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Igre European Targets

Ireland has ambitious targets for renewables, particularly wind
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* Based on analysis of National Renewable Action Plans (NREAPS) as submitted by Member States



Technical Analysis
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Real Time Operational Limits and
Impact on RES-E
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Real Time Operational Limits and
lgl'e Impact on RES-E
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igre

A RoCoFcascade failure
I Loss of mains protection (G59)

I Generator capability
A Ramping

I Increased Variability and Uncertainty over hours

I Require increased margin and performance to manage
A System Voltage Control (Reactive)

I 25% reduction inTx online reactive power by 2020

I 50% of newwindfarmsin distribution including embedgded generators
A Maintaining System Transient Stability

I Increased electrical distance between remaining cgnventional gen

I Require improved dynamic reactive response fwandfarms
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lgl"é Frequency Control: Low Inertia

Daily Synchronous Inertia range (201(

60,000

50,000 -

40,000 - kL A I

30,000 v ¥

Synchronous Inertia (MWSs)

20,000

10,000

0
01-Jan10 01-Febl10 01-Mar-10 01-Apr-10 01-May-10 01-Junl10 01-Jutl0 01-Augl0 01-Sepl0 01-Octl10 01-Now10 01-Decl0

====Max Daily Inertia Min Daily Inertia

]l
' &

ﬁf) SeMO  SoNi

C2.16 - SC C2 Power System Operation and Control ERGRID L oprar ’""Q”‘"‘"‘



lgl"é Frequency Control: Lower Inertia

Inertia Duration Curves
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lgl"é Frequency Control: Lower Inertia

Inertia Duration Curves
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igré  Frequency Concept
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Igreé Frequency Control: Minimum Frequency

following event
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Igré Frequency Control
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lgl'é European Energy Roadmap 2050
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%:gre Outline

AGeneration Trends
ADenmark and Tasmania
ASynchronous Condensers and HVDC

ASynthetic or emulated inertia



%:gre Generation Trends

A From swing equation increasing H reduces angular
acceleration.

A Stability is also improved by reducing machine
transient reactance.

A Trend in manufacturing is to reduce H and to increas
transient reactance.

A More dependence on controls especially excitation
controls.

AHQ requires generatorsbo
Inertia constants of existing plants in same region.
(Min H for wind power is 3.5S)
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Igre

Denmark

ENERG!NL‘I‘/DK
Danish perspectives on system support
from different technologies
Generator | Generator WT WT Classical| MNew SVC/ Synch.
=100 kV <100 kV | =100 kV | <100 kV HVDC HVDC | STATCOM comp
Inertia st + (+) + (+) (+) = 1
Short circuit power ++ + (+) + = (+) . e e
Black start (++) (+) = + = (++) =/{+) =+
Continious voltage control ++ (+) (+) + =+ ++ ++ -
Dynamic voltage support ++ = +F = = ++ ++ ++
Damping of system -- + (+) + (++) (++) (+) =+
oscillations (PSS)
++ Large contribution
+ Minor contribution
(+/++) Conditionally available \'_
=+ Unavailable |

Dato - Dok.n
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%:gre Tasmania

A Tasmania is a small island system supplietiyaro-
generators, wind farmend one HVDAink.

A Their ROCOF criteria:
I Initial ROCOF to 49Hz is 3Hz/s
I Delayed ROCOF from 49 to 48.6 Hz is 1.176Hz/s

A These have been used to define the maximum amou
of synchronous generation using equations such as

Non Synchronous [MW]

= 0.17

System rotational energy [MW .s]
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%:gre Synchronous Condensers

A Both systems intend to use synchronous condensers

A In Tasmania they will be based around their hydro
generator$ digh inertiad .

A In Denmark, synchronous condensers fitted with
flywheels may also be considered.

A What is size of inertial contribution from a
synchronous condenser? Figures of 7.84 have beel
obtained from hydro units with vertical shafts.

A What will be the size of inertial contribution of a
synchronous condenser with a flywheel be?
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%.gre HVDC i 1

Inertia Emulation Control Strategy for VSE
HVDC TransmissionSystem

This paper preseng inertia emulation control
(INEC) strategythat uses the energy stored in the
DC link capacitors othe VSCHVDC systems

to emulate inertia. Thisupports théC network
during and following disturbances, withinimal
Impacton the systems connected beyond the
terminals ofthe HVDC system.



Igré HVDC 1 2

This can be realized by modifyirtiige HVDC
control systems. The proposed strategy Is
capableof emulatinga wide range of inertia time
constantsising relativelysmall constant
capacitances connected to i€ circuit
Additionally, the proposed strategy does not rely
ondf/dt measurement.

Emulation Control Strategy for WsOC-HWIDWC
T ransmMIission Systerns

Zhw, J. ; Booth, C.D. ; Adam, G.P. ;] Roscose, A 0. ; Bright, C.GG.
Power Swsterms, TEEE Transac tions on
wWolume: 28 |, Issus: 2

Digital Object Identifier: 1 0. 1109/ TPWRS. 201 2. 2213101
Publication Year: 20133 , Page(s): 1277 — 1287
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igré \WT Emulatednertia
The problem:

A Powerbalance on conventional systems well
understood

A Higher wind penetration levels

A Fewer conventional generatopsus
associated ancillary serviceg
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iIgré Frequency Nadir Distribution
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%:gre Response Shape



