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1. DmlOWCTIC»I 

The author of this report undertook a three-week technical mission to Chile from Dec. 5 -

DaceMer 26, 1986 under the auspices of the United Nati~·Inclustrial 

Develoi-ent Organization (lllIDO). This aission was part of the activities of 

the URIDO-sponsored Optimization of the Electric-~ Systea Proiect. The 

principal pla"J'.~rs in this project are several engineers froa Chilean universi-

ties and utilities. This is a highly illportant project aimed at investigating 

the optt.al econcimic operation and effective planning of the country's genera­

tion-transaission-distribation system. In addition ~ research and develop­

mnt activities concerned with the optiaiz.tion of the Chilean power syst­

operation and planning. this Project is also providing adv.need training to . . 

the technical personnel in Chilean utilb:1es and universit· .. es. 

'fbe research and develos-nt activities are undertaken by_ the faculty and 

studei~ts of the three leading engineering s .:hools in Chile at Pontificia 

Universidad Catolica de Chile., Universidad de Chile., and Universidacl Tecnica 

Federico Santa Karia in cooperation with several Chilean utilities. The 

training progr• utilizes the services of power syst• specialists from 

throughout the world. These specialists have provided courses on .topics such 

as State Estimation., Paver Systm Security, and Computer Graphics. 

This UHIDO Project is a highly ilJaginative and unique undertaking. Tbe 

Project is concerned with a critically important need for the orderly growth 

of a developing count:y such as Chile. A well planned and efficiently 

operated power systea ensures the availability of adequate electric ener11 

resources to meet current and future neect. reliably and economically. The 
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Project is the first t~ consider the entire problea froa a systeas point of 

viev. Previous UNIDO-sponsorecl projects have concentrated on variQUS aspects 

and components of the electric energy systea. e.g •• alternative energy sources 

and aicrogeneration. llollever. this project constitutes the first instance 

where the large-scale electric energy syst- in its entirety is the focus. 
-

This uniqueness of the Project is of considerable illportance since the systems 

approach is the only one which can adequately account for all the diverse 

aspects of the problea within one integrated framework. A further important 

aspect of die Project is the utility-1Dliversity collaboration which is most 

appropriate to ensure that all the illportaut aspects of the problems 

considered are taken into acc01mt and that the research, development. and 

training activities are useful and practically orier~ecl. The broad scope of 

the Project encompasses a wide range of areas from loacl forecasting to atate 
' 

estiution and from loss calculation to security dispatch. ':.eclmical 

activities include research, analysis, development, and implementation of 

algorithims and training. Several international experts who have visite:l 

Chile to teach advanced courses on specific power system and computer systa 

topics ancl to undertake te~imical visits to the universities and utilities 

participatin5 in the .Proj~ct. 

This report suamarizes the activities of the author's recent visit to Chile. In thl 

next section the objectives of the visit are stated. This is followed by a 

s1.111111ary of the teclmical activlties of the visit. The contents of the course 

given during this ,~isit are discussed. This ~s followed by a section 

discussing the principal findings during my visit, This report concludes with 

a section of rec011Dendations for future activities. 

• 
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2 • OBJECTIVIS 01 THI TICllRICAL MISSION 

The principal focus of the teclmical llission was on the area of economic 

operation t'f the Chilean power systea. The three -jor objectives were to: 

1. lngage in teclmical discussions with personnel from the Chilean utilities. 

universities. and the Rational Inergy ec:-ission on topics related to the 

economic operation of the nation's electric utilities. 

2. Prepare and present a set· of lectures and notes on Power Systea Economic 

Planning and Operation with coverage to include the following topics: 

EcMloaic Dispatch 

• Unit Coamit:JBent 

• Load Forecasting 

• Hydro-Thermal Coordination 

• Reliability 

Expansion Planning 

Prodnction Costing 

3. Prepare a report sUDDarizing the activities of the mission and presenting 

the findings of the teclmical discussions and a set of recommendations for 

future activities in the araa of economic operation of the Chilean power 

syst•. 
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3 • '!'!CBNICAL Dn.ctJSSI«*S 

Tbe .. jorit~ of t1-e on tf\.is visit vas "evoted to visits and discussions vith 

tec~ical personnel froa the uniYe~ities and utilities part:icipating in the 

Project aad current and previous .... ..,lo~es of th& National Inergy ec-ission. 

Sevei-al-.le.tings Mere held -.i::b aanaprs and engineers from !RD~. CllILEC'l'RA - ~ - . ' 
- ~ 

Generacio':r and CBll.ICTBA Hrtropolitana. lxtensi've discussions ftt:e held vith 

the faculty and students frail Pontif icia UniYersidacl Catolica de Chile. 

Univeniclad de Chile. and Unhersi~ Tacnica lederico Santa Karia. Tb9re vas 

a visit to-tae offices of the-National Energy ec-i.ssion and a meeting vith 

the fo Jllcler Qf the ec-ission. The progra for this visit is given in 

Appendix A. The aajor issues covered in these discussions are 4..*i.scussed nut. 

