=

PRI-EL--2630-Vo0l.3

01582

2
Q]
jaal
[#%]

Long-Term, Mid-Term, and Short-Term
Fuel Scheduling
Volume 3. Economic Dispatch Fuel Price Strategies

EL-2630, Volume 3
Research Project 1048-6

Final Report, January 1983

Prepared by

C. A. GIBSON
Professor of Electrical Engineering
The University of Alabama

Consultant to

BOEING COMPUTER SERVICES COMPANY

Energy Technology Applications Division
565 Andover Park West
Tukwila, Washington 98188

NOTICE

PORTIONS OF THIS REPORT ARE ILLEGIBLE. It

has been reproduced from the best available
copy to permit the broadest possible avail-
ability.

Prepared for

Electric Power Research Institute
3412 Hillview Avenue k
Palo Alto, California 94304 M Asm
EPRI Project Manager .
AM

C. J. Frank

Power System Planning and Operations Program  SigTMSYTION OF Th DOCUMENT 1S UNLIMITED
Electrical Systems Division




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



ORDERING INFORMATION

Requests for copies of this report should be directed to Research Reports Center
(RRC), Box 50490, Palo Alto, CA 94303, (415) 965-4081. There is no charge for reports
requested by EPRI member utilities and affiliates, contributing nonmembers, U.S. utility
associations, U.S. government agencies (federal, state, and local), media, and foreign
organizations with which EPRI has an information exchange agreement. On request,
RRC will send a catalog of EPRI reports.

vuu;ny.u::m‘_wwum oW

NOTICE

This report was prepared by the organization(s) named below as an account of work sponsored by the Electric
Power Research Institute, Inc. (EPRI). Neither EPRI, members of EPRI, the organization(s) named below, nor any
person acting on behalf of any of them: (a) makes any warranty, express or implied, with respect to the use of
any information, apparatus, method, or process disclosed in this report or that such use may not infringe private-
ly owned rights; or (b) assumes any liabilities with respect to the use of, or for damages resulting from the use
of, any information, apparatus, method, or process disclosed in this report.

Prepared by
Boeing Computer Services Company
Tukwila, Washington



ABSTRACT

This document is one of a set of three volumes constituting the final report for
RP1048-6. The project objective has been to devise practical methods by which
utilities might reduce operating costs through a coordinated approach to fuels
management and generation scheduling and control.

Volume 3 of this report deals with methods of determining the value of fuel prices
that should be used in an equal-incremental (equal-lambda) economic dispatch of
generation in an electric power system. It is specifically concerned with the case
in which a number of different fuel supplies having different prices and different
constraints on procurement are available to each generating unit during the optimi-
zation period. Results of an industry survey, a mathematical analysis yielding the
optimal value of dispatch fuel price for each unit, sensitivities of the system fuel
cost to deviations from the optimal dispatch fuel prices, and a methodology for
evaluating the values of dispatch fuel prices are presented.
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EPRI PERSPECTIVE

PROJECT DESCRIPTION

In the last few years fuel prices increased dramatically, and decreased generator
availabilities became commonplace. These factors cause a need for better fuel use
within the electric power industry. When a power system dispatcher decides which
fuel type to use, real-time system conditions, daily fuel-use schedules, and special
yearly fuel constraints must be taken into account. The overall objective of
RP1048-6 was to develop digital computer programs in order to help utilities use
their fuel resources effectively.

To accomplish this objective the project was divided into several phases. During
the first phase of the work, functional specifications were written for the digital
computer programs that were to be developed in the remaining phases of the
project. Subsequent phases of the work developed the computer programs for use by
the following groups:

e Fuels purchasing departments (long-term planning: weeks to years)
e System operations planners (mid-term planning: hours to weeks)

e System dispatchers (real-time operations: seconds to hours)

To assure the coordination of the results of the computer programs, much of the data
needed by the programs are to be kept in common data files to facilitate the use of
the interrelated software and to minimize duplication of data entry.

PROJECT OBJECTIVES

The objective of the first phase of this project was to develop a set of functional
specifications for the computer programs needed for long-term, mid-term, and real-
time fuel scheduling. The objective of the second phase was to develop the long-
term fuel scheduling computer program. The objectives of the third phase were to
develop the computer program for mid-term fuel scheduling and to develop the tech-
niques for incorporating the long-term and mid-term results into real-time system
operations.




