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Outline of Presentation

* Introduction

e Benefit Values of the Benders cuts
 Work in Progress using Benefit Values
* Multiplicative x Additive PAR(p)

* Conclusions
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Introduction

Long-term operation planning (LTOP)
problem

Stochastic Dual Dynamic Program (SDDP)
Multi-objective problems (Cost x Risk)
Convergence Criteria
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Risk Aversion Mechanism

* Extreme events have a greater weight in the
objective function of the optimization
problem.

e Conditional Value at Risk (CVaR)
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Risk Aversion Mechanism

e CVaR: Conditional Value at Risk
CVaR, [Z] = E[Z|Z > VaR,(Z)]

* Expected value of operative cost considering
only scenarios with a risk level a.
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SDDP and CVaR

* Objective Function: Convex combination
between expected value of operation costs
and CVaR.

p[Z] = (1 — NE[Z] + \CVaR,[Z]
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SDDP and CVaR

e Objective Function: Convex combination
between expected value of operation costs
and CVaR.

p[Z] = (1 — NE[Z] + \CVaR,[Z]

— A: Weight for the portion of risk in the objective
function

— o Risk Level
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SDDP and CVaR

e Objective Function: Convex combination
between expected value of operation costs
and CVaR.

— o.: Risk Level

Hydro Power Scheduling Workshop 2018 13/09/2018
FiDERLil e Juiz pe Fora



SDDP and CVaR

* Direct Evaluating of the CVaR: 100(1-a)% of
the most extreme cost values

a=0.6

>

]» N (1 — a) Worst scenarios

VaR
CVaR,(Y) = E[Y|Y > VaR,(Y)]

Y4+ Y5

Ascending Order

CVaR =
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SDDP and CVaR

* Taking together SDDP and CVaR: Main Challenge!

— Convergence criterion: It is hard to estimate the
upper bound.
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Some Alternatives to Tackle the Problem

— Exhaustive search on tree
— Sample Average Approximation
— Convergence of the neutral risk case

— Upper bound estimation via inner approximation
(convex hull)

— Stability of the lower bound estimation
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Convergence Criterion Proposed

— To evaluate the benefit indexes for each forward
scenario during the SDDP iterative process

— When all forward scenarios have benefit values
below a specified tolerance: The process will be
converged.

Hydro Power Scheduling Workshop 2018 13/09/2018
F(Diklil e Juiz pe Fora



Convergence Criterion Proposed

* Understanding the benefit value:

\ Cost-to-Go Function
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Convergence Criterion Proposed

e Benefit Value:
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Convergence Criterion Proposed

Benefit Value:

Given a scenario and stage:
When new cut is added: one benefit value is computed.

Given a scenario:
Compute the maximum benefit value in the 60 month-long

backward process.
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Didactic lllustration

Backward Phase Scenario 1

Benefit
Value of

Scenario

1
Forward Scenario 1
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Didactic lllustration

Benefit Value of
Month 1 Month2 BB BB Monthn BB BB Month 60 Scenario 1
B
B
Benefit Value of
Month 1 Month2 BB BB Monthn BB EBHE Month 60 Scenario 2

a

Benefit Value of
Scenario 200
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Didactic lllustration

B
H
Benefit Value of
Month 1 Month2 BB BB Monthn BB BB Month 60 Scenario 1
D B
Benefit Value of
Month 1 Month2 BB BB Monthn BB EBHE Month 60 Scenario 2

a

Benefit Value of
Scenario 200
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE

lteracao: 2

40 60 80 100 120 140 160
Cenario

80

Hydro Power Scheduling Workshop 2018 Um

\
AR il

200

13/09/2018



Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

L
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Looking for The Benefit Values

Convergencia proposta na PDDE
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Work in Progress: Smart Resampling

After 2,3 or 4
SDDP
interactions ...

Some specifics
forward scenarios
remains blue ?7??

Continue
Running SDDP

Resample New
Forward
Scenarios
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Work in Progress: Optimal Benefit Value

 Currently, the benefit is e Work in Progress: To
evaluated on the state solve another Linear
(storage and past Optmization Problem.
inflows) What’s the maximum
benefit of the new cut?
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Work in Progress: Optimal Benefit Value
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A. L. Castro et al., "A new criteria for convergence of multistage deterministic dynamic programming applied to multiobjective
functions: A Brazilian hydro-thermal dispatch case," 2017 IEEE Manchester PowerTech, Manchester, 2017, pp. 1-6.
doi: 10.1109/PTC.2017.7981119
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Additive x Multiplicative PAR(p)

The stochastic behavior of historical inflows must appear in
synthetic scenarios:
* Mean, standart deviation, seasonality, negative/positive
sequences, skewness

Computational
Intelligence

Bat Search
Algorithm
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Additive PAR(p)

PRNPANEMA's Synthetic Series of Natural
Inflows - Aditive Noise
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Multiplicative PAR(p)

PRNPANEMA's Synthetic Series of Natural
Inflows - Multiplicative Noise
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Main Conclusions

Improvements in SDDP
algorithm to tackle
convergence problems

Generating Synthetic
Scenarios

Benefit Values to establish the
convergence
Resample

LP to evaluate Benefit Values

Monthly Multiplicative Auto-
Regressive Model
Intelligence Computational
Techniques
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