3.1 ENDESA 

Several meetings and discussions were held with the ~eclmical/manageriel staff 

of EMDESA. The first aeeting served as a general iatroduction to the bulk 

generation and transmission syst• in Chile. This meat,lng vas attended by 

members of both tbs planning and operating departments at END!SA. The 

attendsu froit IN»ISA included. Julio D?ggenveiler. Reaci of the Electrical 

Engineering Department; Guillermo Espinosa, Read or tt-~e Operr.~ions Department; 

Rodrigo Chamorro. Bead of the Operational ~lanni?l" Sec~ion ~"tf ct. Operations 

Department; Igor Rodripez. B~ of the Studi. 11 f.9ct:!un of t.he llactrical 

Engineering Department; Esteban Skoknic. Plann1. ag lngineer; and Andru 

Tirapepi. Operational Planning Engineer. In addition Professors Oscar Hoya, 

Luis Valenzuela, and Luis Vargas from tJniversioad de Chile and Professor Bugh 

Rudnick and Sebastian Rioa froro Universidad Catolica attended. 
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The -ting started vith an overview of the ?incipal seven regions and basic 

characteristics of the Chilean electric utility syst.. The .. jor generating 

sources., key transai.ssion links. and load demand characteristics were 

described. The principal focus vas on the Sist- IntP-rconectado Central 

(SIC). the Central Interconnected Systea., which vas described by Guille:mo 

Espinosa. Esteban Skoknic outlined the basic planning approach used by IHDESA. 

Be emphasized the important role that hydro plays in SIC. Be also stressed 

that the consideration of micertainty is a key aspect of resource planning at 

DDISA. 

Tbs topic of energy transport., usually referred to as wheeling., was discussed. 

This is an area of looming illportance in the electrical sector in viev of the 

establislment of the national dispatch center CDEC (Centro de Despacbo 

de Carga). Topics included the allocation of transaissicn losses to the 

appropriate entities. the evaluation of wheeling costs. and the setting of 

tariffs. It was interesting to note that the interest in this topic was just 

u acute as in the USA in light of the current thrust of dereJU!ation in the 

US utility industry. 

The entire topic of reguI.~ion of US utilities and the recent steps toward 

dereaul.ation was discussed. The changing nature of the environmen~ in which 

US utiliti .. operate was described and the impacts of the new competitive 

atmospJWtre were delineated. There are very strong parallels bet•.1tten the moves · 

for 'privatization' of the Chilean electric utility industry smd the 

ca.petition faced by American utilities. 



- 6 -

Other topics discussed were Automatic Generation Control (AGC), highlighting 

the situation in Chile where in t.he SIC a single unit provides frequency 

control. Certain long-tena planning issues particularly in the area of hydro 

and s.- transaission planning considerations, especially those related to VAr 

support at ENDISA. Comparison of INDISA and PGandE practices and of 

organizational structures and procedures were made throughout the discussions. 

This first meeting was followed by a number of other .. tings with the IND!SA 

people. One was a visit to the !ND!SA Control Center. The author was able to get a 

good '!Dderstanding of the system configuration and the applications software. 

The tour of the Center was hosted by Rodrigo Chamorro. At a subsequent 

meeting we were able to discuss problellS in the operations and operational 

planning area. Topics included the frequency control practice of a-.."'fl!SA, 

scheduling problems and issues in the hydro-thermal coordination area. 

The final meeting with the ENDISA people toot place on Saturday, December 20 

with Messrs. Guillermo Espinosa, Rodrigo Cbulorro, Patricio Caro, and Andres 

Tirapegui present. The principal topic of discussion was the possibility of 

setting up a one-year internship at PGand! for Andres Tirapegui. We discussed 

tba benefits and the possible frilll8WOrk for such a training program. In 

addition, other training programs in North America and abroad were discussed. 

The next step in this process, it was decided, would be a form.l letter from 

ENDISA to PGandl. 

The ... tings with !HD!SA were fruitful in establishing a basis for future 

discussions Uld exchange of technical information. 
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3.2 CHILECTRA Generacion 

. 
A meeting lasting several hours was held at the off ices of CBILECTRA 

Generacion. The -ting was hosted by Francisco Aedo. Bead of the 'Operation 

and Inergy Sales Division. In attendance vere Julio Briones. Juan Inostroza.· 

Alberto Ugalde. and Juan Vasquez. engineers froa CBILECTRA Generacion. In 

addition. Professors Hugh Rudnick and Sebastian Rios froa Universidad Catolica 

and Luis Valenzuela from Unive~sidad de Chile were present. 

The first part of the meeting was dedicated to a presentation of planning 

-issues by Juan Vasquez. Particular attention was paid to the marginal costing 

signal computed by the model Laja. This emphasis was appropriate in light of 

the ensuing discussion on several issues related to the new CD!C framework. 

The creation of CD!C for the SIC was described and the principal fwtctions and 

goals of this body were outlined. The concerns cf CBILECTRA Generacion about 

operating within the CD!C framework became evident. Given that the creation 

of CDF..C in the first time that the Chilean generation and tr..JDSllission 

utilities will be operating together on an integrated basis, these concerns 

were quite natural and healthy. lroa this meeting it was not entirely r.lear 

whether CDEC will be more lite a club or more like a regulatory agency. 

Seve&al other issues were discussed. The reactive power problems· in the 

CBIL!CTRA network were described. These problems are particularly of interest 

because of the new wheeling arrangements under the CD!C framework. An 

interesting aspect of these problems is the very narrow range that exists for 

maintaining voltages at interconnection points with the ENDESA transmission 
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systea. Th& operational policies for the CBILICTRA thermal-generating units 

and economic considerations were discussed. The hydro-thenl&l coordination 

was another topic of discussion. I registered ay favorable iapressi\Hl with 

the appr~riate consideration accorded to the use of marginal costing in the 

long-tena planning of the CBILICTRA systea. 

The 11eeting gave a good overview of the strong steps taken at CBILICTRA for it 

to operate effectively under the 1l8W policy of opening the energy .. rkets in 

Chile to cmmpetition. 

