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PREFACE TO THE SECOND
EDITION

It has been 11 years since the first edition was published. Many developments
have taken place in the area covered by this text and new techniques have been
developed that have been applied to solve old problems. Computing power has
increased dramatically, permitting the solution of problems that were previously
left as being too expensive to tackle- Perhaps the most important development
is the changes that are taking place in the electric power industry with new.
tunutility participants playing a larger role in the operating decisions.

It is still the intent of the authors to provide an introduction to this field
for senior or first-ear graduate engineering students. The authors have used
the text material in a one-semester (or two-quarter) program for man y years.
The same difficulties and required compromises keep occurring. Engineering
students are very comfortable with computers but still do not usuall y have an
appreciation of the interaction of human and economic factors in the decisions
to be made to develop "optimal" schedules; whatever that may mean. In 1995,
most of these students are concurrently being exposed to courses in ad'.anced
calculus and courses that explore methods for solving power flow equations.
This requires some coordination. We have also found that very few of our
students have been exposed to the techniques and concepts of operations
research, necessitating a continuing effort to make tlem comfortable with the
application of optimization methods. The subject area of this book is an
excellent example of optimization applied in an important industrial system.

The topic areas and depth of coverage in this second edition are about the
same as in the first, with one major change. Loss formulae are given less space
and supplemented by a more complete treatment of the power-flow-based
techniques in a new chapter that treats the optimal power flow (OP). This
chapter has been put at the end of the text. Various instructors may find it
useful to introduce parts of this material earlier in the sequence; it is a matter
of taste, plus the requirement to coordinate with other course coverage. (It is
difficult to discuss the OPF when the students do not know the standard
treatment for solving the power flow equations.)

The treatment of unit commitment has been expanded to include the
Lagrange relaxation technique. The chapter on production costing has been
revised to change the emphasis and introduce new methods. The market
structures for bulk power transactions have undergone important changes

xl
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throughout the woild. Ehe chapter on interchange transactions is a progre
report intended to give the students an appreciation ol the complications that
ma y accompan y a competitive market for the generation of electric energy

The section on scuritv analysis have been updated to incorporate an
introduction to the use of houndin g techniques and other contingenc selection
methods. Chapter 13 on the OPI' includes a brief coverage of the security-
constrained ( )PF and its use in securit y control.

The ;uthcrs appreciate the suggesiioiis and help offered by professors Who

have used the tirsi edition, and our students. CNIany of these suogestions i;ic
been incorporated: some lave riot, because of a lack of time, space or
knowledge. Mart y o our students at Rensselaer Pol y technic Instit utc (R PI)
and the Universit y of Minnesota have contributed to the correction of the first
edition and undertaken hours of calculations for home-work solutions, checked
old examples, and developed data for new examples for the second edition. The
1994 class :11 R P1 deserves speciat and honorable mention. They were subjected
to an earl y draft of the revision of Chapter and required to proofread it as
part of a tedious assi gnment lb (lid an outstandin g ob and I 'and errors of
I) to 1 ,.ears standing. (A note of caution to any of you professors that think

of tr y ing this: it requires more work than you might believe. Hook would you
like 20 critical editors for y our lastest, glorious tome?)

Our thanks to Kuo Chan g. of Pnwer Technologies. Inc.. who ran the
computations for the hii niar g inal wheeling cost examples in Chapter 10. We
would also like to thank Brian Stott. of Power Computer Applications. Corp..
for running the ()I I I- examples in Chapter 13.

ALLEN J. Wooi
BRUCE. F. WOLI t N BERG



PREFACE TO THE FIRST
EDITION

The fundamental purpose of this text is to introduce and explore a number
of engineering and economic matters ,nvH\ ed in phiuniiio. operating, and
controllin g power generation and tra]isnussion system ,, in clectr'tc utilities. It is
intended br hrsi-\ear graduate students in electric power engineerin g We
bcliee that it ill also serxe a uirahie seil--tud\ text for an yone vw h an
undergraduate dcc' rical engineering education and an understanding of s1ead-
state power Circui! analvsi.

This text brings together material that has esoixed inei' Noo in teaching u
zruduate-le\cl coure in the electric pc) er ci ineerina department at Rensselaer
Pol\ iechni 1ns1iuic t K P1). The topics nic!uted 5cr ye as an efteet se means to
introduce graduate ' tudent., to advanced matherntiical and operations research
methods applued to practical electric posser engineering prohienis. Some areas
of the text cover methods that are currenil bein g applied in the control and
operation of electric power generation sssten1s. The overall selection of topics.
undoubtedly. rehecis the interesls Of the a inhors.

