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Wind and demand, dance partners ?
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Load, wind and COreland
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Where does it fit iInto NAWEA

Charver £ e Nr® Amsercas Wind Taerp Acadessy

Charter for the North American Wind Energy Academy
(NAWEA)
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Educational programme & succession planning




NAWEA Research Programme

Systemscience and engineering
Gridintegration and management

Interdisciplinary Research
g3

Social acceptance
Policy research

Atmosphericsciences
Environmental science
Market barriers
Businessandfinancial

New research




Some Research Areas °

4 Fundamentals of power systems
Asynchronous generation
Transmissiomlystem changing

& Flexibility
Wind providing control
Optimal portfolio & tools
Cycling
Markets




Asynchronous$senerationTechnologies
are changingthe Gridfundamentally
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Simple Model of the Grid

il g Synchrono generator

i"'--..'*&

+*

50/60 Hz

*
*'.'--.--'l-

Does not add l

to system inertia
Doubly fed induction _
generator wind turbine turbine generator

Fixed speed wind



11

Wind Turbine Inertial Response
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Operational Boundaries g =

wOo
8000
WMAX
7000
6000[ SMAX
=3
=
< 5000
o
4000
WMIN
3000
E e : SMIN
2000 ) ’ -
0 1000 2000 3000 4000 5000 6000 7000 8000

|:)wind [MW]

EIRE; ;RE:IDT) http://www.eirgrid.com/media/Renewali#20Studie 8020V 3.pdf


http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf
http://www.eirgrid.com/media/Renewable Studies V3.pdf

Existing 765 kV
— N 768 WV
P ACDCAC Link

Composite Wind Resourco Map

\

Transmission system is expanding

and changing
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AC/DC ? ’

A Overhead lines

A Seacables (short)
A Underground cables
(short)

A Overhead lines
A Seacables
A Underground cables
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Public acceptance of Transmission




Maximising the Capacity of the Grid

TABLE I
TEST SYSTEM WIND CAPACITY FACTOR INFORMATION (%)

System 3 5 7 9 1 13 15 17 25 33
Node ' ) - - B
dvear | 503 | 206 | 207 | 290 | 303 | 310 | 319 | 314 | 324 | 3309
dataset

l-year 1 40 | 285 | 287 | 295 | 289 | 209 | 315 | 281 | 302 | 323
dataset

. dzNJ S 59 Iy & Study af Optima Na&irmaWind/@ahacity Connection to Congested
¢ N} V& YA & aAIBBE Transactios YriSugtainable Enafoly 2, pp. 167176,2011.



Maximising the Capacity of the Grid

TABLE 11
OPTIMAL NONFIRM WIND CAPACITY ALLOCATION (MW)

System 3 5 7 9 11 13 15 17 25 33

Node ) ] ) - .
O (Gw)
1 ] 0 (¥ 0 (1 {1 177 T 432 321
2 0 0 0 0 0 0 308 364 704 624
3 0 0 6 0 635 0 914 563 548 903
4 0 228 157 ] 175 325 1087 353 523 952
5 0 730 376 0 338 543 1030 | 415 582 985
G 508 #2812 637 0 372 651 854 o7 717 1051
7 1145 | 854 639 60 334 683 889 442 812 1140

. dzZN] Sz 5@ Iy & Study af Optifna ReBirmawind/@apacity Connection to Congested
¢ NI ¥y & YA & & AIRBE Trarsactios vraSustainable Engfoly 2, pp. 167176,2011.
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Flexibility




Ramp ERCGT8/19" April 2009
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http://www.nerc.com/docs/pc/ivgtf/IVGTF_Task_1_4_Final.pdf

Flexibilitymetrics
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Wind providing control




Aggregate Emulated Inertial Response™

i Potential response from wind will be stochastaependent on:
Number of turbines online
Operating level of wind turbines

Number of turbines above minimum speed Response at different operating points (G
(from wind farm data, across the island of  field tests)
Ireland)
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