3.3 Comision Nacional de Energia (CNE) 

A highlight of the technical mission was a visit with two mellbers of the 

National Energy Colllaission (C?m) -- Sel>Utian Bernstein. the Executive Director 

and Renato -'aurto. Bead of the Electrical Sector. It was an important part of 

the technical program since it gave an opportunity to learn firsthand the 

framework and foreseen operation of the CDEC. The -ting was attended by 

Professors B. Rudnick and S. Rios of Universidad Catolica and Professor J. 

Bustos of Universidad Tecnica Federico Santa Maria. 

In the meeting, Messrs. Bernstein a.'ld Agurto provided an outline of the CDIC 

fraavork. They reviewed the provisions of the new General Lav of Electrical 

Services enacted in 1982, the •oals of CDIC, and tl.e status of the 

illpl-tation of the provisions of the Lav. The majority of the discussion 

that mSU*l fOCUHCI on: 

• Har1inal Cost-Baaed Pricin1 
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Deteraination of Costs for Wheeling 

Implementation of Wheeling Services and Tariffs 

The illportance of marginal costing based prices for the economic operation of 

the interconnected syst- vas emphasized. The CHE people reviewed the 

concepts of the basic models in use for achieving economic operation of the 

SIC. We also discussed the question of losses and hov to allocate them among 

the interconnected utilities. The difficulty of setting up equitable wheeling 

tariffs and the allocation of costs of reactive equipment for improving 

transaission service were also topics of discussion. Ji.Dally. the possibility 

of breaking up the electrical sector into separate companies (unreguldted 

generation companies and a regulated transmission company) was discussed. 

3.4 Dr. Bruno Philippi 

Professor S. Rios arranged a meeting with Dr. Bruno Philippi. the former 

Executive Director of CNE. Dr. Philippi may be considered the "father" of 

CDIC because of his strong involvement in the enactment of the General Lav for 

Electrical Services. He vent carefully over the background and motivation for 

the new law. Be explained the political and technico-economic objectives for 

the creation of CDIC in SIC. The program of the Chilean government to 

'privatize' the electrical sector was explained in the larger context of the 

economic strategies of the country. The rationale for CDEC and what it was 

aimed to accomplish became vary clear • 

. "1 interesting aspect of this meeting was the strong evidence presented of the 

keJ role played by operations research/management science/systems engineering 

l 



- 10 -

-thoclologies and teclmiques in the establishment of policies of the Chilean 

government. The government has vel.l-trained technocrats who make extensive 

use of such methodologies and techniques in the prcmulgation of new policies 

and legislation. Tilt: _.ting with Dr. Philippi was very useful in putting the 

CDIC creation within the larger context of Chile's economic planning picture. 

3.5 CHILECTRA Hetropolitana 

An evening was ~pent with two engineers from the distribution ~ompany CHILECTRA 

Hetropolitana. One of the objc ~tives of the engineers was to interview .e for 

an article to appear in the COllpany1 S publication. Several topics in the 

distribution, planning, and operations ~reas were dis~ussed. Some of the 

practices at CHILECTRA Ket~opolitana were ce>11pared to those at PGandE. The 

advent and implications of CDEC for the distribution companies were discussed. 

TbiF meeting also offered an opportunity to explore issues in the training and 

formation of engineers in the Chilean utility industry. The basic educational 

system for engineers and the opportunities for further education in industry 

were described. The challenges of attracting excellent and competent 

engineers to the utility industry were a major focus of our di•cussions. 

3.6 Universidad de Chile (U de C) 

The Universiclad de Chile is one of the principal players in the 

UNIDO-sponsored Project. An afternoon wasspent at the university to become 

acquainted witb the research topics currently under investigation. 

Professor Oscar Hoya hosted the presentation. Two of Professor Hoya's 
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advisees, Luis Valenzuela and Luis Vargas who recently joined the U de C's 

faculty, also participated. 

Luis Vargas presented some of the research work OD real-time security 

enhancement. This work is based OD the use .,f linear mdel.s. Same good 

physically-based intuition is ased to derive simplified models for the 

evaluation of losses in the system and for the improve rnt of static security. 

Luis Vargas presented same results on small test systems to indicate the 

effectiveness of the methodologies be developed. 

Luis Valenzuela discussed the prob:.ea of sbort-te~ scheduling with the 

uncertainty in hydro taken into consideration. Be presented a Markov 

chain-based model for stochastic optiaization to evaluate the optillal schedule 

of the power system taking into account the stochasticity in the hydrology. 

This appears to be a very promising approach since the uncertainty in the 

hydro generation is explicitly considered. The stochastic dynamic programming 

approach will be useful if the state space can be constrained sufficiently to 

avoid the 'curse of dimensionality.' 

