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ABSTRACT

There are two major objectives in establishing an electricity market: ensuring a secure operation and
facilitating an economical operation. Security is the most important aspect of the power system operation be it a
regulated operation or a restructured power market. In a restructured power system, security could be ensured
by utilizing the diverse services available to the market. The economical operation facilitated by the electricity
market is believed to help reduce the cost of electricity utilization, which is a primary motive for restructuring
and a way to enhance the security of a power system through its economics. To accomplish these objectives,
proper market tools must be devised and efficient market strategies must be employed by participants based on
power system requirements.

1. INTRODUCTION

In the regulated power industry, unit commitmenCjUefers to optimizing generation resources tsat
load demand at least cost. Since the related dxgesbuld be to minimize operational cost, unit ecoitment is
commonly referred to as cost-based unit commitmémbaintaining security is emphasized in the UQgon,
the new UC is referred to as security-constraingtl agommitment (SCUC). Three elements are incluideithe
SCUC paradigm: supplying load, maximizing securéypd minimizing cost. Satisfying the load is a hard
constraint and an obligation for SCUC. Maximiziregsrity is often satisfied by maintaining sufficiespinning
reserve at less congested regions that could ebsilpaccessed by loads. Cost minimization is redlizg
committing less expensive units while satisfying torresponding constraints and dispatching thenutted
units economically.

In comparison, the UC used by individual generatiogpanies (GENCOs) refers to optimizing generation
resources in order to maximize the GENCO'’s prdfitis UC has a different objective than that of SCaid is
referred to as price-based unit commitment (PBWX@rhphasize the importance of the price signaPBUC,
satisfying load is no longer an obligation and dihgective would be to maximize profit, and secusitguld be
unbundled from energy and priced as an ancillaryice

In comparing SCUC with PBUC, it is wrong to assutmet maximizing the profit is essentially the saase
minimizing the cost. Profit is defined as the reyeminus cost. That is, profit not only dependscost but on
revenue as well. If the incremental revenue isdatgan the incremental cost, we may generate eweegy for
attaining more profit. On the contrary, if the ieorental revenue is smaller than the incrementdl tasay be
less attractive to sell energy. In an extreme déske objective in the new paradigm is to minimithe cost, a
GENCO might not opt to generate because it woule me incentive to serve a load at zero cost.

2. PBUC FORMULATION
The objective of PBUC is to maximize the profite(j. revenue minus cost) subject to all prevailing
constraints. For unitat timet, the profit is given as
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F(i,b) Profit of uniti at timet,

P(i,t) Generation of unitat timet,

Po(i ) Bilateral contract of unitat timet,

R(i,t) Spinning reserve of unitat timet,

N(i,t) Non-spinning reserve of uniat timet,

Sib) Start-up cost of unitat timet,

fi (Po(i,t))  Profit from bilateral contract of unitat timet,

B(i,t) Power purchase of unitt timet,

1(i,t) Commitment state of uniitat timet,

G() Cost function of unit, C,(x)= a(i)+b(i)x+c(i)x,

Pgn(t) Forecasted market price for energy at tinfar the system,

Prmlt) Forecasted market price for non-spinning reservienat for the system,
Prnlt) Forecasted market price for spinning reserve a tifor the system.

The first part of the formula (1) represents thefiprvhen the unit is ON. Profit is defined as tewvenue
from the sales of energy and ancillary servicesusipproduction costs. The profit from bilateral cants would
also be included, though it is assumed to be constde second part of the formula (1) represemsprofit
when the unit is OFF. Here, profit represents reeefrom the non-spinning reserve sales minus prazuc
costs and the cost of any energy purchases. Shyitaofit from bilateral contracts would also beiuded.

In the scheduling horizon, the profit for all schistl units is given as
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The PBUC problem is formulated as maximi§ Z F(i,t) subject to system and unit constraints.
] t

Lagrangian relaxation is used to solve PBUC. Thaichaea is to relax coupling constraints (i.e umgong
units, time periods, or both) into the objectivadtion by using Lagrangian multipliers. The relaygdblem is
then decomposed into subproblems for each unit. dymamic programming process is used to search the
optimal commitment for each unit. Lagrangian muikiis are then updated based on violations of éogpl
constraints.

3. ECONOMIC DISPATCH
Once the unit commitment status is determined,cam@mic dispatch problem is formulated and soled t
ensure feasibility of the original unit commitmesaiution. The economic dispatch problem at tirigegiven as

minimize " - F(i,1) 3)
subject to energy, reserve, and unit generatioitdirdlere unlike (1) the value tfi,t) is already determined and
is no longer a variable. Therefore, quadratic medr programming can be applied to solve this grabl
Economic Dispatch for Non-spinning Reserve (N)

Sincel(i,t) is given in the unit commitment section, the foratidn is as follows:
minimize
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subject to
0<N(,t)<G,, (i,1)-P, .. () (unitis ON)

g min

0<N(,)< 6o, (i,¢) (Unit is OFF)
N ()< N(it)< N™ (¢)

Grax(i;t) is the maximum capability of unitat timet when uniti is ON. In some ramping cas&z,.(i,t) may be
different from the maximum physical capacity of thét. GQ,.(i,t) is the maximum capability of unitat timet
when uniti is OFF, which is the quick start capability of theit, if available, and otherwise it is zero. The
solution method is given as follows.

1. DetermineNyn(i,t) andN(i,t), and using pa(t), find N(i,t) subject to Npjn(i,t) andNpax(i,t).

- V= Pun (1) -500)
N(z,t) = p2T
N(i,1)= %(l_)b(l) (Unit is OFF)

N ()< NG,0)s N, (1)

-P,..(0) (Unitis oN)

2. 1f Nmm ZNZ t NmaX , end.
3. If ZN i,t)> N"™(¢), let le t)= N™ (r) and compute(i ) again.

4. If Z N(i,t) < Nmm , let Z N i t = N™ (t and computd\(i,t) again.

The size of decomposed problem is on-third thattbé original problem. Note that classical economic
dispatch methods, such as lamba iteration metlrsthofider gradient method and second-order gradmethod
can be used to computé Also, quadratic or linear programming may be usethis approach.

Economic Dispatch for Spinning Reserve (R)

In the following formulation](i,t) is given in the unit commitment section:
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subject to (for all ON units)
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The solution is given as follows.
1. DetermineRyin(i,t) andRx(i,t), and using pin(t), find R(i,t) subject toRyjn(i,t) andRyux(i,t).



2.1t R™ ()< Y R(.6)< R™ (¢), end.
3. If Z R(i,t) > R™ (t) let z R(i,t) =R™ (t) and computd(i,t) again.

4. If z R(i,t) < R™ (¢), let z R(i,¢)= R™ () and computd(i.t) again.

4. CONCLUSONS

The formulation and the solution methodology fag #BUC problem in a restructured market structare c
be used by GENCOs in some restructured marketseMBEINCOs are responsible for unit commitment. The
solution methodology allows GENCOs to commit anldestule their units for selling power, purchasingvpg
selling spinning and non-spinning reserves in otdenaximize their profits.

This paper was written under solving science ptd@tVaV 2003 SP 26 028 0B 02.
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