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Day-ahead dispatch

CONVENTIONAL STOCHASTIC IMPROVED

DAY-AHEAD BALANCING
(MERIT-ORDER)




Conventional (model)

( DAY-AHEAD \
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Day-ahead dispatch costs

Power balance at the day-ahead stage

Technical limits at the day-ahead stage
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> Typically the expected production!

Balancing dispatch costs

Power balance at the balancing stage
Technical limits at the balancing stage
P, — R >0,Vi,w
P +rY < P; Vi, Yw



Conventional (example)

G3 @ i|_2 (90 MW)

100 MW

Bus 2
Bus 1
l @ @ § WP High: (50 Mw, 0.6)
L1 (80 MW) Gl G2 = Exp. production = 34 MW
Low: (10 MW, 0.4)
DAY-AHEAD BALANCING

Un|t Pmax C CU CD RLI’JnaX ngax
G1 100 35 40 34 20 40 Expensive, but flexible
G2 110 30 - - 0 0 Less expensive, but inflexible
G3 50 10 — —~ 0 0 Cheap, but inflexible
WP 34 0 - - 0 0 Free, but uncertain

Powers in MW; costs in S/MWh



Conventional (example)

Bus 1

100 MW

G3 @ i|_2 (90 MW)

Bus 2

oot QO QW

Gl

G2

DAY-AHEAD DISPATCH

Unit P™ | C pe
Gl 100 35 0
G2 110 30 86
G3 50 10 50
WP 34 0] 34

|

High: (50 MW, 0.6)
Exp. production = 34 MW
Low: (10 MW, 0.4)

Cost merit-order



Conventional (example)

G3 @ i|_2 (90 MW)

100 MW

Bus 2
Bus 1
l @ @ § WP High: (50 Mw, 0.6)
L1 (80 MW) Gl G2 - Exp. production = 34 MW
Low: (10 MW, 0.4)
DAY-AHEAD DISPATCH BALANCING HiGH (+16MW) | Low (-24MW)
unit | P™| C Py ey | C® | R R L | R | L | R
Gl 100 35 0 40 34 20 40 0] 0] 20 0]
G2 110 30 86 — — 0] 0] 0 0 0] 0
G3 50 10 50 — — 0 0] 0] 0] 0 0
WP 34 0] 34 - — 0] 0 0] 16 0] 0]
DAcosT = $3080 BcosT = S0 BcosT = $1600

ToTAL CosT = $3720




Day-ahead dispatch

CONVENTIONAL STOCHASTIC IMPROVED

DAY-AHEAD DAY-AHEAD
BALANCING BALANCING
(MERIT-ORDER) PROG

v" Follows merit-order

v' Easy to implement

x< High balancing costs



Stochastic (model)

~

DAY-AHEAD

-

minimize C°(ps, pw)+-Ew[CB(yw)]\

pG,pW,éo;yw,V@

st. h°(pg, py,0")—1=0
9°(ps,6°)<0
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\ 9°(Y,9,, Pe:W,) <0, Vo /
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Balancing prognosis

(Two-stage stochastic programming)



Stochastic (example)

G3 @ i|_2 (90 MW)

100 MW Bus 2

Bus 1

l @ @ Q WP [ High: (50 MW, 0.6)
L1 (80 MW) .

Gl G2 ) Exp. production = 34 MW
Low: (10 MW, 0.4)

DAY-AHEAD DISPATCH
Unit P™ | C ps
G1 100 35 40 To exploit ability to reduce production
G2 110 30 70 Less expensive, but inflexible
G3 50 10 50 Cheap, but flexible
WP 34 0 10 Dispatched below expected production
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Stochastic (example)

Bus 1

100 MW

G3 @ i|_2 (90 MW)

Bus 2

Gl

G2

uwwﬂiijW(

DAY-AHEAD DISPATCH

Unit P™ | C pe
Gl 100 35 40
G2 110 30 70
G3 50 10 50
WP 34 0] 10

High: (50 MW, 0.6)