Professor Hoya also discussed some of the other work in the Electrical 

Enginee:ing Department at U de C. Some of the other research projects 

currently under investigation are: 

• Dynamic Security Determination 

Economic Dispatch for System8 with Distributed Loads 

• Optimal Generation Allocation for Syst ... with Interchange 

Load Modeling 
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Digital lelay Protection 

This -ting afforded m opportaDity to obtain a faelina for the nature of the 

undergraduate and graduate prosrw a~ U da C. Topics c:oftE\\lll iDcl.uded the 

faculty and their interests, the compoaitian of the studllllt 1-ty, m4 the 

curriculua. During the visit the author had several additional opportunities to meet 

and discuss at greater length both ~ topics md edacaUaaal iums vith 

Oscar Hoya, Luis Vargas, and Luis Valmsml•· 

3.7 Universidad Catolica de Chile (UC) 

The visit to Chile was hosted by Professors Rugh Rudnick ad S.buthn Rios., 

Chaiman and faculty --.r, respectively., of the llectrical Jnaineering 

Department at UC. Many meetings were held with them, other faculty members, and 

students at which research subjects, educational issues, and particularly topics 

specifically related to utility planning and operation in Chile were discussed 

at length. The author visited the laboratories of the Department and the UC 

Library and reviewed the curriculua of the undergracluata progr•. In addition there 

was an opportunity to meet most of the Electrical l.nginaerina laculty, the 

Systems Engineering Faculty, the Dean of the Engineering School at UC., several 

other faculty members, current students and fo~r graduates. Through these 

meetings it was possible to obtain a good understanding of the educational system 

for engineers, the research work on power systems, and the cooperative efforts 

with the Chilean utility industry. 

Many of the research projects underway as part of the UNIDO-sponsored work 

were reviewed. The presentations by the students working ~ith Professors 
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--.tck and Rios and ay discussions with ti- afforded an opportunity to 

bM:•- f.-iliar with certain aspects of their won. The vorlt mccapasses a 

mom nnaa of topics in tbe pcN8r ~ u.a. 

Olla of the early proj8Cts - in tha area of sbort-tm:a lomd forecasting. A 

relati'ftly thoroup revl• of tbe state-of-tbe-art in sbort-tera lomd 

foncutin& vu performd. The researcbers developed a data bue of hourly 

io.ts -4 weather (tmperatun) data -4 a time series (loz-Jenktu) based 

foreusting •thodoloSY for the Santiap -tropolita region. In 

collaboration with CllILICT3l Gmeracion11 tbe -thodolOIY vu applied to that 

utility'. sysaa. 

The wort on unit ~ment and economic dispatch for the Rorthem 

Intarcoanected Systtm SDJG vu described. !or this principally tbemal system 

with approximately 2S generating units, tbe UC researchers developed a 

Lagrmgian leluation-bued -thodol"SY· The approach is capable of handling 

the various systervide and unit specific conatraints. 

A current research project is concemed with the ident"fication of the 

par ... ters of a voltage regulator of an actual generating unit. The approach 

to this problem using frequency response and time response techniques vu 

described. A microcomputer will be used for real-time data acquisition. 

Measurements will be taken under actual operating conditions. 

The other research presentations were concerned with tr0&nsient stability and 

reactive power problems. One of the students is doing research on the 

application of direct methods of the Lyapunov-type (energy functions) for sta-
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bility evaluation. Another research project recently begun is concermcl with 

the evaluation of reactive pcNer needs in the CllILICDA Gen.eracion network. 

Tiie scope of the project vu oatlined. 

Some of the ti.lie in the meetings was spent with a review of all previous 

actiri.ties on the tliIDO project. In additian to the research vork 11 the 

equipment acquired with UNIDO funds and its applications was reviewed, the set of 

speclaliud com-sea pnsent:ed by the preri.ous visitors under the auspices of 

the 1llD.") project. the increued cooperation with the Chil.ea utilities md 

pverwt. and .- of the futm:e work. Professors Rudnick mad Rios were 

particularly successful in patting these various el •ts into an integrated 

whole to support the objectives of the 1llIDO project. 

In the-tings with the Faculty of the Departmnts of Electrical !ngi.neering 

and Systells lngineering 11 the author was able to get a ~ood appreciation of the courses 

they offered. their research efforts. and cooperation with industry and 

governmnt. There is a strong affinity betveen the two departments because of 

the strong systems orientation of the Electrical !ngineering Department. In 

the meeting with the SystP.118 Engineering Department 11 the Chaiman 11 Professor 

Pedro Cazmuri and the faculty members, Professors Luis Contuse, Gonzalo 

Cortazar, Raul Espinosa and Jose Robles, described in detail the spectrum of 

activities of this small but important department. It was very encouraging to 

learn that both departllents have good cooperation with industry and govern-

ment. This is an important factor for making the educational process more 

relevant to the student engineers. 
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3.8 Universidad Tecnica Federico Santa Maria (UTFSM) 

A half day was spent to visit UTFSH in Valparaiso. The principal objective was 

to give a presnatatiaa to studmlts and faculty. A brief overview of the PG and E 

system vas presented at a ~eminar at UTFSH. Discussions were focussed on the 

characteristics of PGancm's electric system. the nature of its pmeration 

resource .u. the transaission neblort. and scme blportant operational 

characteristics. Sewral studimts and Profeuor .Jalian Bastos and •Ison 

Lain attended. 

Prem the discussions with Professor Bustos and Lei••• the author obtained a good 

picture of the proar• at tmSK. They described the various projects in 

which their students were involved. Plans were also discussed for a course 

on distribution syst- planning that Professor Bu."1tos is organizing as part of 

the UllIDO project. A number of recoamendations were made concerning the topics 

that should be covered in such a course. 

4. TRI COURSE 

A course of 25 lecture hours was given to over 50 participants from Chilean 

universities and utilities. The course was entitled "Curso de 

Perfeccionamiento 'Planificacion y Operacion !conomica de Sistemas de 

Potencia'." The course was given during the momings on the week of 

Deceaber 15-19 with lectures held from 8:30 - 13:30. The list of participant.• 

is given in Appendix B. 
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The course was divided into two prin~ipal sections (Op~rations and Planning) 

and was started with an overview of the PG and E system including a description 

of the resource mix, the transmission system, the distribution network, and the 

control center. Furthermore, outlines were given concerning the plans for the 

new PG and E Energy Management System (EMS) and the major features of the system. 

