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- (Qverview of the Interconection
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- Technical Background

S.E. 400 kV Baixas

BADNAS MMC11 MMCL2 . LLOGAIA
- \emarion Rasisrar ~0km DC Cable e i e - IS Sl B B

oL — % :m_ E’é —L L

“"AC-DC corridor

L 1,000 MW H
SPRI JEI 320KV %spmz S.E. 400 kV Santa Llogaia
NRICZL MARIC22
s axtor - TokmDC Cable [——1 = " tion Ruties :I S.E. 400 kV La Farga
wSIEY L1 —ifr-l- [r— J—%‘— 7—|::|— bl
o 3 T (ommm—] T | T S.E. 400 kV Bescand
- E 1,000 WD = + 4
SPRI1S =30 KV {SPRI2
I 1 |l
k —I S.E. 400 kV Sentmenat
S.E. 400 kV Vic
HVDC Rated Power: 2 x 1.000 MW —

. . . S.E. 400 kV Pierola
Configuration scheme: Symmetric monopole

AC Voltage: 400 kV * In parallel to the 400 kV Vic-Baixas

DC Voltage: +320 kV « With a constant power flow between
France and Spain, if the DC power

Reactive Power Capacity: +400/-600 Mvar per converter changes in 100 MW, the 70% is assumed

station by the 400 KV Vic-Baixas line and the
Converter Stations Technology: Modular Multilevel Converter remaining 30% by the rest of
(MMC) interconnection lines
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—_Angle Difference Contro] m————

W

PVSC: +K*A6:

* P,€[-1.000, 1.000] MW per link

* Modifications of PO have a low impact on the total
power transmitted by the VSC link:

A Py=1.000 MW = AP,,=160 MW.

* Modifications of Py have a low impact on the active
power flows of the AC interconnection lines:

AP,=1.000 MW = AP =-245 MW.

Vic-Baixas ™
* Moderate impact on the system transient stability

* Moderate impact on the system small signal stability
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+ K+ (‘SBaixas o ‘SSanta Llogaia)

K parameter
« KE[0-180] MW/s per link

* Increasing K would imply considering a shorter line
and therefore greater active power by the VSC link

* There is a saturation of the control for high values
of Kand the control can produce oscillations.

* A small value of K will require large changes Ad to
cause significant modification in the DC active power
set-point.

« Changes in A8 will modify the DC active power and
vice versa, changes in the DC active power will also
modify A8, although in smaller amount due to the AC line
in parallel




=== Angle Difference Control. Implementation

W

Deadtime Tp of
the signal

transmission Filtering

-

Tp=100ms K=2-180MW/deg 1+ T cad
------------------- L 1+ST|_ag

"\
o7

Tl_eadzoms

4

a
T

_/ Active power setpoint
without
modulation functions

Filter: Damping of Oscillations due to the ADC
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Steady State and Other Contingencies
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Potencia HVDC (MW, + Importador)
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—— | logaia-Baixas

Vic-Baixas

Int. Francia-Espana

InnoDC
October 2020

ELECTRICA
DE ESPANA

RED




-= HVDC Active Power Related to K Value

1400
z
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- HVDC Active Power Related to T Value

240,00

260,00

= 34000
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16/01/2019 09:12:09 )0 09:16:00 09:20:0  16/01/2019 09:22:09 ) 16/01/2019 09:45:27 09 48 16/01/2019 09:55:27

Constant T for the first order delay filter:

Until January 2019: 750 ms (value stablished From January 2019: 50 s (value stablished based on
based on the studies developed during the the studies performed after the CE interarea

design of the HVDC) oscillations of 1t December 2016)
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- Opening of L 400 kV Vic-Baixas Line
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29/06/2016 = Topological action in L-400 kV Vic-Baixas line.

HVDC

——Rest of AC tie lines
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——L-400 kV Vic-Baixas
Corridor (HVDC+ AC Vic-Baixas)

——FR-SP Interchange Program
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-—=_Single phase in 400 kV Vic-Baixas Line with Reclosing

Trip + reclose L-400 kV Vic-Baixas)

Voltage
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Real Voltage and Voltage setting point (kV)

00:81:€C
00:¥T:€C
00:0%:Z¢
00:90:¢¢
00:Ce'1¢
00:85:0¢
00:vZ:0C
00:0561
00:9T:61
00:Z¥:8T
00:80:8T
00:vELT
00:00:LT
00:9Z:91
00:-2s'ST
00:8T:ST
00: vl
00:0T-¥T
00:9¢:€T
00:20€T
00:8Z:CT
00:PS°TT
00:0¢:TT
00:91:01
00:¢T0T
00:8€6
00:v0:6
00:0€:8
00:9S:L
00:¢ZL
00:81:9
00:v19
00-01:S
00:90-5
00:Zev
00:8S'€
00:vZE
00:05:¢
00:9T:¢
00: 21
00:80'T
00:vE0
00:00:0

44U

415
410
405 -
400
395
390

- \/oltage Controlin S. Llogaia

| 14

= = Seot Point

Uactual 2

Uactual 1

InnoDC
October 2020

ELECTRICA
DE ESPANA

RED




— Trip of C.T. Teruel

Teruel (900 MW)

T

ip of the C

08/12/2015 > Tr

Comportamiento de las Lineas DC de interconexién ante el disparo de la CT Teruel

Comportamiento de las Lineas AC de interconexion ante el disparo de la CT Teruel
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Interaction between both Converters
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—= (scillation in Both Converters
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- (scillation Frequency ~ 1.700 Hz
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- Beginning of the Osciillation =————————————————————————
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- End of Oscillation. One converter trip
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Interarea Oscillation
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- |ncident 1 December 2016 (n:18n)
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- (Oscillations in The System
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- Frequency South of Spain and Power Vic-Baixas
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- Frequency South of Spain and Power Vic-Baixas
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- |_ess damping ADC tan Constant Power

The angle difference between Baixas and Santa Llogaia is the integral of the frequency difference A8= [ Af =>in sinusoid
oscillation Ad will be at 902 lag of Af.

First order delay will lag HVDC power and reduce its module.

Undamping Power
Af Baixas-Santa Llogaia

<& >
< »

HVDC Power

| AS Baixas-Santa Llogaia

A
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- Possible Explanation

First Order Response(f=0,24 Hz)
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o] o Module /

o0 © T 50 = —
Undamping Power
20 0.4
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-so\ 10 20 30
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0 T 50
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- Possible Explanation
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Q 0
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Undamping Power—
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Variacion del amortiguamiento (AZ (%)) en funcion de t del Pmode3. Llano+N-1_Argia-Cantegrit

Pmodel

T(s)

Small Signal stability Study
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- Change of First Order Constant Time

Modification of < (Filtering Time Constant)

T=750ms

16/01/2018 09:12:09 20 09:16:00 09:18:00 09:20( 16/01/2019 09:22:09 1(}
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2-phase faults with different short
circuit power
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- 2-Phase Fault with High Short-Circuit Power
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- 2-Phase Fault with Low Short-Circuit Power
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- HVDC Power
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- HVDC Power: Detail
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- Frequency in Spanish Network ———

Frecuencia
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