Low: (10 MW, 0.4)

Cost

Exp. production = 34 MW

i=order
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Stochastic (example)

G3 @ i|_2 (90 MW)

100 MW

Bus 2
Bus 1
l @ @ § WP High: (50 Mw, 0.6)
L1 (80 MW) Gl G2 - Exp. production = 34 MW
Low: (10 MW, 0.4)
DAY-AHEAD DISPATCH BALANCING HIGH (+40MW) Low (OMW)
unit | P™| C p<t | ¢cY CP RO | Ro™ | i re | T i
Gl 100 35 40 40 34 20 40 0] 40 0] 0
G2 110 30 70 — — 0] 0] 0] (0] 0] 0]
G3 50 10 50 — — 0] 0] 0] 0 0] 0]
WP 34 0] 10 — — 0 0] 0 0 0] 0
DAcosT = $4000 BcosT = -$1360 BcosT = S0

ToTAL CosT =$3184
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Comparison

CONV STOC

Day-ahead dispatch cost ($) 3080 4000
Expected re-dispatch cost ($) 640 -816
Total cost ($) 3720 3184

Stochastic day-ahead dispatch yields a
lower total cost!!

What about the profits of the units?
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Comparison

CONVENTIONAL
4 (Minimioze C°(pe. Py) )
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STOCHASTIC

( DAY-AHEAD

(" ((Minimize € (pe. )+ E [P ()]

vapW ,50;yw,Va)
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Comparison

CONV STOC

Day-ahead dispatch cost ($) 3080 4000
Expected re-dispatch cost ($) 640 -816
Total cost ($) 3720 3184
Day-ahead price ($/MWh) 30/30 30/30
G1 profit for high wind ($) 0 173,3
G1 profit for low wind ($) 3300 I -200 I
G1 expected profit ($) 1320 24
DAY-AHEAD
unit | P™| C In the stochastic market clearing
Gl1 | 100 | 35 unit G1 is dispatched day ahead in a
G2 | 110 | 30 loss-making position
G3 50 10 15




Day-ahead dispatch

CONVENTIONAL STOCHASTIC IMPROVED
DAY-AHEAD DAY-AHEAD

[(MERIT-ORDER)H BALANCING J [ (TwO-STAGE) H BALANCING J

v" Follows merit-order v" Reduce expected cost

v' Easy to implement

x< High balancing costs x< Dispatch units in a
loss-making position

%< Cost recovery for
flexible producers only
In expectation

16



Improved (model)

C 4 Minimize C°(pg, Py ) )
< pG,pW,(SO
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_, Dowe have something better

than the expected production?
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Improved (model)

Conventional

40 50

30

20
Wind farm dispatch (MW)
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Improved (example)

G3 @ i|_2 (90 MW)

100 MW

Bus 2
Bus 1
l @ @ § WP High: (50 Mw, 0.6)
L1 (80 MW) Gl G2 - Exp. production = 34 MW
Low: (10 MW, 0.4)
DAY-AHEAD DISPATCH BALANCING HIGH (+20MW) | Low (-20MW)
unit | P™| C p<t | ¢cY CP RI™ | Ro™ | i re | T i
Gl 100 35 0] 40 34 20 40 0] 0] 20 0
G2 110 30 90 — — 0] 0] 0] (0] 0] 0]
G3 50 10 50 — — 0] 0] 0] 0 0] 0]
WP 34 0 30 — — 0] 0] 0 20 0] 0]
DAcosT = $3200 BcosT = S0 BcosT = $800

ToTAL CosT = $3520
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Comparison

CONV STOC IMPR
Day-ahead dispatch cost ($) 3080 4000 3200
Expected re-dispatch cost ($) 640 -816 320
Total cost ($) 3720 3184 3520

