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Characteristics of Physical Futures and Bilateral Contracts

Base Load Futures Contract

Base Load Futures Contract j consists in a pair (LFC
j , λFC

j )

LFC

j : amount of energy (MWh) to be procured each interval of

the delivery period by the set Uj of generation units.

λFC

j : price of the contract (ce/MWh).

Bilateral Contracts

Bilateral Contract k consists in a pair (LBC
kt , λBC

k ) t ∈ T

LBC

kt : amount of energy (MWh) to be procured at interval t of

the delivery period by the whole set of generation units.

λBC

k : price of the contract (ce/MWh).
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Integration of the futures and bilateral contracts in the

day-ahead bid

The energies LFC
j and LBC

kt should be integrated in the MIBEL’s

day-ahead bid respecting the two following rules:

1 If generator i contributes with fitj MWh at period t to the

coverage of the FC j , then the energy fitj must be offered to

the pool for free (instrumental price bid).

2 If generator i contributes with bit MWh at period t to the

coverage of the BCs, then the energy bit must be excluded

from the bid to the day-ahead market. Unit i can offer its

remaining production capacity P i − bit to the pool.
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Problem definition

The objective of the study is to decide:

the optimal economic dispatch of the physical futures

and bilateral contract among the thermal units

the optimal bidding at Day-Ahead Market abiding by the

MIBEL rules

the optimal unit commitment of the thermal units

maximizing the expected Day-Ahead Market profits taking

into account futures and bilateral contracts.
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Model characteristics

Stochastic mixed integer quadratic programming model

Price-taker generation company

Set of thermal generation units, I, with quadratic generation

costs.

Optimization horizon of 24h, T

Set of physical futures contracts, F, of energy LFC
j j ∈ F .

A pool of bilateral contracts of energy LBC
t =

∑
k LBC

kt , t ∈ T .

Set of day-ahead spot price scenarios, λs ∈ <|T | , s ∈ S
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Variables

First stage variables: t ∈ T , i ∈ I

Instrumental price offer bid : qit

Scheduled energy for futures contract j : fitj j ∈ F

Scheduled energy for bilaterals contract: bit

Second stage variables t ∈ T , i ∈ I , s ∈ S

Matched energy: pM,s
it

Total generation: ps
it
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Physical Future and Bilateral Contracts model

Physical future contract coverage:∑
i∈Uj

fitj = LFC
j , j ∈ F , t ∈ T

fitj ≥ 0 , j ∈ F , i ∈ I , t ∈ T

Bilateral contract coverage:∑
i∈I

bit = LBC
t , t ∈ T

0 ≤ bit ≤ P i , i ∈ I , t ∈ T
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Day-ahead market model: constraints

Matched energy:

pM,s
it ≤ P i − bit , i ∈ I , t ∈ T , s ∈ S

pM,s
it ≥ qit , i ∈ I , t ∈ T , s ∈ S

Instrumental price bid:

qit ≥ P i − bit , i ∈ I , t ∈ T

qit ≥ 0 , i ∈ I , t ∈ T

qit ≥
∑

j |i∈Uj
fitj , t ∈ T , i ∈ I

Total energy generation:

ps
it = bit + pM,s

it , t ∈ T , i ∈ I , s ∈ S
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Summary of the model

Problem OBIFUC

(Optimal bid with BIlateral and FUtures Contracts)

Max E[Profit from the Day-ahead market]

s.t:

Physical future contract coverage

Bilateral contract coverage

Matched energy

Instrumental price bid

Total energy generation

Problem (OBIFUC) is concave.
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Optimal Matched Energy

Lemma

Let x∗′ = [p∗, pM,∗, q∗, f ∗, b∗]′ be an optimal solution of problem

(OBIFUC). Then for any thermal unit i the optimal value of the

matched energy pM,s∗
it can be expressed as:

pM,s∗
it = max{q∗it , ρs

it(b
∗
it)} (1)

where ρs
it(x) is a known function

(Proof: KKT conditions of problem (OBIFUC))
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Function ρs
it(x)

