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ABSTRACT

This thesis deals with two important aspects of an
interconnected power system, 1i.e. Optimal Power Flow (OPF) and
Automatic Generation Control (AGC). The OPF problem considering
pollution aspects has been solved using classical techniques
based on exact coordination equations and modified coordination
equations considering all relevant system constraints. The AGC
problem of a typical two equal area reheat thermal system
considering generation rate constraint (GRC) has been analysed in
the continuous-discrete mode with controllers based on
conventional area control error (ACE), new area control error
(ACEN) and modified area control error (ACEM) .

Chapter-1 introduces the problem of real and reactive power
optimization and automatic generation control (AGC) of an
interconnected power system in general and presents a critical
review of the past work in the areas of real and reactive power
optimization and AGc. It lays down the objectives and motivations
of the research work carried out.

Second Chapter presents a pioneering attempt to solve the
economic emission load dispatch (EELD) problem with line flow
constraints wusing a classical technique based on coordination
equations. A concept of total cost of generation and pollution
control is -ihtroduced to solve the EELD problem for varying
degree of compromise factor (a) for cost of generation and cost
of pollution control. The inability of classical technique in
handling the line flow constraints till date is circumvented in

an innovative manner, whereby the line flows are expressed in
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terms of real power generations through distribution factors.
These distribution factors are elegantly computed from an
already available sensitivity information of Newton-Raphson
Load Flow (NRLF) using a perturbation technique. The proposed
technique is tested on IEEE 14 and 30 bus systems, and the
results are compared with those obtained by rigorous techniques.

Investigations clearly show that the utilities should not
always go for optimum allocation of generation as per the usual
economic load dispatch practice as this may not provide the
overall best economy considering all such aspects as cost of
generation, emission level, total cost of generation and
pollution control, and system transmission 1loss in totality.

Studies reveal that the algorithm developed for EELD solution
based on coordination equations is capable of handling the
practical constraints effectively and is envisaged to appeal to
the wutilities as the most competitive algorithm for on-line
application.

In the Third Chapter a maiden attempt is made to develop a
set of coordination equations based on classical technique for
optimal reactive power dispatch in order to minimize system real
power loss considering constraints on reactive power generations,
- OLTC transformers and load bus voltage magnitudes. A set of new
loss formulae for active and reactive power losses (P, & Q) are
used. The 1loss coefficients are generated effectively and
extremely elegantly from an already available base load flow

information using a perturbation technique. An innovative

approach considering the concept of fictitious reactive power
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injections is used to model OLTC transformers. A pioneering
attempt 1is made to account for the constraints on load bus
voltage magnitudes in a novel manner by invoking a search area
technique and expressing the bus voltages in terms of reactive
power generations through voltage distribution factors which are
elegantly computed from an already available base locad flow
solution wusing a perturbation technique. The proposed model is
tested on IEEE 14 and 30 bus systems. The results obtained show a
great promise for practical application of the proposed algorithm

for optimal reactive power dispatch.

Chapter-4 presents an unified model based on classical
technique for optimal power flow by sequential optimization of
real and reactive power scheduling considering environmental and
other relevant system constraints. The two subproblems of OPF,
i.e. minimization of total cost of generation and/or pollution
level control by optimum scheduling of real power generation and
minimization of total system real power 1loss by optimum
scheduling of reactive power generation, are solved sequentially
till both minimum total cost of generation and/or pollution
controlh and minimum loss figures have converged. The proposed
algorithm is tested on IEEE 14 and 30 bus systems. The results
obtained by the proposed unified approach are in agreement with

those obtained by rigorous technique based on QP method and

hence the classical technique for optimal power flow has a

tremendous potential (because of its speed, memory and
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simplicity) for real time application in practice.

Chapter-5 deals with the development of an innovative
computational algorithm for optimal real power scheduling using
modified coordination equations. A maiden attempt is made to
account for 1line flow constraints in an innovative manner. The
line flows are expressed as a function of real power generations
through distribution factors which are generated very
efficiently and effectively from an already available Fast
Decoupled Load Flow (FDLF) information wusing a perturbation
technique. The penalty factors involved in modified coordination
equations are realized extremely elegantly with 1little
computational effort from the knowledge of an already available
FDLF solution using a perturbation technique. The economic load
dispatch (ELD) / economic emission load dispatch (EELD) solution
with 1line flow constraints are achieved using the concept of
search area and augmented modified coordination equations.
Proposed 'algorithm is tested on IEEE 14 and 30 bus systems and
results are compared with those obtained by exact coordination
equations and other rigorous techniques. Studies reveal that the
proposed algorithm based on modified coordination equations is
faster than the one based on exact coordination equations
particularly for larger systems. It 1is envisaged that the
proposed algorithm would appeal to the utilities as possibly the
fastest algorithm for real-time application.