PROJECT RESULTS
There were two key accomplishments in this project:

1. The development of an integrated long-term, mid-term, and real-time
fuel scheduling technique

2. The development of a method for determining the incremental fuel
price to use for generators with multiple fuel sources

During the work on Phases II and III, three digital computer programs were
developed. One computer program that has been developed 1in Phase II, Unit
Commitment, enables the user to forecast generating unit commitment and production
costs for operation planning. The Long-Term Fuel Scheduling program and the Mid-
Term Fuel and Generation Scheduling program are described in Volumes 1 and 2 of this
final report. Volume 3 describes a method for determining the incremental fuel
price to use in the mid-term scheduling program for those generators with multiple
fuel sources.

The computer programs were developed in this project with the assistance of Public
Service of Colorado (PSCo), the host utility for this project. PSCo is using the
Long-Term Fuel Scheduling program on its corporate computer, and the Unit Commitment
and the Mid-Term Fuel and Generation Scheduling programs are currently being inte-
grated into the PSCo dispatch control center for daily use by its system operators.
This integration is expected to be completed in the second quarter of 1984, Al1l
three computer programs are available from the Electric Power Software Center.

The specifications developed in the first phase of this project are reported in EPRI
Interim Report EL-1319 (January 1980). The unit commitment program is described in

EPRI Interim Report EL-2455, Volumes 1 and 2 (June 1982).

Charles J. Frank, Project Manager
Electrical Systems Division
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SUMMARY

This three-volume document is the final report for EPRI Research Project 1048-6.
The aim of the project has been to develop tools and methods by which electric
utilities might reduce operating costs through coordinated generation scheduling
and fuel management. The motivation for the project lies in the enormously in-
creased volatility of the fossil fuels market since 1973 and in the accompanying
price increases. Fuels now account for a substantial portion of most utilities'
operating expenses, and the incentive for reducing fuel-related costs--purchase,
delivery, and storage--is enormous.

The project has been conducted in three phases. Phase I was concerned with the
definition and analysis of the fuel and generation scheduling problems encountered
by electrical utilities. Emphasis was placed on yearly and weekly fuel schedul-
ing, and on instantaneous fuel dispatching when fuels are in short supply. Fuel
contract management was revealed to be a central ijssue, since contracts exert a
number of constraining forces on the actual operation of the utilites. A hier-
archical framework 1linking long-, mid-, and short-term fuel scheduling was
developed, and straightforward methodological approaches were developed for each
of the three nested problems. Top-level software and file designs were Taid out,
and a skeletal cost/benefit analysis was performed. The results of Phase I were
published in EPRI Interim Report EL-1319 in January 1980. That report also con-
tains the mathematical theory underlying the project.

Phase II was a software development effort in which two computer programs were
developed. The first, a user-friendly, long-term fuel scheduling program, was
developed with the participation of Public Service Company of Colorado {PSCo). It
deals with the problem of determining minimum cost schemes for acquiring, trans-
porting, and maintaining an inventory of fuels. The modeling of long-term fuel
contracts is a key feature of the program. The program has been installed and
tested at PSCo. The second program is a general-purpose unit commitment program,
intended for use in EPRI research projects and for planning at electric utilities.
It has been installed at several EPRI member utilities for initial testing and
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evaluation. One utility has used it extensively for planning purposes. This pro-
gram has been documented in the interim report EL-2455 and is available from the
Electric Power Software Center.

Phase III had two primary activities. The first was the development of a unit
commitment program for use in the scheduling of generation when some or all fuel
supplies are scarce, and that is more adapted toward use in daily operations than
the operations planning-oriented program developed in Phase II. The remarkably
efficient Phase II program was taken as the starting point in this effort, and
many modifications relating to fuels, file structure, and program operation were
incorporated to make the package more closely suited to daily use by operators and
schedulers. A complete man-machine interface dialogue structure was designed.
The second activity was a survey and analysis of the methods by which utilities
determine fuel prices for use in economic dispatch. This is a question of key
importance and one that has received slight attention in the literature.

