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ABSTRACT

Power engineering is the oldest and most traditional of the various areas within electrical engineering, yet
no other facet of modern technology is currently undergoing a more dramatic revolution in both technology and
industry structure. One of the more impressive areas of technical improvement over the past twenty years has
been the emergence of powerful and practical numerical optimization methods for power-system engineering
and operation, methods that ensure that the very best electrical and financial performance can be atained. The
value contibuted by optimization use in power systems is considerable, both in terms of economics, but also in
terms of operational reliability and security. Systems run with optimization-based monitoring and control react
better to both expected patterns in power demand and equipment availability and unexpected events such as
storm damage and sudden equipment failure.

1. INTRODUCTION

Optimization concepts and algorithms were firstradticed to power-system dispatching, resource
allocation, and planning in the mid-sixties in @rdo mathematically formalize decision-making wiggard to
the myriad of objectives subject to technical andtachnical constraints.

In order to be able to control the power systemrmftbe point of view of security, one is requiredktmow
two basic things: the mathematical models of thetesy and the variety of control functions and aissed
objectives that are used.

In Figure 1. we are show the basic decompositiah@kystem into a set of generators that deli\eamtrécal
power to the distributed load by means of a network

2. POWER SYSTEM CONTROL
Control action is attained by the manipulation bfcantrol devices that exist on the system. Theegal
objectives of system control are listed in ordefodlows.
1. Protection of major pieces of equipment and ofeysintegrity,
Continuity of high-quality service,
System secure operation,
System economic and environmentally acceptableatiper,
Emergency state control,
Restorative control in minimum time.

ok wN

As a rule, control action is based on informati@nived from direct measurements and/or inferred.da#t

properly designed and operated power system shihwcefore, meet the following fundamental requieets.

1. The system must be able to meet the continuallpging load demand for active and reactive power.
Unlike other types of energy, electricity cannot benveniently stored in sufficient quantities.
Therefore, adequate spinning reserve of active seattive power should be maintained and
appropriately controlled at all times.

2. The system should supply energy at minimum costatidminimum ecological impact.



3. The quality of the power supply must meet certainimum standards with regard to the factors:
a. constancy of frequency,
b. constancy of voltage,
c. level of reliability.

Several levels of controls involving a complex grcd devices are used to meet the above requirement
These are depicted in Figure 1., which identiftes various subsystems of a power system and tleiatesd
controls.
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Fig. 1. Subsystems of a power system and assoaatebls

The primary purpose of the system genration corigdhe balance the total system generation against
system load and losses so that the desired freguwamcpower interchange with neighborong systeradl@tws)
is maintained.

The transmission controls include power and voltagaetrol devices, such as static var compensators,
synchronous condensers, switched capacitors andtorea tap-changing transformers, phase-shifting
transformers, and HVDC transmission controls.



These controls contribute to the satisfactory djraof power system by maintaining system voltaged
frequency and other system variables within thegegtable limits.

The control objectives are dependent on the opgratiate of the power system. Under normal conttio
the control objective is to operate as efficiemtypossible with voltages and freqency close tuinal values.
When an abnormal condition develops, new objectirest be met to restore the system to normal dperat

Design and operating criteria play an essentia¢ iinl preventing major system disturbances following
severe contingencies. The use of criteria enshis for all frequently occurring contingences, system will,
at worst, transit from the normal state to thetadeate, rather than to a more severe state suttteamergency
state or the in extremis state. When the aleré s&aéntered following a contingency, operators teé@e actions
to return the system to the normal state.

3. POWER SYSTEM OPTIMIZATION ASA FUNCTION OF TIME

The term power system security is used to mearaltfi@y of the bulk power electric power system to
withstand sudden disturbances such as electrid sifouits or unanticipated loss of system compdsiem
terms of the requirements for the proper plannimgy @peration of the power system, it means thédviohg the
occurrence of a sudden disturbance, the powerraystt:

1. survive the ensuing transient and move into an@eabée steady-state condition, and

2. inthis new steady-state condition, all power syst®mponents operate within established limits.

In the process of security assessment it may beluwded that the system is in the insecure nornadg stin
that case, the system operator will attempt to pdate system variables so that the system is sedinis
action is called preventive control. If the systienin an emergency state, then two types of comtctibn are
possible. In the first type, called corrective cohtaction is possible whereby the system is &auk to the
normal state. If corrective control is not possilthee emergency control is applied.
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Fig. 2. Operating states of a power system

This control can be due to relay-initiated actiaytomatic control, or operator control. In anyezabe system
will drift to the restorative state as a resulteshergency control. In the restorative state, codrantion is
initiated to restore all services by means of madiee control. This should put the system backhi&a normal
state. Figure 2. illustrates the various transgtidoe to disturbances as well as various conttalrac

The hourly commitment of units, the decision whetaaunit is on or off at a given hour, is refertedas
unit commitment. Hourly production of hydroelectptants based on the flexibility of being able tamage
water reserve levels to improve system performéaaceeferred to as the hydrothermal problem and Igour
production of coal generation or a dual purposetpisa called the dual purpose problem. Schedulihgrit
maintenance without violating reserve capacity whihinimizing the production coast is referred to aas
maintenance scheduling problem. The interdependammng the various control optimization problemghes
time horizon expands from seconds to years is showigure 3.



