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2.500

1.500

(Duck Curve )Ss,l soxw

e MW - Lunedi, 30 Agosto 2010
2.000 MW - Lunedi, 29 Agosto 2011
e MW - Lunedi, 27 Agosto 2012

1.000

~—

More upward ramping

[

—<
A

500

capability is required
when sun goes down

Increased requirement for
downward ramping capability
in the morning

Need lower minimum generation
levels to avoid over-generation

Source: ENEL



Need capacity to
meet peak load

Megawath
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Need
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: | ramping
capability

doxﬁiflard Need Pmin (minimum
- production) flexibility
ramping z .
to avoid overgeneration

capability
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Strategy to Minimize Downward Violations

Unserved
Energy

Limited
Ramping
Capability
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Significant cham?e.
starting in 2015 )




£ o Limited
5 -2 Ramping
£ 1000 e Capability

Segnihicant chon?e
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stfarting in 20

4 5 67 89 Renewable
Curtailment
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OPF: Run MATPower for

Generate wind forecast base case dispatch with

Time =t-1 exact wind forecast
Time=1t—-1

MCS: Sample forecast Re-run OPF with actual
error distribution for wind & wind generation and

demand, and then... demand, observing
Time =t ramping constraints

(>20,000 OPF runs)
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» 46 base cases defined based on wind power
forecast, load level and non-wind ramp-rate:

* Wind Output Forecast : 5%, 20%, 40%, 60%, 80%
" Reserves Margin: 7.5%, 10%, 15%, 20%, 25%
* Non-Wind Ramp Rate: 17.5%, 35%

" Allowed to spill wind? Yes/ No
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System Lambda Extremes, 35% Ramping

Hi WindLow Load
R Middie I
L ow Wind-Hi Load
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30 40 50
System Lambda ($/MWh)
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60 70720

Production Cost Extremes, 35% Ramping

[CIHi Wind-Low Load
I Middle
I Low Wind-Hi Load
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Production_Cost ($/hr) ¥ 10%
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Production Cost with Wind & Load Uncertainty, 35% Ramping

1.5

Bl Bas= Case
ElNo Spilling
[ Allow Spilling
[ 1Spill & Load Unc. ||

25 3 35
Production Cost ($/hr)
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100

juction Cost with Wind & Load Uncertainty, 17.5% Ramping

Il Base Case
I No Spiliing

] Alow Spilling

[ Ispill & Load Unc.

25 3 35
Production Cost ($/hr)
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Load Boundary

scenarios

Wind
Power
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K=1

3 v

R(K,I) = n{]ll:}n[l’cost(l(. D+ Seae(X— 1L, LK. )]

v

: X= Do for

=K+
Btk all States |
w in Period K

1.} = “N™ Feasible States in mterval K-1
R(K, I} = n{)Li{ll Peost (K, I) + Scosae (K— 1, L:K, )
+ R(K—1,L)]

+ X= Do for
Save N lowest cost all Stares |
in Period K

Trace Optimal Schedule




e e e SN
(SaSi Al

il 9> sty Sl

Unit Min Max C R, R{" To
(MW) (MW) (€/MWh) (MW/h) (MW/h) (MW)

1 150 455 20,335 80 80 300

2 150 455 21,229 80 80 300
3 20 130 34,003 26 26 0
4 20 130 33,420 26 26 0
5 25 162 28,993 32.4 32.4 0
6 20 80 32,834 16 16 0
7 25 85 38,856 17 17 0
8 10 55 59,673 11 11 0
9 10 55 61,207 11 11 0
10 10 55 61,963 11 11 0



T Ty
CC(€)  HC(€) 1S (h)
(h) (h)
1 8 8 9000 4500 8
2 8 8 10000 5000 8
3 5 5 1100 550 5
4 5 5 1120 560 5
5 6 6 1800 900 6
6 3 3 340 170 3
7 3 3 520 260 3
8 1 1 60 30 1
9 1 1 60 30 1
10 1 1 60 30 1




(ccuwl Bawgan 4193 o o579 (y195) (SO0 wolg LD

Peri Wind . Wind Wind
eri- ] Peri- ] . ]

ods PowWer ods power Periods power

(M) (MW) (MW)

1 1238 *_-"J 75.0 17 1538

2 146.3 10 75.0 18 168.8

3 131.3 11 97.5 19 146.3
4 131.3 12 105.0 20 157.5
5 150.0 13 86.3 21 1688
6 138.8 14 153.8 22 1425
7 1425 13 7.5 23 112.5
8 105.0 16 1238 24 750
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-30 =20 -1l0 u lo 20 30

P50 =

P75 =pu-0.670
P90 = - 1.280
P95 = - 1.960
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(Wind Power Curtailment)

Nw Nw
ZCvai (Wyi =Pyi) = Z Kpi (Wi —Pui)
I= |=
Unit C; (€/MWh)
Load Shedding 10.000
Wind Spilling 1.000

Generation Surplus 10.000
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