This lecture was concluded with a discussion of some of the major operational problem 

facing a major utility such as PG and E. 

Next. the author presented the framework f~r the following five topics within the 

application software for modern control centers. The -jor cmponents of the 

application software systea and their inter-relationships were described. The 

five topics covered in lectures on operations are given helow: 

1. Short-Term Load Forecasting (STLF) 

Definition • 

Role in the !HS Environment 

Nature of System Load 

Classification of STLF Procedures 

Model Selection and Formulation 

Forecasting Algoritbas 

Parameter Estimaticn 

STLJ' Implementation Aspects 
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2. Unit ec-i.tment 

Problem Statement 

• Tbenl&l. Systea Description 

Problea lcmulation 

• Heuristic Approaches 

• Dynaaic Progr-1ng lased Approaches 

• Mixed Integer Linear Progr-1.ng lomulation 

3. Hydro Scheduling 

Problem Statement and Description 

• Hydro System Components 

• Hydro Scheduling Problem Pormulation 

Solution Approach 

• Major Applications 

Literature Review 

4. Hydro-Thermal Coordination 

Problem Statement 

Thermal Syst• 

Hydro Syst• 

Interchange Transactions 

Energy Storage Plants 

Classical Approach and Extensions 
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Integrated. Approach 

Lagranl«l' Reluatiou 

S. Optia.izat.ion/lt'.~caic DiSpctcll/Optional POIRr Plow (OP1) 

• Linea~ Progr.-ing 

Nonlinear rroar-ing -
Econcmic Dispatch 

• OP1 Pr~lea lonulation 

OP1 Solution Approaches 

• OPP Applications in the PtCS 

These five lectures and the introductory PGandl overview lecture were given on 

Monday, Tuesday, and Wednesday. On Thursday and Friday the lectures on 

Resource Planning were presented. The four topics covered and their contents 

were: 

1. Reliability Evaluation 

• The Role of Reliability in Resource Planning 

• Reliability Indices: LOss of Load Expectation (LOLE), Lors of i..oad 

Probability (I.OLP), Expected Unserved Energy 

Reliability Criteria 

Computational Method• 

Interpretation of Results: Effect of Input Data Load 
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• AssesSMDt of Delland Management Program 

Load Carrying Capability and Equivalent Capacity Concepts 

• Reli~bility Economics 

Worth of Reliability 

Out.ap Costs 

2. Production Costing 

• Detenainistic Production Costing 

• _ Probabilistic Siaulation for Production Costing 

System Load Representation 

Simplified Supply System Represont:ation 

Evaluation of Expected Values of Inergy and Cost; Reliability 

Indices 

Representation of Thermal Unit Operating Constraints 

Hydro and Inergy Storage Units 

Nondispatchable Generation Sources 

Demand Management Programs 

Sample Calculations 

• Computational Techniques for Production Costing 

Piecewise Linear Approximation 

Method of Cumulants 

Mixture of Normals Approximation 

• Multi-Area Production Costing Software Packages for Mainframe and 

Desktop Computers 



- 20 -

3. Marginal Costing 

• Definitions of Marginal Costs for !nergy and Capacity 

Evaluation of Marginal Costs 

Suiple Calculations 

4. Supply-Side Planning 

• Basic Principles 

• Characterization of Supply-Side Options 

• Optimal Resource Hix Detendnation: The Screening Curve Teclmique 

• Yramevork for the Evaluation of Supply-Side Alternatives 

Generation Expansion Problem Formulation 

Objectives and Contraints 

Solution Methodologies: Assumptions, Computational Requirements, 

Limitations 

• Analytical Teclmiques: Linear-, Dynamic-, and Nonlinear-Programming 

Approaches 

Software Packages for Kainf rame and Desktop Computers 

The material covered in the f iv• days of lectures was collected by 

Professor B. Rudnick and published in a two-volume set. Each course 

participant was given a copy of the two-volume set. Additional copies may be 

obtained from Professor Rudnick. Appendix C reproduces the front pages cf the 

2-volume set. 
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The lectures provided ample opportunity for participants to ask questions. 

The large number of questions served to clarify several issues. The many 

good questicns were instrumental in llllking the course useful to the 

participants. 

5. lINDIHGS 

'l1lis teclmical visit afforded an opportunity to beccme acquainted with the key 

players and principal aspects of the UHIDO-sponsored Optiaization of the 

Electric Power System Pro1ect. This ambitious undertaking is an important 

first project of this nature for Chile. This constitutes the first instance 

that the UN organization has sponsored a project which adopts a systems point 

of view. By focusing on the critically important area of system optiaizatic;n, 

the Project is providing an appr~riate framevork for the study of the eco­

nomic operation and effective planning of the Chilean electric energy system. 

UNIDO deserves congratulations for its farsightedness in supporting such a 

valuable undertaking. 

Findings are grouped into the five areas below. 