Time Process Control Optinization Function

Haorizon
Seconds Automatic Minimize Area Control Error
- Generation Subject to Machine and Systemn
Control (AGC) Dynamics Consiraints,
Mintes Optimat Minimize Instantaneous Cost of
= Load = Operation or Other Indices
Flow (OLF) e.g. Pollution.
Hours Unit Commitment Hy- Minimize Expected Cost of
- drothermal Duat —» Operation or Other Indices,
Problem
Days Hydrothermal Dual Minimize Expected Cost of
— Problem —# Operation
Weeks Hydrothenmal Minimize Expected Cost of
— Interchange —® Operation with Reliability
Coordination Constraints
Months Mamtcnm Schedul- anirm:ze Expuctad E‘ost of
- ing, Interchange — Operation with Reliability
Cocrdination Consiraints
Vears Mainienance Minimize Expected Investrnent
— Scheduling, Generation [ and Opcrational Costs with Reli-
L Flanning ability Constraints

Fig. 3. Time horizon of the power system optimiaatproblem

In power system operation and planning, there aamynoptimization problems that require real-time
solutions such that one can determine the optiesdurces required at minimum cost within a givenade
constraints. This scheduling is done over time (1t@s, hours, days, etc.). In this regard, we dia#ise problem
as either operational or planning. Notably, in tperations scheduling problem, we usually extéedstudies
up to 24 hours. On the other hand, planning problare solved in the time frame of years.

In analyzing the optimization problem, there arenynaontrollable parameters of interests. Therenaaay
objective functions and constraints that must lisfeed for economic operation. Methods existing fsolving
the resulting economic dispatch problem as a fonabif time when we incorporate the constraintshefgystem
and typically the economic dispatch problem evalvdsuses mathematical techniques such as linear
programming (LP), unconstrained optimization teges (using Lagrange multipliers), and nonlinear
programming (NLP) to accommodate the constraintheOvariations on the economic dispatch probleen ar
hydrothermal and unit commitment problems.



Dynamic programming (DP), Lagrange relaxation tégie, and Bender’'s decomposition algorithm are
used to solve this class of optimization problemother method in power system operation and coigrtte
optimal maintenance of units and generators.

In the same realm is optimal power flow (OPF), athinolds the promise of extending economic disptich
include the optimal setting of under load tap-gjeas (ULTCs), generator real and reactive powers,
phase/shifter taps, and the like. Optimal powewfltas been expanded as new problems arise to ecled
objective functions and constraints. Optimal poflew has attracted researchers to the developmenew
optimization algorithms and tests as a routine b@sleer applications extending the work to optirtiza of the
network include VAr planning, network expansiongdavailability transfer capability.

At the distribution end, loss minimization, datdimation, and network reconfiguration have demanded
optimum decision making as a planning problem ali as an operations problem. There are mathematical
optimization techniques ranging from linear prognaimg to evolutionary search techniques that can be
employed to obtain optimum distribution network.

e—1

o 0
0122346567 8 910111213141516171813202122232425 D12345678 910111213141516171819202122232425
t[h] t[h]

Fig. 4 Load distribution of electric energy pratian before and after optimization

In recent years, the advancement of computer eagirgeand the increased complexity of the powetesys
optimization problem have led to greater need fua application of specialized programming techngyfie
large-scale problems. These include dynamic progragy Lagrange multiplier methods, and evolutionary
computation methods such as genetic algorithmssé&techniques are often hybridized with many other
techniques of intelligent systems, including act#l neural networks (ANN), expert systems (E8putsearch
algorithms, and fuzzy logic (FL).

The example of load distribution of electric eneqgyduction before and after optimization by SOMA

algorithm are shown in Figure 4.
4. CONCLUSONS

Costing and pricing issues in the deregulated poutdities are imperative. Optimal power flow that
exploits most of the common optimization techniquéscontinue to be a workhorse for future powearkets.
More study is needed to improve the acceptabilitythe optimization tools with the drawbacks caussd
current theory and algorithms. Handling of largeoants of data and the ability to interpret the otifata and
comprehend the results with the understanding tefrative solutions will require further implemetia in
optimization methods. Furthermore, the challengsinwplify theoretical concepts and provide visuatian aids
that work to enhance future optimization for useilsbe most welcome in a deregulated power envirent.

The increased utility restructuring and regulatioridwide to ensure competition and that compaaies
run at an efficient cost are another challenge. dplication of optimization techniques for assetleation,



costing of ancillary sources, distributed genergtipower system optimization, available transfepatality
(ATC) calculation, and optimal automatic generatimmtrol (AGC) setting will be one of the hot topiof the
future.

This paper was written under solving science ptoj&GA 1/1058/04 GA SR.
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