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Motivation

o Harc! to accurately and GEFCOM2012
precisely predict hourly load - Winning entry had ~3% RMSE
INn advance for backcasting
_ _ » Weather uncertainty?
= Increasing share of variable
generatlon BPA wind power 2012-07-01

= Deterministic unit . . Day-ahead forecast
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Problem Statement

= Why do we need scenario reduction?
= Extensive form overwhelms memory capacity
= Each iteration of decomposition method takes longer with more scenarios
(even when parallelized)
= Few, carefully constructed scenarios for individual parameters combine
iInto many multidimensional scenarios

= How to select a subset of scenarios that approximates

well?
= Distances among scenarios: classical probability metrics
= |nfluences of scenarios on decisions
= How to evaluate selected scenarios?

=  Apply the UC schedule found with reduced set to the whole set of
scenarios
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Two-Stage Stochastic Program

Stochastic reliability unit commitment (SRUC)

Commitment cost

f (Smx +E[Q(x5)]

Ax=D
X binary

Q(x,s)=min{q" y, |Wy, =h, —Tx}
yS

Expected generation
cost and penalties

-

Min up/down time constraints

States of units

Operational constraints, various+hs
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Nondispatchable Wind

Startup & no-load cost given unit
commitment status v,

min > > c;, (vgt)+27zsfs

Generation cost

Penalties on load imbalance

53 = chgpt ( pgts ) + Z(FJrat: T 1—1_0[t;)

t

Constraints for each net load scenario Relatively complete recourse

_I_ —
S.1. Z pgts T O — O = dts
g

min — max
Vgt I:)g < pgts < pgts < Vgt Pg

Energy generation + shortage — excess = net load

Power output less than maximum available
power output and installed capacity

Operational constraints on ramping, contingency reserve regmts, etc.
: _ L
Vg binary, py, Py ¥ & 20 5
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Dispatchable Wind

Startup & no-load cost given unit
commitment status v,

min > > ¢, (vgt)+zﬂ355

Generation cost Penalties on load imbalance
_ P + 7t -
é:s T chgt ( pgts)+z<r ats +1 ats)
t g t
Constraints for each net load scenario Relatively complete recourse

S.t Z pgts + at: — at; = dtS Energy generation incl. wind + shortage — excess = loac
g

. min — max .. — max
Thermal:v P ™ < p <Py <V, P wind: 0< P, < Py <P

ogt' g — 1 wts

Operational constraints on ramping, contingency reserve regmts, etc.
i _ . -

Vgt blnary’ pgts’ pgts’a ats = 0

ts?
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Scenario Generation

- Load scenarios from epi-spline approximations of expected values
and error distributions (this conference, last year)

- Wind energy scenarios from 3TIER, Inc., using analogue approach

- Nondispatchable wind: Net load = load — available wind energy

If net load < minimum power from committed thermal generators then
wind power is curtailed

- Dispatchable wind: Scenario includes (load, available wind energy)

. lIdeally, would estimate joint distribution of load and wind energy
from common underlying weather forecast, but

- 3TIER weather analogues not strongly related to ISO-NE weather

forecasts
Load scenarios Wind power analogues Net load or pairs of
i=1,...,n; X j=1,...,m; ::> S_C€nar|os |
Probabilities p, Weights K=1,.,nm; |,
Probabilities p;q;
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Scenario Reduction Approach

Goals:
« Select modest number of scenarios that well

approximates the whole set

- Follow decision maker’s concerns: cost & reliability

Method: Forward selection in recourse clusters (FSRC)

Based on probability metric Impacts on solution, cost and reliability
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FSRC and Its Customization

Select N scenarios

1) Evaluate 2) Summarize 3) Cluster 4) Select

N 27 T a i . o o| 4
¢ luti | ﬂ%//:f e 12 3 :
Evaluate scenarios reate solution 5 . % e B 4 5°
i cet O »| sensitivity indices (SSI) |- 77
for ScenainS . s . D « o . . e . « s e
— -
N N * N1 N
Solve each scenario Associate scenarios Put scenarios with 1 “representative”
recourse problem to their SSls similar SSI into the scenario from each
same cluster cluster .
10
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FSRC and Its Customization

FSRC:
1) Fvaluate 2) Summarize 3) Cluster 4) Select
\E | P2t e 4
Evaluate scenarios Create _5°|f’t'°” 6, 5°
in sat O — sensitivity indices (SSI)
forscenarios | | v v | | ot
e N-1 N

Expected value problem

. T T Recourse problem for scenario s
minc X+q Yy
TX +W — *
Y s.t. Wy, =h, —TX
X binary =
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FSRC and Its Customization

1) Evaluate 2 Summarize 3) Cluster 4) Select
N 2 %/1/ 4 ° ® ® 4.
. ”,V.?%//:T 1 2 3
Evaluate scenarios Create solution / % SRR 6. By
i set O — | sensitivity indices (SSI) |—{ -
for scenarios ot
N-1 o N-1 N °
- T .
ming y Total cumulation SSI
st W N T (TC) Total generation cost
LWy =1 > Total shortage
Record y, for each Total excess
scenario s 12

IOWA STATE UNIVERSITY

Industrial & Manufacturing Systems Engineering




FSRC and Its Customization

1) Evaluate 2) Summarize

3) Cluster

Evaluate scenarios
in set Q

v

Create solution

sensitivity indices (SSI)

for scenarios

K

o

4 |

GLLE R
HEHSHN IR J

N=1

NI

e N-1

TC: cluster scenarios
by k-means directly.