The primary functions of this three-volume report are to document the Long-Term
Fuel Scheduling (LTFS) program and the enhanced unit commitment program (dubbed
the Mid-Term Fuel and Generation Scheduling, or MTFGS, program to distinguish it
from its Phase II predecessor) and to report on the dispatch fuel price analysis.

The LTFS program is intended for use in optimally planning the monthly purchases,
transportation, storage, and in some cases, the consumption of fossil fuels by a
utility over the space of 1 to 2 years. The program is largely centered about
long-term fuel contracts and their complexities; spot purchases, inventory limits
and holding costs, transportation costs, and transshipment opportunites are also
represented. Mathematically, this is a fairly large-scale problem--several thou-
sand variables and constraints are generally involved--but it has a special alge-
braic structure that allows it to be solved very efficiently with a small public-
domain optimization program. This routine is embedded in a substantial body of
software that enables the user to formulate problems and obtain solutions ex-
pressed in familiar utility terms and units; this removes the burden of Tlabor-
iously expressing the utility's fuel planning problem as an enormous collection of
individual costs, constraints, and variables. This program was developed with the
assistance of the Public Service Company of Colorado (PSCo), and it has been
implemented and tested there.

The Mid-Term Fuel and Generation Scheduling program (MTFGS), also developed with
PSCo's cooperation, is a very efficient unit commitment program with several fuel-
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related features designed to make it useful in scheduling generation when fuels
are scarce or when one is attempting to follow a previously determined fuel-
consumption plan. (The yearly fuel scheduling program's solution may be taken as
a target consumption plan.) This program is an extension of the general-purpose
unit commitment program developed in Phase II of this project, which in turn was
based on one developed at Southern Company Services (SCS) in Birmingham, Alabama,
in the mid-1970's. Dr. Charles A. Gibson of the University of Alabama developed
the original program at SCS during a 15-month sabbatical leave, and he was a con-
sultant in the development of the new computer programs. This heritage has lent a
very practical, utility-oriented flavor to both unit commitment programs produced
in this project. The MTFGS program contains sophisticated fuel accounting logic
by which the estimated fuel consumption for each fuel type, at each plant, is com-
puted for the current unit commitment schedule. Significant departures from tar-
get fuel consumptions are noted, and the user is then free either to accept the
schedule as it is or to make some changes to the input--say, base-loading certain
units at 80% of capacity and tightening the operating 1imits on another unit--that
are in his view likely to result in a more appropriate fuel allocation, and rerun
the program. It is sufficiently fast that repeated runs cause no burden; 90-unit,
168-hour problems typically solve in 9 CPU seconds on an IBM 3033 computer. Modi-
fied operating limits may be stored in a file for later use in on-line economic
dispatch if fuel consumption is critical, but only if explicitly authorized by the
user. For the utility that may wish to implement the MTFGS program in an inter-
active setting, a complete man-machine interface dialogue structure is described.
CRT display formats are given, together with descriptions detailing their use by
an operator. This work was done at PSCo for their own use and reflects the con-
cerns and requirements of applications-oriented utility engineers. There is cur-
rently no graphics-oriented computer language with sufficient commonality to allow
widespread EPRI distribution, so no man-machine interface code was developed. The
utility with some sophistication in the area should be able to adapt and implement
the scheme on its own system with relatively little effort.

Volume 1 is a user's guide to the yearly fuel scheduling program and the Mid-Term
Fuel and Generation Scheduling program. It also contains a brief overview of the
entire project. Volume 2 is a programmer's gUide to the same two programs.
Volume 3 is devoted to the analysis of dispatch fuel price strategies. It deals
with the problem of determining most efficient economic dispatch prices at an
electric utility. In the classical economic dispatch development, which yields the
equal-incremental-cost criterion for economic loading of the generating units, no
consideration is given to the most common case in which a number of fuels with
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different prices and constraints on use are available to the different generating
plants. In the classical analysis it is tacitly assumed that there is sufficient
available fuel, at a given single price, to supply all possible needs of a given
generating unit. This is clearly an oversimplification in Tlight of today's
complex fuel market.

A utility survey, conducted as a part of this research project, shows that there
is no universally accepted scheme for setting economic dispatch fuel prices.
Eight of the twelve utilities surveyed were using weighted-average fuel prices for
their dispatch fuel prices. Three other companies were using incremental prices.
One company did not use economic dispatch in its daily operation.

