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ABSTRACT

A stochastic programming model that integrated the mostmeegulation rules of the Spanish peninsul
system for bilateral contracts in the day-ahead optimalpbaiblem is developed. Our model allows a pricq

taker generation company to decide the unit commitment eftilermal and combined cycle programmi
units, the economic dispatch of the BC between all the pragrang units and the optimal sale bid by observi
the Spanish peninsular regulation. The model was solvedjusil data of a typical generation company a
a set of scenarios for the Spanish market price. The regelteported and analyzed.

l. INTRODUCTION

Generation companies in liberalized electricity markeisndt have a load of their own to satisfy, but mu
bid their hourly generation to the market operator, who@slthe lowest-price among the biding compani
to match the pool load. A specific generation company (Gem@pgcts to have most of its bids accepte
l.e., have them priced below the market price, determineahhdy matching the lowest-price bids with the
pool load. Liberalized electricity markets are nowadayy sophisticated energy- and financial-transactic
multimarkets where, around the main electricity market st-called “day-ahead” or “spot” market, a portfoli
of other financial and physical markets as well as bilateostracts (BCs) exist. Moreover, a generatic
company operating in such a complex market can no longemog#iits medium- and short-term generatia
planning decisions without considering the relation bemvehose markets and the increasing importance
the emission-free and low-emission technologies. The BE€sgreements between a generation comp4
and a qualified consumer to provide a given amount of elettanergy at a stipulated price along with

delivering period. The characteristics of the BC (energggiand delivering period) are negotiated before t
day-ahead market, either in organized or non-organizedetsr Our study developed an stochastic mixe
Integer quadratic programming model for a price-taker Gen@@h BC obligations to determine the optima
bidding strategy of a pool of thermal and CC programmingauimthe day-ahead electricity market.
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Fig. 1 - Representation of the system under study

Fig. 1 represents a price-taker GenCo possessingZagkthermal units (coal, nuclear, fuel) and a 8etf CC
units represented by the associatedzef equivalent pseudo-units (combustion turbines and steanmes).
Both thermal and CC units bid to thee 7 = {1,2,...,24} hourly auctions of the day-ahead market. TF
stochasticity of the spot prick”, ¢ € T is represented by a set 6fscenarios. The sédC represents the
portfolio of BC duties, with known energ;L@C MWh) and price Q\ZC€/MWh) for each BC contract € BC
and time period € Z, that must be dispatched between the thermal and CC units.mimn information
provided by the modelHere and nowdecisions or first-stage variables) for each period, 7, are the unit
commitment of the thermal and CC units;/), the energy allocated to the portfolio of bilateral contsaby
each thermal and CC units;(), and the optimal sale bid, expressed as a function of thaque first-stage
variables, which results in the second stage varialﬁz‘@ess the matched energlor scenarios.

A. Thermal and Combined Cycle units operation

The operational rules of a typical CC unit were formulatethwine help of the so-calledseudo unit¢PUs).

As the thermal units, the PUs of each CC unit have their owguencost characteristics, real power generatirn

limits, minimum on time limits, etc., and can be viewed asecsq set of non-independent or coupling sing
thermal units. Let us defiré., the set of PUs of the CC unite C, andP = U_.c-P., the complete set of PUs.
Thus,d = 7 U P represents the complete set of units (thermal and pseutie)oil/off state of each therma
and pseudo units at periaccan be represented by the first-stage binary variables € /. However, the

operation of each thermal unit must guarantee the minimui@:tfpand down (?ff) times. The sek’; stands
for the initial state of each unit. These conditions areodticed through the following set of constraints:
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Analogously, each P@c P has its own minimum up time;":
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B. Bilateral Contracts Constraint
The energnyf can be provided by any programming uiiit both thermal and PUs:
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C. Optimal bid function and eguivalent matched energy constraints

By assuming the quadratic thermal generation costgy) = c§+c§p+c§ (p)?, the BC-free day-ahead matchet
energy and can be represented ;bﬁ/s
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with p;.kt’s = (Af’s - cff)/ch. pZ’S IS a constant parameter of the model for a fixed thertnakriod:, and
scenarios, and can be used to develop the expression of the optimahemm]ergy)%’s(bﬁ):
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Fig. (2 represents the function non-differentiabj@s(bit, u;¢). To formulate an equivalent mixed-integer lin
ear formulation, we introduced the auxiliary binary and continuous;, variables. With the help of these
auxiliary variables, expression (5) can be transformealtiéé an equivalent mixed-integer linear system:
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The total generation output of thermal uniat each time
period: and scenaria is given by:
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Fig. 2 - The matched energy functipf**
D. Objective function
The expected value of the benefit functiBrcan be expressed as:
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IIl. TESTS AND RESULTS

The day under study is Monday, May 05 2008, in the electrimiiyket of mainland Spain. 3 bilateral contracts,
4 thermal units, 2 combined cycle units with a CT and a HRS@&/&A 24 hours of study were used.

Table | - Operational Characteristics of the Thermal and Biaed Cycle Units

t cg? c]l5 cg p, D¢ c Pe c% c% cg p,

€ €/MWh €/MWh? MW MW € €/MWh €/MWh? MW
1 151.08 40.37 0.015 160.0 350.0 1 5 151.08 50.37 0.023 160.0
2 554,21 36.50 0.023 250.0 563.2 1 6 224.21 32.50 0.035 250.0
3 327.02 28.85 0.036 160.0 370.7 2 7 163.11 55.58 0.019 90.0
4 197.93 36.91 0.020 160.0 364.1 2 8 245.32 31.10 0.022 220.0
t sty " cgff to" t?f / c Pe Dy sty cy" ty"

hr £ £ hr hr MW  hr € hr
| +3 412.80 412.80 3 3 1 5 350.0 -2 803.75 2
2 +3 803.75 803.75 3 3 1 6 563.2 -2 412.80 2
3 -2 438.40 438.40 3 3 2 7 350.0 -2 320.50 2
4 -1 419.20 419.20 3 3 2 3 700.0 -2 510.83 2

The optimal unit commitment of thermal and CC units is showRig.[3. The three states or configurations of
the CC units are represented as white (state 0), gray (st&t€11)) and black (state ZP.(2)) hourly blocks.
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Fig 3 - The unit commitment of thermal and CC units.

The optimal bid functions\)}* for the thermal and CC units are represented in Eig. 4, whergrepresents
the value ob;; at the different periodg§ andb, corresponds to the rest of periods not explicitly indicated
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Fig 4 - Representation of the optimal bid function of the tharand CC units.

V. CONCLUSION

A two-stage stochastic mixed-quadratic programming obhas been proposed to decide the optimal ujt

commitment and sale bid to the day-ahead market, and thealxticonomic dispatch of the bilateral contrac
for all the thermal and combined cycle units. The model wademented and solved with commercial opt
mization packages and tested with real data of a Spanishiage@recompany and market prices. The results
the computational experiments show the validity of the @nésd model and its applicability to real problem
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