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Wind Power

« Significant increase in wind power

« 30% renewable by 2030 in CA, 50% by 2050
« Taken as negative load

« Must participate in the market if subsides end

Uncertainty limits wind participation
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Overcoming Randomness

« Spatial diversity: coalitions
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Overcoming Randomness

« Spatial diversity: coalitions
« What about market power?
CA Energy Crisis

PALOS VERDES PENINSULA NIWS SOV M

ENERGY NEWS

woiris Canvler for the
Parforming Ans. 17570
Croiphedd Dowe in B, o
Saterda, Masch 20 at Zand 4
om Thiots are $58 for aduiy
d 419 10! stutents for the

perfoorasce and §30
dor 23S and 335 foe sto-
NS 3% DA Matrag por-
formarce. For rmeraations,
call $34.0301

» UPCOMING < The Pales
Verdes Pecinuda Unded
Scheol District and Friends of
Scheol Musle host Lhe 750h
Pabos Yerdes Dammetary
Choral Festival 00 Marih 23,
24 2071 25 3 D Nowria
Conter far the Pertooming
Any I7570 Crosstin’d Drive in
FHE AN shows begin at 7:33
P For tioaty, oot the
Norrn Bax office at $44040)

Oitinctive fdge. 79050 5
Worters Axw, Surtn 113 0

WPV, continges “Third Ty
o Charm” an exnbit of 50
ollbges by arvst Steve
Aetobees, theough March 30
For gallery houn. call
8313613

« ONGOING — "Nataral
Treasures® exhBtion contie-

Tapes Show Enron Arranged Plant Shutdown

~

Tho yrats apo, US Navy pets
ol e il assiprad W the
Astegs Nirvy buse, bowne of the LS5
Kintyhewk, wete tiewied 10 & reve
aperiesce when Terry Foming nd
b ool WdVAmean  tend,
lemisfree, traveied to the bune 10
ovesn then on 5L Parkds Dy
Flerring ara) D¢ ofer for meradery
of Irmisore wese delighead ond Lot
ceod 1 e w5l 80 g0 W Jagees and it
e spirits, if anly for & fow houns, of
the Navy personne] acxd theie Seemlien

For the thisd yeor i= 6 tuw, Rloning

2 bocal tmsesrance Seoker tn Kolling
Ul by doy end o evzrteines by
ngte — sod the bond trawd w et
taie thy Navy o, warses and far
ley =t varous Boses theoughont
Jopan

Floming, the Jader of the bund on
sccoecdsnn and harmonca, scoully
e oody murebar of the Sead Som
Ieddand, Ovhwer premsden oclad wad
singer Julie Debamay, » civil amgiopec
i Newport Beachs v Diavl
W 4 By Secnor with CRS news
Dt Doyle, Coltic harpiar, 2 prodes-
#0¢ ot Glendale College, Kevin Woed
berboards aed Dagpipes, muic

BT ead awimart dlexcior of the

2> £y Srvaphocy; sad Mike
Ty, Dase, & comspumer engiooet
Tive dand has e pleying (e bong
s Sreuh of Cabdormia fo past
25 ywars. They have played ot poiu
wikos, woddings. Sinbdum sl oa
wiavons whesr there wan itle
owse fov toowisg a pety.

Flersing says it was by coexcideace
One band ot the coperiuasey b trav-
o %0 Japan. Anochar Yand was anable
o wreved ot the anatr and o e
1o bis Dand wrre otfered T opgod-
Tneriy % g0 ¥ el pace

\ wieee Urpalics hey male
theie fior iy and with the owey
whelmmisg regurne they recetvedt o1
A, vy Soars oey hund wese quick
by allaped. O o dasyg SU Parihs
Day, buséeds of fenies dad
raunry shades of preen, whooged 1t uy
g et beasty ! daried o
vorrs. Ar e evring woee o, tatoy
in the sudience were eebobdored 1o
try their band o foct at the [rish gig.
weh mech o igrmm: ren the
baad

Poon though = froe bome,
Mgt base — woased & fow b

womsen In weifsom ey playol
heie pet i= pedtecting ond
=1 cver chalesging and
werdd

phe of e faeniins cven food
sk outt froew theis busy schedle 4o
1y acd the tand meoders
thee 1 & puided soor
5 bame ond accornparmed Shem on 8
nrg

aws
trests snd syvord punt Baddam

0 » dorracwn Tokyo, the
Pan? Cune a0 what Oy sussred
wry rare Ve, & prace called
Mupbnd an Trish pub hocar
e Deirt of & beinting down-
dwcking O rsadCah
meal out, they ovored » renl
subertic Wik Pub wih owdint
Grisniss and good pob gred, & 2o
Rappered 1 be ofen mic Bigt,
Coe Band pressbers bk aner U stagt

wd ernenained the focals v 5 fow
un filed Bocan, It termed oot that
ary eeablibanents

it Kt 000
o the ity :
A wpecal Bocad developad hetween
O hassd membery snd these femadies
v exihunge vt haye
< wArn the wove fumdies
wese o0 vy i the Urdied Saten

R

Feov wore wformation sbont the
et log .. [

v ta s re s camt

2/8



Overcoming Randomness

« Spatial diversity: coalitions
« What about market power?

* Gil & Lin,PJM, Trans. Power Systems, 2013
— 10% of wind can reduce the day-ahead price by half
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Overcoming Randomness
« Spatial diversity: coalitions
« What about market power?
Contribution:

« Tradeoff between uncertainty and market power

« Optimal size of coalitions
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Market Setup

« Two-stage market

Day-Ahead

Real-Time
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* N wind farms with output
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Aggregate Price Curve

« Two kinds of generators: Traditional and Wind
« Wind farms bid quantity
« Aggregate price curve for traditional generators

1*

e
G 0.8
£ (21.4,0.8)
()]
o
©
= 0.6F
o
©
c
S 04F
O
©
L

0.2¢

PJM 2008 Data

0 10 20 30 40 50 60
Price ($/MW)
4/8



Linear Approximation

 Price as function of wind
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Independent Wind Farms

 Wind farms are i.i.d.
 Large Nregime, a = 3.2
« Grand coalition
max (1 —aW)W —qE[(T W; — W)*]
« Optimal solution: W* < % = 15%

« Withholding because of market power
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Independent Wind Farms

 Wind farms are 1.1.d.
 Large Nregime, a = 3.2

 Grand coalition< % = 15%

 Individual competition
max (1 — aXW;)W; — qE[(W; — W)™ ]

« Optimal solution: total bid < 15%
« Withholding because of uncertainty
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Independent Wind Farms

Wind farms are 1.1.d.
Large N regime, a = 3.2

Grand coalition < % = 15%

Individual competition < % = 15%

 Intermediate size

Group size of +/N achieves a penetration level of% = 30%

« Socially optimal
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Correlated Wind Farms

 ldentical but not independent

) . 1
 Can still achieve -

« Solve an optimization to find the optimal group size
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Conclusion

« Tradeoff between market power and uncertainty

« Optimal size of coalitions

 Future directions: more detailed models
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