TC+PC.: pre-categorize
scenarios, then cluster

Categorize scenarios

Shortage

Excess

Shortage

Balanced

Excess

of occurrence

Allocate N among categories according to frequency
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FSRC and Its Customization

1) Evaluation

2) Summarize

Evaluate scenarios

v

Create solution
sensitivity indices (SSI)

3) Cluster

v

'4) Select

3

6, 5

L T T

Fast forward selection (FFS): minimize probability
transportation between distributions

in set Q .
for scenarios
N=-1
Summarize
Evaluate —» (TC) — Cluster

— Select

]

|

Optional :
Less_ _ ___

complexity in
clustering step
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Pre-categorize
(PC)
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Evaluation of Selected Scenarios

How well does the selected subset of scenarios approximate the whole set?

States of units: Optimization

[T N T

'-/\III_IIIIII---

Generation cost

° : .
- i ) Excess
Subsetofscenarios [ [ [ [ N T...

/!

Off
~Na

HEEEEEEEEE )
) Generation cost

- TTEEM T TH o shortage
|

Shortage

Excess

All scenarios
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Nondispatchable Wind
Results: Single Summer Days

e Single-day SRUC from 2011-07-10 to 2011-07-16

* 50 generators downsampled from ISO-NE

e 80 net load scenarios (8 load scenarios X 10 wind energy scenarios)
e Comparison to optimal solution from all scenarios

Difference from optimal commitment cost Difference from optimal dispatch cost
200 1600
0 - 1400
-200 - 20 30 40 1200 -
N = number of scenarios selected
-400 -~ 1000 - —
M FFS W FFS
-600 800 - —
W FSRC.TC M FSRC.TC
-800 FSRC.TC+PC 600 [ FSRC.TC+PC
-1000 400 - I
-1200 200 - [
-1400 0 -
10 20 30 40
N = number of scenarios selected
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Nondispatchable Wind
Results: Single Summer Days

e Single-day SRUC from 2011-07-10 to 2011-07-16

* 50 generators

e 80 net load scenarios (8 load scenarios X 10 wind energy scenarios)
e Comparison to optimal solution from whole set of scenarios

Difference from optimal shortage Difference from optimal excess
140 140
120 -~ 120
100 - 100
80 - 80
W FFS W FFS
60 - 60
W FSRC.TC W FSRC.TC
40 - 40
FSRC.TC+PC FSRC.TC+PC
20 - 20
0 T T T T T T T 1 T 1 0 '_—_V_- T m T ! T T 1
20 10 20 30 40 20 10 20 30 40
N = number of scenarios selected N = number of scenarios selected
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Nondispatchable Wind
Results: Single Days Iin Different Seasons

* 50 generators
* 80 net load scenarios
e Comparison to solution from FFS

Commitment & dispatch costs
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—- ]
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rel. diff. = x100%
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Nondispatchable Wind

Results: Rolling Through a Summer Week
* Rolling horizon stochastic unit commitment from 2011-07-10 to 2011-07-16

e 20 generators
e 80 net load scenarios (8 load scenarios X 10 wind energy scenarios)
e 10% - 50% of scenarios selected, comparison to optimal solution

rel. diff. = (Valuesubset_ Valuewhole) %x100%
value, ;.
Hourly capacity committed Hourly capacity committed
N = 8 (10% of scenarios) N =40 (50% of scenarios)

& 20 w . : —_— 12 T " T T
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_ﬁ 157 ||:: a | = w/ categorization || 8 8t f —e—w/ categorziation
£ 1ot =

£ £

E O (e oo | TR (o | | o ey 2>

by ‘0

z (1]

% 10} e

£ 15 i
o (|
& 20

Hour Hour J

JOWA STATE UNIVERSITY Industrial & Manufacturing Systems Engineering




Nondispatchable Wind

Results: Rolling Through a Summer Week

* Rolling horizon stochastic unit commitment from 2011-07-10 to 2011-07-16
e 20 generators

e 80 net load scenarios (8 load scenarios X 10 wind energy scenarios)

e 10% - 50% of scenarios selected, comparison to optimal solution

(Valuesubset B ValueWhole)

value

rel.diff. = x100%

whole

Relative difference in shortage Relative difference in excess
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Dispatchable Wind
Results: Single Days Iin Different Seasons

* 50 generators
e 80 load and wind scenarios: 10, 20 or 30 selected, including extremes

. . . . , value, ., — value
e Comparison to optimal solution from all scenarios rel.iff. = {VAUCsue wote) . 100%
value ...
. Commitment Cost _ Shortage
5 15 T £ 25 — —
g ol | 2 —+—FSRC:10
o £20 —E—FSRC:20 ]
£ sl . 2 | —e—FSRC:30
| W g
s Ll — 10f .
£ —+—FSRC:10 E
£ 4ol —&—FSRC:20 || = el ]
% 15 1 1 1 1 1 1 1 1 1 _?_FSBCSO %
3 01-21 02-12 03-07 04-13 04-24 05-03 06-22 07-19 08-13 09-27 10-30 11-08 2 O 0121 0212 03-07 0415 0424 0503 06-22 07.19 08-13 09-27 10-30 11-08

. Dispatch Cost ~ Excess
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o
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Dispatchable Wind
Results: Single Days Iin Different Seasons

* 50 generators

e 80 load and wind scenarios: 20 selected incl. extremes

(value,, .. — value,,,.)

: : : bset
* FSRC, FFS compared to optimal from all scenarios  rel.diff.= subse x100%
ValueWhole

- Commitment Cost Shortage
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Conclusions

- FSRC maintains solution quality if at least 20% of
scenarios selected

- Precategorization can lower the scenario reduction
computation time, little difference in results

« As the number of scenarios increases, solution from
subset of scenarios converges to the optimal
solution

« FSRC follows decision maker’'s concerns for cost
and reliability

« More conservative solutions than from FFS
23
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