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— [S.E. Fleten, 2000]

Starting point (i)

 Market risk management & Hydrothermal coordination

Optimization program

_ [G. Unger, 2002] of supplier g
— [J. Cabero, et al., 2005] g
— [A. Conejo, et al., 2008] max E(H )
Subject to:
A Operation constraints
f (H) Financial constraints
VaR(1-a) '<<
.
CVaR(1-«a)
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Optimization program

Starting point (ii)

e Hydrothermal coordination & Oligopolistic markets
— [T.J. Scott, and E.G. Read,1996]
— [J. Bushnell, 1998]
— [M. Rivier, et al. 2001]
— [J. Bushnell, 2003]

Optimization program

Optimization program

of supplier 1 of supplier g of supplier G
max TT max T19 max TI1°
Subject to: Subject to: Subject to:
Operation constraints Operation constraints Operation constraints

s =S¢ — 4 g
g
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Challenge

e Model and solve: Market risk management &
Hydrothermal coordination & Oligopolistic markets

Optimization program Optimization program Optimization program
of supplier 1 of supplier g of supplier G
max E(IT* max E(ITY max E(1IC
Subject to: Subject to: Subject to:
Operation constraints Operation constraints Operation constraints
Financial constraints Financial constraints Financial constraints

s =S¢ — o g
g

=
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Market Assumptions

eUnit operation

technically feasible fseteat =E(Ssc,t|ssc,t+z)
=Electricity spot market /Electricity
eFutures market Forward
prices are
\variables

*CV behavior
<Electricity spot
rices are variables

Fuel spot and
forward prices

<.

are data for the < > e P >
model
t-2 t-1 t t+1 t+2
Irnaikiuakcy ol harwastiguetidnr TintrmalGplon
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Optimization Problem of One Supplier (i)

Maximizing
Obijective \I‘ Operation Profits +
Function Electricity Financial Profits —
Electricity Transaction Costs +
Fuel Financial Profits —
Fuel Transaction Costs
I Subject to:
Electricity . .
Markets |I~ » Spot and forward price equations
Operation “- » Water Reservoir Management
Constraints > Take-or-pay Contracts, etc.
Financial :
e e ||~ > Transaction Costs
Risk [mmp | > Minimum CVaR
Inutiiuin de lrvestigucios Tecrmidgica
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Optimization Problem of One Supplier (i)

Maximizing

Objective
Function

Operation Profits +
Electricity Financial Profits —
Electricity Transaction Costs +
Fuel Financial Profits —
Fuel Transaction Costs

/

Siihinoct tn-

Ss

ct “Usct —Csc (qsc,t)

"‘Z ( fsert— Ssc,t)'(tsséﬁ it

b,e

sc,l,t

I3

; Cgc,t,k

t

ZPSC Z I<t_
sC

k>t
[ =c c S,C bec ]| c
+Z (Fsc,l,t _SSC,t)'(tsc,l,t_tsc,l,t) _zcsc,t,k
l.c™- - k.c
I<t k>t
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Optimization Problem of One Supplier (i)

Maximizing
Obijective \I‘ Operation Profits +
Function Electricity Financial Profits —
Electricity Transaction Costs +
Fuel Financial Profits —
Fuel Transaction Costs
Subject to:

Electricit ' i
W »> Spot and forward price equations
| |

_q0 g _
Ssct = Sscit — @+ ), U5 fse 1t = IE"(Ssc,t‘ssc,l)

g
Financial

Constraints I '
Risk ||

Irvetiiuin de Irveutigucios Tecrmidgicn
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» Minimum CVaR
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Optimization Problem of One Supplier (i)

Maximizing

I _

j j j j
Wset =Wge t-1 — lset +0sct <0

{qsc,taVSC,t} S Q,{Wgc’t,VSC,t} EW J .

~ Subject to:
Electricity I

Markets

Objective
Function

Operation Profits +

» Spot and forward price equations \

Operation
Constraints

» Water Reservoir Management
» Take-or-pay Contracts, etc.