Chapter-6 deals with the optimum selection of governor speed
regulation parameter (R) necessary for design of an appropriate

governor for continuous-discrete mode automatic generation
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control of an interconnected power system considering generation
rate constraint (GRC). Investigations reveal that there is no
necessity for having a very 1low value of R as is usually the
practice, since under realistic operation of an AGC a larger
value of R can be acceptable that can even provide better dynamic
responses. A governor designed with larger value of R is
envisaged to be simpler in realization and cheaper in cost.
Sensitivity analysis for an AGC system with higher value of R
reveals that the optimum integral gain setting obtained for
nominal system parameters is quite robust for * 25% change in

system parameters such as Tg' Ty 612, H, T, and K.

In Chapter-7 the AGC problem of a two equal area reheat
thermal system is investigated considering continuous-discrete
mode operation of the system with control strategies based on
conventional area control error (ACE) . The optimum parameters of
the controllers are obtained using Integral of the Squared Errors
(ISE) technique. The dynamic performances of the system in
actual continuous-discrete mode are obtained considering optimum
integral controller gain settings evaluated using
continuous-time, discrete-time and continuous-discrete time
models of the system. This is done to explore the applicability
of continuous-time and discrete-time models in a realistic AGC
system where the system works in continuous mode and the
controller in the discrete mode. Studies reveal that in the

presence of GRC optimum value of the integral gain setting (Ki*)

obtained using continuous-time model is acceptable while

that obtained using discrete-time model is not acceptable for
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the actual continuous-discrete mode operation of the AGC system.
Effect of variation of sampling period T on Ki* and system
dynamic performance has also been investigated. Studies reveal
thét Ki* and system dynamic-performance are hardly affected when
T 1is varied over a wide range. A sampling period of T = 20
seconds 1is even permissible for the continuous-discrete mode
operation of the AGC system in the presence of GRC.

Chapter-8 presents an analysis of continuous-discrete AGC
based on new area control error (ACEN) of a two equal area reheat
thermal system. The dynamic performance of the system in
continuous-discrete mode with controller based on ACEN has been
compared with that obtained with controller based on conventional
ACE considering GRC. Studies reveal that the dynamic performance
of the system with controller based on ACEN is slightly better
than the performance based on conventional ACE in terms of
settling time. The time error and inadvertent interchange
accumulations are effectively regulated to =zero by the AGC
based on ACEN, while these quantities settle to their finite
steady state values with AGC based on conventional ACE. The
dynamic performance of the system in actual continuous-discrete
mode AGC based on ACEN has also been analysed considering optimum

integral gain settings evaluated with continuous, discrete and

continuous-discrete time mathematical models of the system in

the presence of GRC. The effect of variation of sampling period

T on optimum controller parameters (Ki* and a*) and system

dynamic performance have also been studied. Studies reveal that

. * * .
the optimum value of K, and « obtained considering
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continuous-time mathematical model are acceptable for the actual
continuous-discrete mode AGC based on ACEN as was evidenced with
the AGC based on conventional ACE. Investigations show that for
the system under consideration it is feasible to choose a large
sampling period, to the tune of T = 20 seconds, considefing
integral controller based on ACEN without jeopardizing the
dynamic performance of the system.

Further, the use of a modified area control error (ACEM) for
AGC has been proposed. The dynamic performances of the system
obtained with controller based on ACEM has been compared with
those obtained with controllers based on conventional ACE and
ACEN. Studies show that the controller based on ACEM provides the
dynamic performance of the systembclose to that of AGC based on
new area control error (ACEN). The former controller, however, is

preferable for its comparatively easy realisation and cheaper

cost.

Chapter-9 highlights the significant contributions of the

present work and identifies the scope for future work.



CHAPTER-1

CHAPTER-2

CONTENTS

Page no.

ABSTRACT 1
NOMENCLATURE ‘ viii
LIST OF FIGURES xi
LIST OF TABLES ivx
INTRODUCTION 1-52
1.1 Int;oduction 1
1.2 Optimal Power Flow: Literature Review 2
1.3 Economic Emission Load Dispatch: Literature

Review 21

1.4 Automatic Generation Control: Literature Review 24

ECONOMIC EMISSION LOAD DISPATCH THROUGH A
CLASSICAL TECHNIQUE 53-127
2.1 Introduction 53
2.2 EELD without Line Flow Constraints 59
2.2.1 Problem formulation 59
2.2.2 Coordination equations - 63
2.2.3 Evaluation of loss formula coefficients
using a perturbation technique 65
2.2.4 Computational steps for EELD by the
proposed technique 71
2.2.5 System studies 75
2.2.6 Results and analysis 90
2.3 EELD with Line Flow Constraints 95
2.3.1 Line flow model 95
2.3.2 Evaluation of 1line flow distribution 97
factors
2.3.3 Problem formulation 100
2.3.4 Computational steps 107
2.3.5 System studies 111