In this volume, a mathematical argument is presented which shows that an equal-
incremental dispatch which minimizes the instantaneous cost rate also minimizes
the fuel cost over a period of time. Additionally, it 1is shown that the
incremental fuel price should be used in the economic dispatch.

Simulations of the economic dispatch and evaluation of the production cost verify
the mathematical results. The simulations were used to evaluate the sensitivity
of the system fuel cost to errors in the economic dispatch. Fuel cost increases
of .5% to 1% over the minimum cost due the use of the weighted-average fuel prices
for dispatch are typical for nominal system fuel conditions. Sensitivities of the
fuel cost due to random errors in the dispatch fuel prices were also evaluated.

A coordinated fuel management process and an evaluation of the incremental fuel
prices are presented. Additional expenditures for fuel due to the lack of such a
coordinated fuel procurement and management process can significantly exceed the
.5% to 1% additional cost due to the dispatch fuel price errors alone.

This research project has produced the very satisfying results of obtaining the
theoretical dispatch fuel prices and then linking these prices to the overall fuel
management problem, with a very practical means of obtaining the incremental fuel
prices as a part of the solution of the fuel procurement process.
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Section 1

INTRODUCTION

This volume 1is concerned with the problem of selecting the fuel prices by which
generating units are dispatched at an electric utility. The familiar equal-
incremental-cost (or equal-lambda) dispatching technique assumes that there is a
known functional relationship between generating unit output level and the incre-
mental hourly operating cost of the unit. Such a relationship 1is generally
assumed to be made up of an incremental heat rate curve multiplied by a constant
corresponding to a fixed price of fuel.

Determining an appropriate fuel price to use is not a straightforward exercise.
Many fossil steam-generating units use more than one fuel (say, coal and 0il) with
decidedly different costs per MBtu. Fuels may be supplied from different long-
term contracts with different prices. The price of fuel from a single contract
may vary with the monthly or yearly delivery quantity, and the base price is
likely to be renegotiated yearly in any event. A given month's spot purchases can
vary wildly in price. The fuel inventory that a utility carries is typically made
up of fuels purchased at different times, at different prices, from different
vendors; even determining an average price of fuel on hand is difficult. So-
called "take-or-pay" contracts, in which the buyer is obligated to pay for a mini-
mum quantity of fuel whether he uses it or not, further complicate the picture.
The point is clear: It is often difficult to determine the price of fuel.

This report represents an attempt to analyze and understand this problem, and to
provide practical suggestions by which utilities might lower their operating costs
through better dispatch fuel price strategies. The research was slanted toward
practical operations rather than toward mathematics or economics, as a sketch of
the effort will show. An industry survey was done, in order to determine the
methods that utilities are using today. A quantitative analysis of the dispatch
fuel price problem viewed as an optimization problem was carried out, extending
the conventional equal-incremental-cost rule to cover the instance of a multi-
tiered fuel price structure with quantity limits on each tier of fuel. Computer
simulations were done to verify the correctness of the analytical results, and
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also to estimate the sensitivity of overall production cost to errors in dispatch
prices. Finally, a method for estimating dispatch fuel prices through the use of
a linear programming model for optimizing monthly fuel acquisitions was investi-
gated, and was found to be quite promising.

GUIDE TO THIS REPORT

Section 2 describes the methods and results of the industry survey. Section 3
gives the details of the mathematical analysis of the dispatch fuel price problem.
Section 4 describes a simulation study of a fictitious two-unit, two-fuel system,
and demonstrates the validity of the results of Section 3 in an idealized and
simplified utility. Section 5 covers an analogous simulation study of a larger
system. Section 6 discusses the linear programming-related method for determining
dispatch prices through the optimization of monthly fuel acquisitions. Section 7
summarizes the results and conclusions of this portion of the project. Appendices
A through I provide supporting data and information. Appendix J is a glossary of
terms used in this three-volume report.
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Section 2

INDUSTRY SURVEY

BACKGROUND

The first activity in this research task was to survey a number of utilities to
determine the dispatch fuel price strategies that are actually in use today.
Another aim of the survey was to gather users' views on the relative strengths and
shortcomings of different dispatch price methodologies, so that this research task
would be done with full benefit of several users' practical experience.

