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Preliminary dynamic results

Preliminary dynamic simulations were performed on cases of
EIRGRID+SONI for 2020 with and without planned wind
generation

Simulations of characteristic disturbances were compared Iin
order to assess the impact of high penetration of wind
generation:

System frequency
Power system total generation and losses

Voltages of 400 kV, 220kV and 110 kV
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_ SIEMENS
Introduction

Simulated disturbances:
Outage of 132 MW steam unit in Tynagh

Three phase fault in S/S 400 kV Woodland (100 ms duration)
followed by outage of 400 kV line Woodland — Oldstree

Three phase fault in S/S 220 kV Maynooth (100 ms duration)
followed by outage of 220 kV line Maynooth — Finnstown

Three phase fault in S/S 110 kV Cathleens Fall (100 ms

duration) followed by outage of 110 kV line Cathleens Fall —
Srananagh
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Introduction
In case of connected wind generation:

Fully rated converter wind generators (Type D) were
iIncluded only

Total wind power generation is 50% of planned installed
wind power or 3775MW

That Is 48.5% of total generation (7768 MW) from all power
sources
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Fault on 400 kV level : 400 kV bus SIEMENS
voltages in “no wind” case

Voltages of 400 kV SIS Kilkenny, Cavan and Moneypoint (no wind)

[pu]

oaf o]

D-l'r T T T : - - - : . . . :

Time (seconds)

F21 -WOLT 3774 [CANV AR 350,007 : no wind
F25-%OLT 38934 [MMYPGET 380.00] : no wind
11 -NOLT 3264 [KILKEMRMY  380.00] : no wind
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Fault on 400 kV level : 220 kV bus SIEMENS
voltages in “no wind” case

[pu]

oaf ]

D-l'r T T T : - - - : . . . :

Time (seconds)

" #5.vOLT 3522 [LOUTH  220.00]; fault400_nawind
W ——— 341 - WOLT 5142 [TARBERT  220.00]: fault400_novwind
W~ 309 - WOLT 3202 [MMOCKRAH  220.00]: fault400_nowind
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Fault on 400 kV level : 110 kV bus SIEMENS
voltages in “no wind” case

1.1

0.93 1

Dg T T T : - - - : . . - :

Time {seconds)

B28 - »OLT 1721 [CAHR 110.00] : fault400_nowind
732 -%OLT 3501 [LAMESBOR  110.00] : fautd00_nowind
783 - %0LT 46351 [RINGZEND  110.00] : faultd00_novwind
930 - WOLT 87310 [OhaHT- 110000] © fauttd00_nosednc

RV
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Fault on 220 kV level : 400 kV bus
voltages in “no wind” case

Page 7

0.s

0.y

SIEMENS

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

Nov-09

Time {seconds)

v 311 - wOLT 3264 [KILKEMMY  380.00]; fault220_novwind
v 321 -wOLT 3774 [CAVAN  380.00]; faut220_nowind
[ 325 - wOLT 3954 [MNYPS1 38000 faul220_nowind
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Fault on 220 kV level : 400 kV bus SIEMENS
voltages in “with wind” case

[pu]

I} L

nr T ' T f ' y y I T T g }

Time {seconds)

W 239-WOLT 3264 [KILKENNY  380.00] : fault220_wind
W 249 WOLT 3774 [CAWAN  380.00]: fault220_wind
W 253 -WOLT 3934 [MNYPG1 38000 fault220_wind
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Fault on 220 kV level : 220 kV bus SIEMENS
voltages in “no wind” case

[pu]

oaf 1 S AR

D-l'r T T T : - - - : . . . :

Time (seconds)

" 309 - WOLT 3202 [MMOCKRAH  220.00]; faulk220_nawind
W ————— 315-%OLT 3522[LOUTH  220.00]: fault220_nowind
W~ 341 - WOLT 5142 [TARBERT  220.00]: fault220_nowind
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Fault on 220 kV level : 220 kV bus SIEMENS
voltages in “with wind” case

Voltages of 220 kV SIS Louth, Tarbert and Knokraha {with wind)

[pu]

pad ] ]

D? T T T : - - - : - . . :

Time {seconds)

239 -NOLT 3264 [KILKERNKY  330.00] : fautt220 _wind
243 -NOLT 3322 [LOUTH 220.00] : faultZ20_swind
269 - %OLT 5142 [TARBERT  220.00] : fautt220 _wind
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Fault on 220 kV level : 110 kV bus SIEMENS
voltages in “no wind” case

0.93

nAa

Page 11
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Time {seconds)

RV

B28 - »OLT 1721 [CAHR 110.00] : faultZ20_nowind
732 -%OLT 3501 [LAMESBOR  110.00] : fautz20_nowind
783 - %0LT 46351 [RINGZEND  110.00] : fault220_novwind
930 - WOLT 87310 [OhaHT- 110000] © faultZ20_noswinc
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Fault on 220 kV level : 220 kV bus
voltages in “with wind” case

Page 12

nAa

SIEMENS

0.93 1

Nov-09

Time {seconds)

39 -WOLT 1721 [CAHIR 110.00] : fault_220_wind110

163 - %0OLT 3501 [LANESBOR  110.00] : faut_220_wind110
M6 -%0LT 48351 [RIMGSERD  110.00] © fautt_220_winc110
331 - %OLT 87310 [OMAHT- 110.00] : fault_220_wind110
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Fault on 110 kV level : 400 kV bus SIEMENS
voltages in “no wind” case

|
i
!
!
|
i
i
i
!
|
i
!
!
|
i
i
i
!
|
i
!
!
|
i
!
!
!
|
i
i
i
|
i
!
!
ol

Voltages of 400 kV SIS Kilkenny, Cavan and Moneypoint (no wind)