CONV STOoC
Day-ahead price ($/MWh) 30/30 30/30 30/30
G1 profit for high wind ($) 0 173,3 100
G1 profit for low wind ($) 3300 -200 o)
G1 expected profit ($) 1320 24 60

Dispatching the wind to 30 MW reduces the total cost while
ensuring a positive profit of unit G1 for all scenarios
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Improved (model)

/KMinimize CD(pG,pW)+Ew[CB(yw)]\
Pe s Pw 8%, P Y18 V0

st. h®(y,,5,,6°)+W,_—p, =0, Vo
9°(y,.5,,Pg;W,)<0, Vo
0< ™ <W Bilevel optimization

(Pe. pW,5°)earg{Min’iXm'(igze C°(Xe %) problem

DAY-AHEAD

st hP(xg, %y, 0)—1=0
9°(%5,6) <0

v, <pr} / The margmalcost ofa
stochastic generator is

l Por PO the cost of its uncertainty

o ] ™~
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Yo
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Day-ahead dispatch

CONVENTIONAL STOCHASTIC IMPROVED

[ DAY-AHEAD H BALANCING J [ DAY-AHEAD ]—)[ BALANCING J [ DAY-AHEAD ]—)[ BALANCING J
(MERIT-ORDER) (TwO-STAGE) (BILEVEL)

v" Follows merit-order v" Reduce expected cost v" Lowest expected cost

v Easy to implement following merit-order

v" Cost recovery for

scenario
x< High balancing costs x< Dispatch units in a x< High computational
loss-making position burden

> Cost recovery for
flexible producers only
In expectation
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24-bus case study

* Based on the IEEE Reliability test System

* Total system demand = 2000 MW

e Per-unit wind power productions are

modeled using Beta distributions with a
correlation coefficient p
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24-bus case study

Expected cost ($)

ConvD
StochD
ImpD

e Under “ImpD” and “StochD”, higher
penetrations of stochastic production
never lead to an increase in the
expected cost

25 30
Wind power penetration (%)

35

40

45
* “ImpD” and “StochD” are robust to

6000f
5000
4000+
30001
2000+
1000

p=0.75

ConvD
StochD
ImpD

= the spatial correlation of stochastic
{ energy sources
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Wind power penetration (\%)
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24-bus case study

G1 G6

Expected

e 47.9 49.4 102.2 67.4

stoch RS ~14.9 ~10.7 ~16.5 9.7
losses (S)

FelE 0.81 0.71 0.71 0.75
profit< 0

o | PREEEE 379.8 359.7 724.9 389.1
profit (S)

Im EpeoiEe 170.2 263.7 531.6 178.7

P profit (S) ' ' ' ’

25



Conclusions

e Day-ahead markets should not clear the expected stochastic
production by default.

* The amount of stochastic generation to be scheduled in advance
should not be driven only by its marginal cost, which is usually very
low or zero, but also by the cost of its uncertainty.

* The “improved dispatch” substantially increases market efficiency
and mimics the advantageous features of the stochastic ideal, while
guaranteeing cost recovery for any realization of the stochastic
production.
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Current work

Low wind High wind
Cheap balancing Expensive balancing

Bus 1 Bus 2

e Where should | locate wind farms?

 Can the market clearing impact my investment
decisions

CONVENTIONAL STOCHASTIC

INVESTMENT PROBLEM INVESTMENT PROBLEM

DAY-AHEAD
[DAY-AHEAD ]—)[ BALANCING } [ ]—)[ BALANCING }
PRrROG
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Current work

Low wind
Cheap balancing

Bus 1
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Wind investment capacity (MW)

40

(a) ConvMC

Bus 2

High wind

Expensive balancing
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Current work

Low wind High wind
Cheap balancing Expensive balancing

Bus 1 Bus 2

200 200
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20} 20k I Bus 1

[ IBus2
0 0 [T T
0 0.2 0 02 04 0.6
K
(a) ConvMC (b) StocMC
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Thanks for your attention!

Questions?

30
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