5.1 Project Benefits 

The benefits of the Project are si111if icant, particularly for a developing 

nation such as Chile. Overall, the Project delivers some useful tools for 

illlediate application by the utility industry and builds up an important body 

of knowledge for the country. The Project has made valuable technology trans­

fer to the utilities through two principal routes: the research results of 
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the UDiversity investigators and the Yisits of technical uperts. The 

research activities within the Project hr wrk have resulted in a mmher of 

applications that are beneficial for the utilities. These include a Short­

Tei:a tom Ponca.sting Methodology and a Loss lvaluation Proar-· Moreover• 

the Project engendered a hul.thy research atmosphere in several area. all of 

potential usefulness to the utility. Particularly worthwhile are the research 

efforts on syst- security. econcmic dispatch., reactive power allocation. pro­

tective relaying., and identification. The collaborative efforts of the UDi­

versity-industry engineers throughout this project created considerably stron­

ger UJ!iversity-utility ties in Chile. I believe this TeSU.lt is llOSt illpor­

tant. The practical experience to which the university researchers were 

exposed will be passed on to tht. students at universities. The new ideas to 

which utility engineers were exposed should enhance their productivity. 

Through the improved relations better focused training for future utility 

engineers will result. Also., the framework for research that is practically 

oriented and useful has been established. lor a teclmological industry which 

the electric energy industry is, it is of paramount importance to have strong 

university ties to ensure a continuous infusion of new ideas and fresh talent. 

Moreover, the existing personnel needs continuous updating of its teclmical 

knowledge. The strong university-utility ties established as part of the Pro­

ject ensure that these objectives can be accomplished. 

5.2 Project Assessment 

The Project is a well thought-out undertaking. It is an imasinative collec­

tion of activities which support the central theme of econmnic operation of 

the Chilean utility system. The involvement of three principal sectors of the 
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WCIY area--utilities. universities. and the CNE--is a key ingredient for its 

success. Hugh Rudnick skillfully hmdlecl the challenging task of coordinating 

the various activities at the participating universities and utilities. Given 

the .any pitfalls possible. vban the multitude of activities and the large 

aa-.r of players are consiclerecl. Professor Rudnick was able to get the Pro­

ject off the around and steered its smooth operation without any problems -

undoubtedly. a most impressive achievement. 

5.3 Professionalism 

A most interesting finding of the visit was the high respect and widespread 

use of operations research/managemnt sciences/systems engineering methodolo­

gies and teclmiques throughout Chile. This fact ties in well with the general 

systems nature of the UNIDO Project. The prevalence of the sys~bDS approach 

in the university-utilities and as a basis for government poiicy is highly 

impressive. The author was surprised to find the strong consideration given to uncer­

tainty in the analytic work of the utility engineers. The strong familiarity 

with probabilistic methodology and optimization teclmiques is very refres~ing. 

In general, the author was deeply impressed by the Chilean engineers' technical compe­

tence and their high degree of professionalism. This must be the result of 

the strong engineering educational system in the nation's universities. 

5 .4 Timeliness 

The Project is very timely in li1ht of the new developments in Chile's 

economy. The research and training activities tie in well with the 

establishment of CDEC, the push toward privatization in the utility industry 
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by the govecmnant and the -re."Nlting emriro.-nt of competition in energy -r­

kets. The current atmosphere bas pointed out specific areas to "-•-=h the uni­

versities can make useful contributions. 

5.5 Technical Issues 

lrca discussions at the various utilities. universities. and am. it became 

evident that there are several issues of a teclmical nature that require 

attention. In view of the esUblislment of CD!C. a principal activity of 

inter~t is wheeling. There b a need to establish a methodology for costing 

wheeling transactions on an equitable basis between participating utilities. 

The area of reactive power requires attention. Issues such as allocation of 

reactive sources, reactive dispatch, and capacitor placement must be investi­

gated. The whole area of Control Center software applications must be revi­

sited. The ENDESA Control Center t.as relatively liaited applications software 

capabilities. For example, the feasibility of developing a hydro thermal 

coordination package operating in an on-line environment Rhould be investi­

gated. Such a tool would have many uses for off-line applications in opera­

tional planning. The utilities have no optiaal power flows for either the 

planning or the operating environment. Such tools are iap~rtant to evaluate 

losses, to study wheeling costs,· and to securely operate the network. 

6. ~ATIONS 

The strong mo~entum for power system research and university-utility 

cooperation built up as a result of the UNIDO Project should be kept alive by 

ensuring that efforts in these directions will continue. Such future efforts 
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will ensure that the UNIDO Project is not an isolated initiative for fostering 

an ataosphere for imaginative energy systea engineering wort and close univer­

sity-industry ties. The Chilean government, the utilities and the universi­

ties all have a role to play in ensuring that teclmological develoi-ent can be 

facilitated, transfer of technology can be continued and postgraduate training 

of energy systea engineers will be available. These players should seize the 

opportunity to embark on additional collaborativa efforts which build on the 

strong ties established as a result of this tJNIDO Project. 

All ~ countries in the world, including developing nations such as Chile, 

must strive to improve productivity. One way to do that in the energy area 

cok._~ oe to pursue agressively interconnections with neighboring countries. 

While the political problems to be solved are rather monumental, the economic 

benefits of interchanges with systeillS in neighboring countries are very sub­

stantial. Such interchanges would take advantage of load diversity and 

improve reliable and economic operation. All efforts in support of intercon­

nected operations deserve support. 

Another area that shoul-\ be studied is the possibility of pooling resources 

for establishing a South American or, somewhat less ambitiously, a multi­

national South American energy research institute. This could allow the lev­

eraging of each country's research money for an area of vital importance for 

its economic development. Each country would undertake research work in spe­

cific areas of expertise. As a result, such a multi-national institute would 

bring focus to t~e research activities of the Chilean universities and utili­

ties in the energy area. 
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The South Allerican market for utility activities is a relatively large one. 