Because of the complexity of most utilities' fuel supply arrangements and the
subtlety of the question of dispatch fuel prices, the survey was restricted to a
small number of in-depth interviews rather than a large-sample mailed question-
naire. Twelve utilities were interviewed, and while they must remain anonymous we
can assure that they represented a broad spectrum in terms of both geography and
methodology.

KEY TERMS AND CONCEPTS

There are several words, phrases, and concepts associated with fuel dispatch pric-
ing that should be explained before discussing the survey results.

When discussing dispatch fuel pricing with utility representatives, several terms
frequently arise that should be defined at the outset. The incremental fuel price

of fuel at a given time is the cost (¢/MBtu) that would be incurred in purchasing
one more unit of fuel. This is consistent with the use of the term in economics,
but in practice there is something of a departure from classical economic theory;
fuel is generally not obtainable in infinitely divisible quantities, and hence one
cannot determine the incremental price through differentiating a total cost curve.
Fuel comes in discrete packets—rail car loads, unit trains, barges, specific spot
opportunities, etc.—and one's estimate of the cost of the next unit of fuel
depends on the size of the basic delivery packet. Weekly, daily, or hourly
delivery constraints and the discrete nature of many long-term contracts' price
vs. quantity relationship can complicate even natural gas, which, in principle,
can be drawn in arbitrarily small units. (At some utilities the phrase
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“incremental fuel price" is used synonymously with "dispatch fuel price,"
irrespective of the method by which the dispatch price is found.)

There is a subtle point that makes it difficult to determine the true incremental
cost of fuel. It is typically assumed that the incremental price of fuel at a
generating unit is the price of the next MBtu that the given unit might require.
There are secondary effects, though, in utilities with fuel transshipment capabil-
ity or with long-term contracts whose allowable delivery points enjoy considerable
overlap: if one unit requires an increase in fuel supply that draws previously
allocated fuel from a contract whose deliveries are split among two or more loca-
tions, then the adjustments in the system's supply scheme to restore the other
locations' fuel supplies must be taken into account in determining the cost to the
utility of supplying the additional increment of fuel. This is a rather complex
notion and is dealt with at length in Section 6.

A notion related to incremental fuel price is the replacement price, i.e., the

cost of replacing fuels consumed in the current production period. This often
involves price forecasting, since spot-market prices are volatile and contract
prices may change in unforeseeable ways. Some utilities attempt to calculate
replacement prices by selecting a time period in the future (say, the next 90
days) during which the current period's consumed fuel will be replaced and esti-
mating the market prices that will prevail.

Some utilities use a weighted average price for dispatching purposes. The prices
and quantities of all fuels purchased for each individual unit in some given time

period are tabulated, and a weighted average fuel price for each unit is calcu-
lated.

One very direct approach favored by some utilities is that of a burn price. With
this scheme, the dispatch price for an upcoming time period is taken to be the
cost of the actual fuel that is anticipated to be burned. If the fuel to be
burned has already been purchased and is in inventory, then invoice prices can be
used. If a last-in, first-out fuel inventory policy is followed, then the prices
of fuels to be delivered during the upcoming period can be used.

In general, the period over which dispatch prices are established and used seems
to be one month. In practice, this means that at some time in the latter half of

each month the dispatch prices for the upcoming month are determined.




The notions of weighted-average prices, replacement costs, burn costs, etc., are
not mutually exclusive. For example, one company (identified as Company B in the
next subsection) estimates each unit's fuel replacement price to be a weighted
average of the prices of the fuels anticipated to be burned in the upcoming month.
It uses a dispatch fuel price found by averaging this estimated replacement price
with the most recent month's actual cost and then applying an escalation factor to
this averaged value.

The terms delivered fuel and purchased fuel must be used carefully when discussing

fuels acquired during a given period of time, since the purchase date may precede
the delivery date by as much as one month. Invoice date and date of payment may
also be used to specify fuel acquisitions in a period.

Regardless of the time frame in which the fuel is priced, the various time frames
may be coupled with the pricing concepts based on quantity, such as weighted-
average price or incremental cost.