1173
115
1125
1.1
1073
1.05
1025

[pu]

0.975
0.95
0.925
0.9
0.575
0.55
0,525 1
0.5 . . - i - - - : - - - i

Time {seconds)

I 311 -WOLT 3264 [KILKEMNY  350.00]: fault10_nowind
W ———— 321 -WOLT 3774[CAYAN  380.00]: fault!10_nowind
W~ 525 - wOLT 3934 [MNYPG1 38000 faut!10_nowind
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Fault on 110 kV level : 400 kV bus SIEMENS
voltages in “with wind” case

o 8 B B B B B o B B B B o B B B B B -
1 Voltages of 400 kV SIS Kilkenny, Cavan and Moneypoint (with wind) i
! - - - i
. . | | I
1 AR R R RRRELLEEEEE R R RRRRELLLEEEEE R D i
. . | | I
S S A A C i
. Z | | I
1 1054--------- - - Sy = LT EEPPEETEEE i
I = g —— i — i
- S P e e e B i
. : : : I
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| 09t--------J------ - S RREEEEEELEEEEE  EREEEEEELEEEEE o F
. : : | I
I 05t  RERRRRECEEEECELEED R RERRROECEECEEELEED ey g
. . | | I
1 08 . . . : . . . - - - - : F
I 0 25 3 Fi=] 10.
i Time (seconds) :
: W 233 -%OLT 3264 [WILKENMY  350.00] : fauttd 10_wind I

™ 249 - WOLT 3774 [CAVAN  380.00]; fault! 10 wind |
: ™ 253 - WOLT 3934 [MWYPGY 380001 fautt 10 _wind |
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Fault on 110 kV level : 220 kV bus
voltages in “no wind” case

SIEMENS

o -

1 Voltages of 220 kV SIS Louth, Tarbert and Knokraha {no wind) I

| . r .

i 14754 ----m e e T ----------------------- R EEREEEEEPEEPEEES
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o254 R LR EE PP LT LR R RRCEREEEEEEEEES e EREEEEEEEEPEEES

I (RIE EECEEEEEPREEPEEEPEPPRE R LR EE PP LT LR R ERCEREEEEEEEPEEEPE e EREEEEEEEEPEEES

1 1.075 fg%:pf..—hh_____ —

1 105 4-------- {x ----- L - P EECEEEEEEEEEEEEEEE,

i —_1025 4 Y L e e —

R R R R — R

I 0875 f- o o R ERREEEEEEEFEEES

R T:-F [ | S U e

Y~ -F R | R b T —

I 094 b T —

| oosrsdo S N —

I 085 4o S R

JILZT SERRREERTR S R

! 03 i : i

I 0 25 5 75 10

i Time {seconds)

: 3 309 - VOLT 3202 [KNOCKRAH  220000]: fault!10_nowind

. i~ F5-WOLT 3522 [LOUTH  220.00]: fault110_nowind

. v 341 - wOLT 5142 [TARBERT  220.00]: fautt110_nowind

S et YT YT T T T T—T T TT=TT—TT=TT=TTTTTT=TT—Tr—rr—rr—r A i
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Fault on 110 kV level : 220 kV bus SIEMENS
voltages in “with wind” case

1.1

1.05 -

[pu]

09 4---mmm e O EERCECCEEEEEEEEEEEES L EEEEEEEREES R EEEECEEETEEEREREEE

;- R R b e e e ]

0.4 - - - I : ' ' I : : ' }

Time {seconds)

~ 237 - WOLT 3202 [KNOCKRAH  220.00] : faultd 10_wind
~ 243 - WOLT 3522 [LOUTH  220.00]: fault110_wind
v 260 - WOLT 5142 [TARBERT 220,00 fault!10_wind
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Fault on 110 kV level : 110 kV bus SIEMENS
voltages in “no wind” case

Page 17

1 Voltages of 110 kV SIS Cahir, Lanesboro, Omagh, Ringsend (no wind) i
I T T T i
I . : : -
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I n
: W 28 - WOLT 1721 [CAHR  110.00]: fault!10_noswind I
: =3 732-%OLT 3501 [LAMESBOR  110.00]: fault!10_nowind I
: W 785 -WOLT 4651 [RINGSEND  110.00]: fault!10_nowind I
. i~ 950 - WOLT 87510 [OM&H1-  110.00]: fault!10_nowwind [
: 4
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Fault on 110 kV level : 110 kV bus
voltages in “with wind” case
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0.3

0.3

SIEMENS

|

.................................................................................................... i

|

1] 25 3 7.3 1III!

Time {seconds) !

|

"2 59_%OLT 1721 [CAHIR  110.00]: fault_110_wind I

v 163 - WOLT 3501 [LAMESBOR  110.00]: fault_110_wind 1

v 216 - WOLT 4651 [RINGSEND  110.00] ; fault_110_wind I

v 381 - WOLT 87510 [OMAHT - 110.00] : fault_110_wind I

----------------------------------------------------------------------- J
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Conclusions

Engagement of 3775 MW of wind generation decreases power
system control reserve of Ireland almost two times

Power system is more vulnerable to active power imbalances
caused by generation/load outages (restoration of system
frequency to 50Hz is more difficult)

Bus/line faults are causing voltage drops on all voltage levels.
Less conventional generation in favour of wind, means less

capabillity to support voltage

Voltage drops can cause further frequency drops due to the
reaction of converters (fault ride through mode decreases
active power flow)
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