There are some basic tools which all utilities require. Yet. so far there 

have been no major efforts aimed at tapping this market. The area of software 

develoi-nt in which both the Chilean utilities and universities possess 

considerable expertise. is one which should be explored. Salle generic energy 

syst• software can be developed and aarteted on. practically. a continent­

vide basis. This is particularly true if there are good aanuals and user 

frir9JClly instructions in Spanish. 

A principal direction for future research at the university level should be 

one of focusing their strengths into a narrower scope of activities. It is 

understandable that the universities today aast provide research activity in a 

very wide range of specialties because of the existing structure of the energy 

industry. However. it would be decidedly better if the wiiversities would 

focus their efforts on a narrower range to become continent-wide experts in 

those areas. 

Several topics may be recoaaended for further research to be widertaken as 

inter-university and utility-university collaborative efforts. For example, 

there are several topics which would benefit froa a multi-disciplinary effort. 

The area of long-run marginal costa should be investigated in a joint engi­

neering school-buainess administration/economics school effort. The entire 

area of privatization iL the energy industry in general and wheeling issues in 

particular would also benefit froa such efforts. In the more technical schelle 

of things, a multi-university-utility effort to look at distribution syst .. 

planning, distribution automation, and improvement of distribution reliability 

is a project which could bring very substantial benefits. Other areas requir-
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ing research include reactive power planning and operation, incorporation of 

uncertainty in aid-tem phnning 90dels. hydro-theml coordination and opti­

mal power flows. There is also the need to bring into more widespread use the 

new technology in computing equipment. Universities and utilities should 

undertake a cooperative effort to investigate useful applications of aicroccm­

puter and aini-supercomputer teclmology. 

To encourage closer university-utility ties, the institution of sabbatical 

leaves should be investigated. The internship of university faculty at utili-

ties vould bring about very substantial benefits. The faculty hers would 

be exposed to !!!! probl- and would acquire valuable utility experience. 

The experience assiailated would be reflected in their teaching and research 

back at the university. This will result in enriching the education of future 

engineers. Siailarly. utility engineers on leave to universities would 

refresh their teclmical stills and bring back the newest in teclmology to the 

utility. Such arrangements in Horth America have been 'ery beneficial. 

In SUllll8ry, the substantial progress made so far through this UNIDO Project 

should be continued by undertaking additional projects of the nature described 

above. Such follow-on efforts will ensure that the str ... of beneficial 

achievements to universities, utilities, and the nation will continue in the 

future. 
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Program for the Technical 
Visit. 

UNIVERSIDAD CA TOLICA DE CHILE 
OEP ART AME?-ITO DE INGENIERIA ELEC:TRICA 

ELECTRICAL POWER SYSTEMS GROUP 

PRO&RAll FOR THE VISIT OF DR. &EDR&E &ROSS 
DECEltBER 1986 
PROJECT UlllDO CHl/841008 

Visit Cnnli•atars: Hugh Rudnick (telephone: office 5550058/4289, 
home 2255207) 

Sebesliin Rios(telephone: office 5550058/ 4288, 
home 498108) 

ACfOHODATIOll: AYda. 11deSeptiembre2211, Depto. 806, 
Telefono 2325656 

ACTIVITIES: 

DATE 

DECS 

DEC6 
DEC7 
DECB 

DEC9 

DEC 10 

ACTIVITY 

Anivel to Santiago. Flight Pen Am 209. Reception by H. Rudnick 
and S. Rios. Transport to hotel 
20:00 Meeting et hotel wtlh SRios end H. Rudntck for program 
reviston end genera11nfonnation. lnviteUon to dinner et a 
typical restaurant. 

Tour of Santiago and surroundtngs wtth H. Rudntck 
Tour to Vina del Mar end surroundtngs wtth s. Rios 
14:00 Meeting at U. Cat6Uca. Discussion on course structure 
and notes 

10:00 Vtstt to UNIDO to collect money for local expenses 
Introduction to UNIDO project at Untverstdad Cat6Uca 
Lunch at u. Cat61ice wtth lecturers of EE Dept. 
14:00 Descnption of research eclivtties et Universidad de 
Chile, Dr. Oscar Moye 
09:00 Meeting at Endesa. Visit lo National Control Center. 
Description of Endesa·s activities. Description of PG&E 
activities. 
14:00 Meeting al U. Cel6Hca. Lecture prep"rauon. 
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DEC 11 9:00 Heeling with lecturers of Systems Dept. et u. Ceto1ico 
15:00 Meeting et Chi1ectn GenereciOn.. Desaiplion of 
ectivities end problems of Opention"s Depertmenl Discussion 
on COEC development 

DEC 12 11:00 Heeling et Comisi6n Neciono1 de Energie. Discussion on 
COEC developments. 

DEC 13 

16:00 Lect..-e et Universided Ticnice Federico Sente Merie, 
Volpareiso. 

DEC 14 18:00 Heeling with CowseTrenslotors 

DEC Is 08:30-13:00 Lect.-es ot u. Cetolico 
14.-00-17:00 Lect..-e preparation et u. Cetolico 

DEC 16 08:30-13:00 Lectures ot U. Cotolico 
14.-00-17:00 Meeting ot Endeso, Openlions Deportment. 
Lecture preparation. 

DEC 17 08:30-13:00 Lectures ot U. Catolico 
14.-00-17:00 Description of research octivities at U. Cotolico. 

DEC 18 08:30-13:00 Lectures at U. Cat611ca 
14:00-17:00 Discussion of Chilectra Generoci6n oclivities 
with u. tetolice 
18:00 Meeting with Dr. Bruno Philippi, Goverment Expert on 
Foreign Ir.vestments 

DEC 19 06:30-13:00 Lectures ot U. Cat61ico 
14:00-17:00 Meeting at u. Cntolico 
19:00 Meeting with Chilectrn Metropolitona engineers. 