SUMMARY OF THE SURVEY

Table 2-1, entitled "SUMMARY OF RESPONSES TO THE SURVEY ON DISPATCH FUEL PRICING,"
summarizes the survey of the 12 electric utilities. Company G does not appear in
the table since this company does not utilize economic dispatch. For each company
six entries appear in the table: major fuel type and its approximate percentage of
the total fuel; other fuels used; approximate percentage of the major fuel which
is secured by means of long-term contracts; nominal period of time between updates
of the dispatch fuel price; type of dispatch price determination (incremental vs.
weighted average); and the price estimation scheme (replacement vs. burn price).

COMMENTS ON SURVEY RESPONSES

It is the entries under items 5 and 6 that specify the basic concept under which
the dispatch fuel price is evaluated. The actual mechanics used in evaluating the
values differ among the companies that name the same concept for determining the
dispatch fuel price.

Eight of the eleven companies stated that they use the weighted-average
replacement price concept. In obtaining the values of replacement price, the
mechanics employed by the different companies include using historical data, pro-
jected historical data, latest quoted price, etc., as is seen from the discussion
for the individual companies. Using weighted-average pricing instead of incremen-
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Table 2-1

SUMMARY OF RESPONSES TO THE SURVEY ON DISPATCH FUEL PRICING

TABLE ENTRY NUMBER

COMPANY MAJOR OTHER % MAJOR UPDATE DISPATCH PRICE
FUEL, FUELS FUEL FROM PERIOD PRICE ESTIMATION
% CONTRACT TYPE SCHEME
A COAL NUCLEAR 85% ONE INCREMENTAL  REPLACEMENT
70% MONTH
B COAL 0IL 80% ONE WEIGHTED REPLACEMENT
80% NUCLEAR MONTH AVERAGE
C OIL NUCLEAR 85% ONE INCREMENTAL ~ REPLACEMENT
60% NAT GAS WEEK TO
ONE MO
D COAL NUCLEAR 90% ONE INCREMENTAL  REPLACEMENT
80% MONTH
E COAL NUCLEAR 70% ONE WEIGHTED THE GREATER OF
75% OIL MONTH AVERAGE THE PREVIOUS
NAT GAS MONTH'S BURN
PRICE OR
PURCHASE PRICE
F NAT GAS NUCLEAR 65% ONE WEIGHTED LAST PURCHASE
AND OIL MONTH AVERAGE
85%
H OIL COAL NEAR ONE TO WEIGHTED REPLACEMENT
67% 100% THREE AVERAGE
MONTHS
I 0IL NUCLEAR 95% TWO WEIGHTED REPLACEMENT
60% COAL WEEKS AVERAGE
NAT GAS
J COAL NUCLEAR 90% ONE WEIGHTED REPLACEMENT
75% OIL MONTH AVERAGE
K 0IL NUCLEAR 80% TWO WEIGHTED BURN
45% COAL WKS TO AVERAGE
TWO MO
L COAL NUCLEAR 80% ONE WEIGHTED REPLACEMENT
0IL MONTH AVERAGE

NAT GAS




tal pricing complicates the calculation of the replacement price because the price
becomes dependent on the anticipated consumption of fuel by a given unit. In
turn, the consumption by a given unit is dependent on the dispatch fuel price of
that unit relative to the dispatch fuel price of the other units. Since the
incremental price of fuel tends to change only with very large variations in the
quantity consumed, the coupling of a unit's dispatch price and its consumption is
not nearly so direct.

A few companies that use a weighted-average price stated that their unconstrained
choice would be to use the incremental price, but that since the dispatch fuel
price is also used for other functions such as pricing interchange sales with pool
members and others, they are forced into using a weighted-average cost.

Most companies which use a weighted-average replacement price base the next
period's prices on the weighted-average prices experienced during past periods and
projections made from this operating history.

Although the table may show a specific nominal update period for the dispatch fuel
price, a number of the companies reported that additional updates may be made if
significant changes in the fuels condition were to occur.

THE SURVEY

A survey of 12 electric power utilities was conducted in order to determine the
current practice in setting the dispatch fuel prices by a representative group of
utilities. The utilities are designated as Company A through Company L, and each
company is discussed in a separate subheading.

