BSP
| 8. 1l s
gt
Protection

64-HV Prot.

33 kVPS GIS

Y

!

=4

[| Earth/NER I
- 64-lV 1Prot.

Zone Differential

Earth/NER
64-LV2 Prot.

_H
_<>_|

33 kVPSGIS

Main 1
Differential (87T)

Main 2 «
Differential protection (87T)
Overcurrent protection (50,50N, 51)

Restricted Earth Fault protection (REF)

High impedance:

64 HV, HV side of the transformer, overcurrent protection
(I50NS: Hi Z REF)

64 LV1/ 64 LV2, Both 33 kV MV sides of the transformer,
overcurrent protection (I5SONS>Hi Z REF)

Low Impedance :67REF
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Protection concept 33/0.4 kV inverter transformer

Line(s) Line(s)
Cable Al 1C Cable Al 3C
SB1MVPS 109 - MVPS 108 ‘ : MVPS 107 ‘:[_"
E £
:g:'f N A
ot} KD{ Voltage
gc% \ IDT 163 (p.u.)
3 3300 6/0.6 SUNgrow Inventer Transfor RS e |
= | . | s |
= . '
TR N /|  PSREEOCICR TS
= R g iy
H =1 L '] ——
H 18 oo A S S / ‘f
JERVLVEE 4 08 I [ |
AA w— SGU
. ., . — L SG
Protection (traditional) o | — vou
59 {
50. 51. 50N, ez
’ ’ ’ &8
Synchranous.
5 1 N 2 7 SyNChronous
] /] Time
[ | =
- / b
0.3s 1.3s /] 30min
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Protection concept 33/0.4 kV inverter transformer

’7 Challenge connection renewables
T « Short-Circuit (SC) contribution depends
g on connected panels/turbines
a Min SC=0; Max SC=1.1xlnom
i ] * No zero-sequence (issues earth faults)

Rt * Low Voltage level during SC
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Protection concept 33/0.4 kV inverter transformer

Low Voltage level

Loadflow situation

X=4Q X=4Q
Zgen —1(‘)— Zgrid Zgrid
=gk |=800A N
Source m 66kV/V3 S| R=45Q
'L' o
|

N
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Protection concept 33/0.4 kV inverter transformer

Low Voltage level during SC

U=19,2kV U=9,6kV U=0
X=4Q X=4Q
Zgen (oil/gas): X=80Q Zgen 719— Zgrid Zgrid ——
— | =2,4kA N
Source (M\y S| R=450
# o
O— |

Fault-ride-trough support at 30% Un = 11,43kV
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Protection concept 33/0.4 kV inverter transformer

Low Voltage level during SC

U=6,4kV U=3,2kV U=0
X=4Q X=4Q
Zgen (RES) : X=40Q Zgen —f)— Zgrid Zgrid —
=g | =800A N
Source (M\y S| R=450Q
* o
|

N

Fault -ride through supportat5% Un = 1,9kV
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New protection concept 33/0.4 kV inverter transformer

Protection
 Differential =
.+ dl/dt (ROCOI) /| )
- du/dt (ROCOU)
. PMU =g

Pre-fault condition  Post-fault condition
RS
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