Offshore Grid Study

A Information for TSO offshore functional designs/policies
and stakeholders

A Cooperation Agreement RSE in June 2009

A Find Expansion Strategy Plans (ESPs) which:
I Optimises overall system costs
I Maintains system reliability
I Allows offshore power delivery
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A What will be the structure of an Offshore Grid ?
(i.e. Radial or Meshed ?)

A Are there potential synergies between Offshore and
Onshore Grid ?

(l.e congestion solution, bulk power transfer out of the
local needs)

A What kind of technology is cost effective in an Offshore
Grid ?

( use of AC and HVDC, opportunities and challenges)
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Methodology
Assumptions

Part B results (AC) 1 Ireland and Europe
Penalty factors (Europe)
Penalty factors (All Island only)

Part B results (AC/DC) 1 Ireland and Europe

Part A Additional Analysis 1 Ireland only
Reliability and Market
Reactive compensation
Harmonic Analysis
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Methodology
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A Developed in the 806s by DSR ( ENE
expansion in case of Nuclear Power Station developments

A CIGRE Working Groups
A Incorporated in a Digital tool: (LODEN)
A Extensively used abroad:

I Bolivia Master Plan (89)

I Tunisia (STEG)

I Magherbin Countries (Expansion Planning 91-95)
I Lybian Master Plan (96)
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Expansion Planning Methodology

A Provide the set expansion alternatives which might be useful for the
system expansion at a user define horizon year (i.e. 20 years)

Expansion
alternatives

After phase A =——

Yy
After phase B =—> © @
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Study Scenarios

GOF= Generation Offshore

GOF=5284 MW
(Wind max)
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GOF=3219 MW
(Wind min)
GOF=5284 MW
(Eirgrid sensitivity on
Offshore Location)
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GOF=7349 MW

(Eirgrid sensitivity on Offshore
Location+Installed Power)
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Interconnection
Scenarios




Scenarios being presented today
highlighted In green

A PART A (Irish Context)
I LOWS
A Pure AC model expansion
A Reliability and Market
A Reactive Compensation & Harmonic Analysis
I MID5
A Pure AC model expansion
I MID10
A Pure AC model expansion
I Case with Conventional Generation instead of Offshore Wind
=A Rure AC model expansion
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Scenarios being presented today
highlighted In green

A PART B (Further interconnection with Europe)
I MID5
A Pure AC model expansion

A Sensitivities with different values for the penalty for Wind
Energy Not Delivered

A Mixed AC/DC model expansion

I MAX10
A Pure AC model expansion
A Mixed AC/DC model expansion
sACase + Isles Project

ase + Isles Project + Ocean Ener
ElREﬁIB ‘ 9
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Z=(Prod. + Load
Subject to:

U DCLF equation

U Transmission capacity constraints

U Generation capacity constraints

AOPF

Ainary variables _
(infrastructure Yes or NO)-

AMixed Integer Prog. .|

Shed. +Wind Cur ©foss Annua

Al'l the possi bl e NnRe.
connections between new supply
pomts and the EX|st|ng Network

Avearly basis

A osses embedded in the
Anualised Investment
Costs
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Branch and Bound Technique

Part A (205)=5.1*106:

2 No of candidates Part B AC (1472)=1.3*10%s

Part B AC/DC (2855)=2.7*1085°

Combination of binary
variables solutions Y, O or 1

Colnt!nous I Q
solution /
el O Pn O

P2 () O
O 0@ O OO OO O O

P 2k I:)n2 I:)n

Cut off
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Assumptions
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Transmission Alternatives
DC

oOn<

2 X 460 MVA at 220 kV

+ 320kV, 600-1800 A

360-1080 MW XLP E

= = B —
930 MVA at 400 kV @ 1000-2000 MW

EIRGRID 1 GW Transmission
capacity
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Incremental Transfer Capacity (ITC)

GRID Scheduled Onshore (ROI)

Installed Wind Onshore (Gates)

= |n the year == Accumulative figure
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Wind Assumptions at 2030

OFFSH.
NW Scotland: e B
4000 MW ~ = --:j:'!ilij,"-”_‘—__"f—“
OFFSH.
. GB North Sea
- 17000 MW
= £ e
OFFSH. oy S& _.ﬁ‘—zf).(\i- <
NW All Island: (=5~ = 3 OFFSH. 1
2200 MW E GB Irish Sea 2'&-
I "~ 6000 MW %
= o .
e
-t e NI
NWROI = - = 1972MwW
2233 MW | . — N

J ] O?;SOHMSVOI OFFSH.
swWroOl 7 B hl GB Onshore ——~  GB Norfolk
2051 MW ~ SE ROI s = 9000 MYV O ) 5000 MW

1170 MW ’% e S A0 = : =
OFFSH. _ " |7~ ol—= i
GB Bristol Ch. | _# T < s :
1500 MW ';'_ —=s—ia_/ "4, '

OFFSH.
GB Channel
3000 MW

Total WIND
All Island + GB
61000 MW (2030)

EIRGRID



http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html
http://www.clker.com/clipart-15660.html

Load/Generation Scenarios

EIRGRID

A Most significant Scenarios from EXP

A Reproducing Yearly Wind Energy and
Consumption
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Wind Offshore Ireland

wind Offshore Assumptions (Ireland with 5284 MW)
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Wind Offshore
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205 Candidates

(ROW potential ~ « A All the possible
Oreasonabl
connections
between the nodes
are considered

A Any neglected
connection
alternative could
Influence the final
expansion strategy

A Only AC submarine
Cables




Reinforcement options

1472 Candidates
(ROW potential
reinforcements)
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Offshore Grids
Q. Method and Assumptions:

A Branch and Bound Methodology ?
A Right number of study years?
A Offshore circuit technology and size appropriate?

A Good basis for Wind growth assumptions?
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Part A Ireland Only

PURE AC Model
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2020
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Load 7665 MW
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CASE LOWS5

2025
3219 MW WOFF
Load 8235 MW
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Part B Results
Ireland and Europe

PURE AC Model
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Subsets

MAX10 +ISLES + Waves

MAX10 (7GW) MAX10 +ISLES (7GW + 4GW) (7TGW + 4GW +4GW)
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Part B 1 Sensitivity Analysis

Wind Curtailment Penalty factors
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A Three values were analyzed:
i 10,000 4/MWh
i O U/MWh
InNReal Penal tyo, whi ch
following breakdown:
A60 U/MWh for Wind Onshore Ireland

A 140 G/MWh for Wind Offshore Ireland
A 150 u/MWh for Wind Offshore Great Britain
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