Function ρs
it(x)

ρs
it(x) =


[P i − x ]+ θs

it − x < [P i − x ]+

θs
it − x [P i − x ]+ ≤ θs

it − x ≤ P i − x

P i − x θs
it > P i

(2)

with θs
it = (λs

t − c l
i )/2cq

i
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Bid function’s optimality conditions

Definition (Bid function’s optimality conditions)

Let x∗′ = [p∗, pM,∗, q∗, f ∗, b∗]′ be the optimal solution of the

(OBIFUC) problem. The bid function λb∗
it of a thermal unit i

committed on period t is said to be optimal if the value of the

matched energy function associated to any scenario’s clearing price

λs
t , pM

it (λ
s
t ), coincides with the optimal matched energy pM,s∗

it , that

is:

pM
it (λ

s
t ) = pM,s∗

it = max{q∗it , ρs
it(b

∗
it)}
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OBIFUC’s optimal bid function

Lemma (Optimal bid function)

Let x∗′ = [pM,∗, p∗, q∗, f ∗, b∗]′ be an optimal solution of the

(OBIFUC) problem and i any thermal unit committed on period t

at the optimal solution. Then the bid function:

λ∗
it(pit ; b

∗
it , q

∗
it) =

0 if pit ≤ q∗it

2cq
i (pit + b∗it) + c l

i if q∗it < pit ≤ (P i − b∗it)

(3)

is optimal w.r.t. the (OBIFUC) problem and the optimum x∗.

This result is also valid when the unit commitment is included in

the (OBIFUC) model.
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OBIFUC’s optimal bid function

Matched energy at scenario s:

pM
it (λ

s
t ) = pM,s∗

it = max{q∗it , ρs
it(b

∗
it)} (4)

q∗it ≤ ρs
it(b

∗
it) =⇒

=⇒ pM,s∗
it = ρs

it(b
∗
it)

lt

ρs

λ t
s

pM,s*

b* p − b*[ p − b ]*

λ* ( p−b  ; b )**

*λ ( p−b  ; b )**

*λ

p
+ q*

=

(p ; b )λ **
2c  ( p  +  b ) + cq

��
��
��
��
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*
t

λ t
s
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Case Study characteristics

Real data from the Spanish Market about the generation

company and the market prices (from January 1rst to

December 31rst , 2008).

9 thermal generation units (6 coal, 3 fuel) from a Spanish

generation company with daily bidding in the MIBEL

[P − P] (MW) 160-243 250-550 80-260 160-340 30-70

minon/off (h) 3 3 3 4 4

[P − P] (MW) 60-140 160-340 110-157 110-157

minon/off (h) 3 3 4 4

61 scenarios simulated from a multivariate times series +

factor model.

Model implemented and solved with AMPL/CPLEX 11.0.
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Uncertainty characterization

Uncertainty source: DAM Price, λs , characterized as a time

series. The prices for the day in study must be forecasted.

Price scenario forecasting method:

Time

P
ric

es

0 20 40 60 80 100 120

2
4

6
8

Forecast Price
Observed Price
Forecast IC

1 24 time series are considered

2 Estimation of the factor model

3 The forecasting model is specified

as a linear multiple regression

model with the factors as predictors

4 Simulation of the price scenarios
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Results: bilateral and futures contracts settlement
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Results: economic dispatch of futures contracts
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Results: optimal bidding curve
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Conclusions

It has been built an Optimal Bidding Model for a price-taker

generation company operating both Futures and Bilateral

Contracts.

The stochasticity of the spot market price has been taken into

account and it has been represented by a scenario set.

The model developed gives the producer:

The optimal bid for the spot market.

Unit commitment

Optimal allocation of the physical futures and bilateral

contracts among the thermal units

following in detail the MIBEL rules.
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