2.3.6 Results and analysis 124

2.4 Conclusions 126



CHAPTER-3

CHAPTER=-4

REACTIVE POWER OPTIMIZATION THROUGH

CLASSICAL COORDINATION EQUATIONS 128-172
3.1 Introduction 128
3.2 Reactive Power Optimization without OLTC and
Bus-Voltage Constraints 131
3.2.1 Problem formulation 131
3.2.2 New Loss formulae 133
3.2.3 Computational steps 137
3.2;4 System studies 139
3.2.5 Results and analysis 140
3.3 Reactive Power Optimization with OLTC and
Bus-Voltage Constraints 146
3.3.1 Limits on transformer taps 146
3.3.2 Consideration of voltage constraints 150
3.3.3 Evaluation of voltage distribution
factors 151
3.3.4 Problem formulation 157
3.3.5 Computational steps 164
3.3.6 System studies 168
3.3.7 Results and analysis 169
3.4 Conclusions 172
UNIFIED APPROACH FOR REAL AND REACTIVE POWER
OPTIMIZATION USING A CLASSICAL TECHNIQUE BASED
ON COORDINATION EQUATIONS 173-194
4.1 Introduction 173
4.2 Problem Formulation 174
4.2.1 Real power optimization subproblem 174
4.2.2 Reactive power optimization subproblem 177
4.3 Computational Steps 179
4.4 System Studies 184
4.5 Results and Analysis 185

4.6 Conclusions

194



CHAPTER~-5

CHAPTER-6

OPTIMUM REAL POWER SCHEDULING USING MODIFIED

COORDINATION EQUATIONS 195-245
5.1 Introduction 195
5.2 Economic Load Dispatch wusing Modified
Coordination Equations without Line Flow
Constraints 196
5.2.1 Problem formulation 196
5.2.2 Modified coordination equations for ELD 197
5.2:3 Evaluation of penalty factors 199
5.2.4 Computational steps 201
5.2.5 System studies 203
5.3 ELD Algorithm with Line Flow Constraints 209
5.3.1 Problem formulation 209
5.3.2 Line flow model 209
5.3.4 Evaluation of distribution factors 210
5.3.5 Augmented modified coordination
Equations for ELD to account
for line flow constraints 218
5.3.6 Computational steps 221
5.3.7 System studies 224
5.4 Economic Emission Load Dispatch using
Modified Coordination Equations 232
5.4.1 Computational steps 233
5.4.2 ‘System studies 234
5.5 Conclusions 244
OPTIMUM SELECTION OF SPEED REGULATIO&
PARAMETER FOR AUTOMATIC GENERATION
CONTROL IN CONTINUOUS-DISCRETE MODE
CONSIDERING GENERATION RATE CONSTRAINT 246-269
6.1 Introduction 246
6.2 System Investigated 250
6.3 Mathematical Model 250
6.3.1 Transfer function model 250
6.3.2 Dynamic model in state space form 254



CHAPTER=-7

CHAPTER-8

6.4 Analysis

6.4.1 Effect of variation of R in uncontrolled

255

mode in the absence of GRC 257
6.4.2 Effect of variation of R in uncontrolled
mode in the presence of GRC 260
6.4.3 Effect of variation of R in controlled
mode in the absence of GRC 260
6.4.4 Effect of variation of R in controlled
mode in the presence of GRC 263
6.5 Sensitivity Analysis 266
6.5.1 Effect of Tg' Tt and 612 266
6.5.2 Effect of inertia constant H 267
6.5.3 Effect of reheat time constant Tr 268
6.5.4 Effect of reheat coefficient Kr 268
6.6 Conclusions 269
AUTOMATIC GENERATION CONTROL OF A TWO
EQUAL AREA REHEAT THERMAL SYSTEM IN THE
CONTINUOUS-DISCRETE MODE CONSIDERING
CONVENTIONAL AREA CONTROL ERROR 270-285
7.1 Introduction 270
7.2 System Investigated 273
7.3 Mathematical Model 273
7.4 Analysis 274

7.4.1 Dynamic performance of the system in

continuous-discrete Mode (neglecting GRC) 274

7.4.2 dynamic performance of the system in
continuous-discrete mode in the presence

of GRC 277
7.4.3 Selection of sampling period for AGC. 281
7.5 Conclusions 284
AUTOMATIC GENERATION CONTROL OF AN
INTERCONNECRED POWER SYSTEM-AN EFFECTIVE
AGC STRATEGY TO REGULATE TIME ERROR AND
INADVERTENT INTERCHANGE ACCUMULATIONS 286-327
8.1 Introduction 286
8.2 System Investigated 289



8.3 Mathematical Model 289

8.4 Analysis 290
8.4.1 Optimization of K;and a neglecting GRC 290
8.4.2 Effect of GRC 302

8.4.3 Selection of suitable weighting factors
in the performance index 311

8.4.4 Selection of sampling period for AGC

based on ACEN 313

8.4.5 Modified area control error 321

8.5 Conclusions 326

CHAPTER-9 CONCLUSIONS 328-333
9.1 Introduction 328

9.2 Summary of Important Conclusions 328

9.3 Scope for Future Work 333
REFERENCES 334

Appendix 2.1 Data for IEEE 14 bus system 353

Appendix 2.2 Data for IEEE 30 bus system 355

APPENDIX 3.1 Evaluation of loss formulae
coefficients using perturbation

technique 358
APPENDIX 6.1 System parameters for two equal

area reheat thermal system - 365
Appendix 6.2 A, B, and I matrices 366

CURRICULUM VITAE 367



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