Financial _
Constraints ||~ » Transaction Costs
Risk ||mmp | > Minimum CVaR
etk sl Mresatigaelier Taensitglos
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Optimization Problem of One Supplier (i)

Maximizing
Obijective \I‘ Operation Profits +
Function Electricity Financial Profits —
Electricity Transaction Costs +

e e s,e b,e e
CSC,t,k ZC m.(tSC,t,k +tSC,t,k)+Cm

g C C (4S,C b,c c
Electricity Csc,t k 2C m'(tsc,t,k +tsc,t,k)+cm
Markets - T T )
Operation I » Water Reservoir Management

Constraints > Take-or-pay Contracts, etc.

Financial _
Constraints I » Transaction Costs
Risk ||mmp | > Minimum CVaR
Inutthuin ds lrvsutigucide Tecrwiogica
_m__m _

Optimization Problem of One Supplier (i)

Maximizing
Obijective \I‘ Operation Profits +
Function Electricity Financial Profits —

Electricity Transaction Costs +
Fuel Financial Profits —
Fuel Transaction Costs

Quhioect tn:

Elect Zg. 2VaRpy (1-a) -
Ma
1
OperVaR[ (1-a)———:> Py - Zsc 2CVaRp (1-a)
Constr 2 s
[
Colillgtarlgintsl ||- » Transaction Costs \
Risk || » Minimum CVaR
]
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Recap of slide 6 (

 Market risk management & Hydrothermal coordination
& Oligopolistic markets

Optimization program

Optimization program

Optimization program

of supplier 1 of supplier g of supplier G
max E(IT* max E(ITY max E(1IC
Subject to: Subject to: Subject to:

Operation constraints
Financial constraints

Operation constraints
Financial constraints

Operation constraints
Financial constraints

— 4 'Zth
g

<

<

<
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Complete Equilibrium Model

e Equilibrium Model as a Linear Complementarity Problem (LCP)

KKT Optimalit KKT O tlmalltY_ KKT Optimalit
Conditions of Supplier 1 Conditions of Supplier g Conditions of Supplier G
oL ot o _ocd o _oc®
oqy  ogy i  oaf a$  aaf

Operation constraints
Financial Constraints
Complementary slackness

Operation constraints
Financial Constraints
Complementary slackness

Operation constraints
Financial Constraints
Complementary slackness

s =S¢ — o g
9

<

<

<
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Decomposition Approach

e PATH is able to solve LCP with thousands of variables
and constraints

e However, it is not able to solve the large-scale
problem arising from:
—Stochastic inflows, prices, demand, etc.
—Hydrothermal coordination
—Oligopolistic competition
—Risk management
» Therefore, a decomposition technique is needed to
deal with this kind of models
—Equilibrium Master Problem

e formulated as an LCP
= solved with PATH
—Operation Subproblems (one per supplier)
e formulated as an LP
= solved with CPLEX

Irvetiiuin de Irveutigucios Tecrmidgicn

Master Problem and Operation
Subproblems
Maximizing

Objective “‘ Operation Revenues —
Function Operation Costs +

Financial Profits —
Transaction Costs +

Subject to:

Electricity ‘
Markets II- > Spot and forward price

» Reservoir Management

Operation
Constraints“- > Take-or-pay Contracts
» Variable bounds

Financial _
Constraints|‘ » Transaction Costs

Risk \|- » Minimum CVaR
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Maximizing

I—p

Objective
Function

Subject to:

Electricity
Markets “-
-y
Financial -
Constraints L
Risk ||
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Master Problem and Operation
Subproblems

Minimizing

Operation Revenues —

Financial Profits —
Transaction Costs +

» Spot and forward price

» Transaction Costs

> Minimum CVaR

Operation Costs

Subject to:

> Reservoir Management
»> Take-or-pay Contracts
> Variable bounds

rrmer b v ol 17
Master Problem and Operation
Subproblems
Maximizing Minimizing
Objective Operation Revenues —

I—p

Function

Subject to:

Electricity
-y

Markets
Benders
Cutsu‘
Financial -
Constraints L
Risk ||
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Op. Costs Approximation +
Financial Profits —
Transaction Costs +

>

» Spot and forward price

» Optimality cuts
» Feasibility cuts

» Transaction Costs

> Minimum CVaR

Operation Costs

Subject to:

» Reservoir Management
» Take-or-pay Contracts
> Variable bounds
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Master Equilibrium Model as an LCP

KKT Optimality KKT OptimalitY_ KKT Optimality
Conditions of Supplier 1  Conditions of Supplier g Conditions of Supplier G
ot ot o8 oL 9 o® oc®
e por il el 5.5
oqy ooy oq? o} oq; gy

Benders Cuts
Financial Constraints
Complementary slackness

Benders Cuts
Financial Constraints
Complementary slackness

Benders Cuts
Financial Constraints
Complementary slackness

0
St =St —ot

'Zth
g

Productions for
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Encania Tacuica Smpesior da Inganinsia (ICA)
Linimnislec] Psiiicks Comlies: 19
= Equilibrium Equilibrium Master Problem Algorithm
EIeCtriCity prices KKT Optimality KKT optimality KKT Optimali g
Conditions of Supplier 1  Conditions of Supplier g Conditions of Supplier G
= Risk Hedging Ty e o
) Beljders Cuts_ ) Ber_\ders Cuts_ . Beqders CutsA
Contracts Complementay sacknes || Complementrysackress || Complemenary dackoes
s =50~ Yaf
g
Suggested . .
99 Optimality Cuts

Feasibility Cuts

every supplier

Minimizing for supplier 1

Operation Co!

Minimizing for supplier g

Subject to:

» Reservoir Manag
» Take-or-pay Col
> Variable bounds
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Operation Cos

Subject to:

> Reservoir Manag
» Take-or-pay Con
> Variable bounds

Minimizing for supplier G

Operation Costs

Subject to:

» Variable bounds

> Reservoir Management
> Take-or-pay Contracts

= Optimal Production
of each thermal unit
= Optimal Production
of each hydro unit

o
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Case Study

e Equivalent in size to the Spanish Market
—12 months with 6 load levels
—3 generation companies
—80 thermal units
—4 equivalent hydro plants
e Uncertainty
—1000 scenarios of
« Hydro inflows

= Demand
» Fuel costs (gas, coal and fuel oil)

e Multivariate 16-scenario tree
e 80,000 variables and constraints

YWY

th: K
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Case Studv: Scenario Treeﬁ
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Case Study: Results
\ Prbfits Suppiier A. i | . | | | |
P

TWE
oo
i ]

a Aen ME

|

Production Supplier C

Beneficio de La emp
Produccin ameal de la empresa C en TWh
=

Feasible

A g

Solving Time

a empresa

1
roblema masstro

Master Problem “
|

Feasibility of
subproblem A

ndel §

£ Factibilidad del subproblema de
Tuemnpo de epec

| _Infeasible ||| | o
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Algorithm Improvements

e Mixed approach

— Problems: slow convergence and solving time increases with
the iterations

— Strategy:

1. Obtaining a good enough solution for the problem by Benders
decomposition

2. Using this solution as a starting point for the direct resolution
of the problem by PATH

e Limit on the Master Problem solving time

— If the Master Problem solving time is too long, the algorithm
jumps to the next iteration before finding a solution

— More efficient, although requires more iterations

— Final solution is not affected by this “trick” since it is obtained
by direct resolution using PATH (mixed approach)

Inpiasky oo irepligpmes Gt TieprmplSagrlon
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Further Research

e Split the problem into to two sequential and
independent subproblems

» Fuel prices
Scenario Tree » Demand
Construction [ | =Hydro Inflows...
Stochastic Market » Scenario tree of * Risk
Equilibrium Problem spot market profits: Risk Hedging
& revenues - costs Management Contracts
Hydrothermal Model
Coordination = Optimal Production (LP)
(LCP) of each unit
Inutiiuio de irvsutigecios Tecrmidgica
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Thank you for your attention!
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