DEC 20 20:00 Invitation to dinner by the Rudnick family. 
DEC 21 

DEC 22 9:00-13:00 Meeting with researchers. Developmemt of 
framework for odditionol research. 
14:00-17:00 Developmemt of framework for odditionol 
reseorch. . 

DEC 23 PreparoUon of f inol report. Review of dtspotch olgorithms. 
Review of wheeling issues. 

DEC 24 Preparation of final report. Review of reactive power dispatch 
problem tmd placing of capacitors. 

DEC 25 
JZC 26 9.00 - 13.00 Final meeting with researchers. Review of findings 

Plans for future cooperation. 
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Pontificia Unr.:er~idad Cat61ica de Chile 
Escue:a de lngenieria 

List of Participants at the 
Course. 

Departamento de lngenieria Electrics 

PROYECTO PNUD/ONUOl/CHl/84/008 

CURSO DE PERFECCIONAMIENTO 
•ptANIFICACICN Y OPERACION ECONOMICA OE SISTEMAS DE 

POTENCIA. 

Dr. GEORGE GROSS 
Paclf lc Gas & Electrlc Company 

15-19 Dlclembre 1986 

NOMINA ALUMNOS 

Empresa: ENDESA 

1. Esteban Skoknlc c. 
2. Pedro Gat 1ca Kerr 
J. Eduarao Calderon A. 
4. Edgardo Fuchs 
5. Mtguel Vergara 
6. Patrtcto Caro 
7. Andres Ttrapeg~t 
8. Rodrtgo Chamorro 
9. Ju119 Guzman 
Io. Claudto Bett 1 Pruzzo 
11. Borts Munoz Gebert 
12. EcJuarao Valenzuela Acu"a 
13. Vicente Vt Haseca Vtllalot>os 
1 s. Jatme Margar1t Ptneaa 
16. Luts Fredes Bast1as 

Empresa : CHILECTRA GENERACION 

I. Juan CemtJrano P. 
2. Francisco AecJo M. 
1 Alberto Ugalde A. 
4 Juan Eduardo Vasquez M. 
5 Ignacio Alarc6n A. 
6. Juan R. Inostraza L6pez 
7. Feaer1co sooarzo L. 
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Empresa: EDELNOR 

I. Fernando Araya V. 
2. Eduardo Villalobos Abad 

Empresa: CODELCO - EL TENIENTE 

1. Jorge Umana Saavedra 

Empresa: CHILECTRA METROPOLIT ANA 

I. Hector Carrasco M. 
2. Miguel del Valle B. 
J. Victor Santis P. 
4. Sergio Aguirre Ruiz 
5. Guillermo Perez del Rio 

Empresa: COLBUN MACHICURA 

I. Alf redo I Hanes Diaz 
2. Juan C. Olmedo Hidalgo 
3. Jose Rogers Squella 
4. Eduardo Ricke Munoz 
5. Alejandro Artus Borquez 

Universidad: U. DE ANTOFAGASTA 

1. Victor Fuentes Morales 

Universidad: U DE SANTIAGO 

I. Juan zolezzi Cid 

Universidad: UTFSM 

I. Nelson Leiva 
2. .Julian Bustos 
j_ Luis Beltran Calumno> 
4. Claudio de la Jara Calumno> 



Universidad: UDE CHILE 

1. Luis Valenzuela 
2. Luis Vargas 
3. Alvaro Ferra Cahrnno> 
4. Enzo Ouezao<1 (ahrnno> 

Universidad: U. CATOLICA 

1. -Sebastian Rios 
2 -Hugh Rudnick 
3.-Arturo Bentjerodt 
4.- Celso Gonzalez Calumno) 
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- 5.-Femando Urrutia Calumno> 
6.-Marco Arrospide Cah.mno> 
7.-Enrique Arenas (alumno) 
8.-Francisco Ovalle <atumno> 
9.-Atfonso Mejia Catumno> 
1 o.-Jose Flores (atumno) 



• 
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• 

Luver pages of the 

Pont1ftc1a Un1vers1dad Cat611ca de Ch11e Two-Volume Course Publication 

Escuela de lngenierfa 
Departamento de lngenieria Elictrica 

PLANIFICACION Y OPERACION 
ECO NOMI CA 

DE SISTEMAS O..! POTENCIA 

VOLUMEN 1-0PERACION ECONOMICA 

George Gross 
PACIFIC GAS & ELECTRIC COMPANY 

Curso de Perfecclonamlento 
Proyecto Optlmizacl6n de los Slstemas de Energia Electrica 
Programa de las Naclones Unldas para el Desarrollo 
Organlzacion de las Naclones Unldas para el Desarrollo Industrial 

DICIEMBRE 1986 



- 34 -

• 

Ponl1ftcta Untversidad Cat6Hca de Chile 
Escuela de lrigenteria 
Departemento de lngenterie Electrtce 

PLANIFICACION Y OPERACION 
ECONOMICA 

DE SISTEMAS DE POTENCIA 

VOLUMEN 11 ·PLANIFICACION ECONOMICA 

George Gross 
PACIFIC GAS & ELECTRIC COMPANY 

Curso de Perfecclonamiento 
Proyecto Optlmizacion de los Sistemas de Energia Electrica 
Programs de las Naclones Unldas para el Desarrollo 
Organizacl6n de las Naclones Unidas para el Desarrollo Industrial 

DICIEMBRE 1986 