In a one-semester course it is. of course, impossible to consider Al the
prob!eni and current prictices";ii this field. We can only introduce the tpes
of problems that arise. IHLPiraw theoretical and practical computational
approachc., and point the t Lident in the direction of seeking more information
and developin g dv anced skills s they are required.

The material has re g ularl y been taught in t he second semester of a fs rt-year
graduate course. Some acquaintance v. oh both advanced criltilis methods
(e. g , Lagrange multipliers) and basic L!ndergradliaie Con[r)l theor y is needed.
Optimiiation methods are introduced aN the y are needed to .sol e practical
prohlem' and iiNcd without recourse to extensive mathematical proofs. This
material is intended for an cngineerng course: mathematical rigor is important
but is more properl y the pros nec of an applied or iheoretical mathematics
course. With the exception of Chapter 12. the text is sell-contained in the sense

that the a riou applied mathematical techniques are presented and developed
as they are uiilied. Chapter 12. dealin g with state estimation. ma y require more
understandin g of statistical and probabilistic methods than is provided in the
text.

1 he first seven chapteN of the text fulloss .i natural sequence. 'Alth
each	 ucceeding chapter introducing further coniplicaiion, to the generation

"ill
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selled clin g problein and ncu soluti iii techtupies ('hapter S treai., met)od'
u'ed in generation s ocot planning and InirodUCCS probabilistic techniques in

the Ci imnutal ion of fuel consumpt sn and energ y production co-,( ,; Chapter
stands alone and miehi, be used in any position alter the hirst seven chapters.

Chaptcr 9 intiiidmices general ion control and discusses practices in modern 11 S.
utilities and pook We has e a tempted to provide the big picture' in this
liptcr to iflustratc hoA the ci las pieces fit together in an elect iL power

Control system
V lie topics if energy and pos'cr interchange neiween utilities aid the

s-ci.nom ican I scheduling pioHents that ma y arise in eocrdtnai ir.g he econemni
operation if interconnected utihttes are discussed in Chapter 10 ( flapteis 11

and 12 a IL' a untt Chapter 11 is concerned with power s ystem securim. and

ilc clops the anal y tical framework rued to control bulk power 5551cm', in ueh

a fishiti dial. sCciiri[ y is enhanced. Fvervt hing. iricluil no power s ystems. seems

10 ci e a propensity to tail l'ouer ystcm securtly practices try to control and
operate pos. er assienis in a defensive post ore so that the etfect of these
ines table failures are mmnhi:l/ed. Fnall% Chapter I is an introduction
to 01C U-C ii 'irate in elcetrie power s ystems We have chosen

to use a niaxirnum likclihond hlrmuiatioii since the quantiiatt\c n)crisurenieiti
weightine lunctions arm 'e in a riaLLir,il sense in lie course oi the develop-

ment
[ach chapter is provided with a set of problems and an annotated releri'nee

list for further nadine. \lanv lii not incistt of these prehiems should be
solved isin a <fiiamtai computer. Az R P1 we ae able to pios ide the Audent.
with some fundamental progranis (e.g.. a load flow, a routine' for sc heduling
f tiicrnsrii Ant i'd. 1 he cn .g lneerin lvi students of today are well prepared to

uiiiite the computer efficnselv when access to one IS provided. Real bulk

power s y stems have problems tli:it usmalIv ::ill forth I )r. Bellman ' curse Of

dimensionalits computers help and are essent iii tO solve praeteal-s'zed

problems.
The iiithors sish to espress their appreciation ti: K. A. Clements, H. H

lIapp. II. M. Merrill, C K. Pane. M. A. Sager, and J. C Wcs(cott. who each
reviewed portions of this text in draft form and offered suggestions in addition,
Dr. Ciements used earlier versions of this test in graduate courses laugh! at
Worcester Pol y technic Institute and in a course for utility engineers taught in

Boston. Massachusetts.
Much of the material in this text originated from work done b y our past

and current associates at Power Technologies. Inc., the General Electric
(.ompans. and Leeds and Northrup Company. .'\ number of IEEE papers base
been used as primary sources and are cited where appropriate It is not
possible to avoid omitting, references and sources that arc considered to
he significant by one group or another. We make no apology for omissions
and only ask for indulgence from those readers whose favorites have been
left 1)111,. Those interested may easily trace the references back to original
sources.
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