Company A

This company has predominantly coal-fired generation, with nuclear units making up
approximately 30% of capacity. Both coal and nuclear units are run under economic
dispatch. For the coal units, the fuel department of this company evaluates the
dispatch fuel price and supplies the dispatch price for each unit to the operating
department on a monthly basis. The price of the fuel that will replace the fuel
to be consumed by a unit which is to pick up the next MW of system load is con-
sidered to be the incremental replacement price, which is used for the dispatch
price. In order to evaluate the incremental replacement price, the fuel depart-
ment looks at the projected fuel use at each unit for the coming month and matches
long-term contract fuel and spot-market fuel requirements to the anticipated con-
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sumption. Then, based on bids obtained from fuel suppliers, they determine the
price of spot-market fuel purchased. If it is decided that spot-market fuel is to
be consumed by a unit during the coming month, then the dispatch fuel price used
for that unit is the spot-market fuel price regardless of whether the price is
higher or lower than the long-term contract fuel prices. If no spot-market fuel
is required for the unit, then the dispatch fuel price would be the actual con-
tract price.

The dispatch fuel prices used for nuclear units are also a replacement price and
are the current market price of fuel. The nuclear dispatch fuel prices are evalu-
ated on a monthly burn basis and are updated monthly for use in the economic dis-

patch.
Company B

The budgeting and planning department of this company evaluates the dispatch fuel
price based on information provided by the fuel department.

The dispatch fuel price supplied to the operating department is a fuel replacement
price. The fuel replacement price is an estimated weighted-average price of the
fuel to be consumed during the upcoming month. The method used to evaluate the
dispatch fuel price consists of taking a unit's most recent l1-month actual cost and
the unit's l-month projected cost, averaging the two values, and applying an esca-
lation factor to the averaged value to hopefully approach the actual weighted-
average cost of the fuel to be consumed in the month in which the dispatch fuel
price is to be used. Additional details of this method are presented for the
different fuels.

Approximately 80% of this company's fuel is coal. The fuel department provides to
the budgeting and planning department the following information by plant on all
coal received from each vendor for the prior nominal 30-day period:

Vendor name

Tons of coal delivered by vendor
Delivered cost of coal ($/ton)
Total delivered dollars

Btu/1b for delivered coal

Total millions of Btu

Total of (d) for all vendors
Total of {f) for all vendors

SoSUQU Hho A0 o
e o o o o s e e

The above data are based on "actual" values. Also, the fuel department provides to
the budgeting and planning department the "projected" distribution of coal in tons
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by plant for the current nominal 30-day period with the projected distribution to
include the vendor name. Based on information provided by the fuel department,
the budgeting and planning department calculates a value of delivered-coal-
purchases cost (in cents per million Btu) for each plant for the prior nominal 30-
day period involved. Also, based on the projected tonnage information for the
current nominal 30-day period and the actual delivered coal cost for each vendor
for the prior nominal 30-day period, a value for the delivered-coal-purchases cost
is calculated for the current nominal 30-day period for each plant. For each ven-
dor, the current month's Btu/lb is assumed to be the same as that for the prior
nominal 30-day period. For vendors not in the prior period, a reasonable value is
to be used. The cents per million Btu delivered coal cost value for each plant,
calculated for both the prior and current nominal 30-day periods, is weighted by
the respective tonnages to give a 2-month weighted-average value for each plant.

The resulting 2-month weighted-average price for each plant is then escalated by
an appropriate percentage. This percentage is the "projected" l-month compound
rate of change in delivered coal cost on a company-wide basis, based on the next 6
months' projections. This projected information is obtained from the most recent
fuel budget/forecast.

The projected quantity (in MBtu) of boiler 1lighter o0il to be purchased for the
current nominal 30-day period for each coal-fired plant is determined by the bud-
geting and planning department. This projection is based on the most recent offi-
cial fuel budget/forecast. The escalated price of delivered o0il is evaluated by
using the procedure, to be presented later, for calculating the dispatch price for
system oil-fired boiler and combustion turbine generating units.

The quantity of boiler Tlighter oil at its escalated cost is weighted with the
quantity of coal per month based on the 2-month period as described earlier at its
escalated cost. These values are then used to calculate a combined delivered coal
and boiler lighter o0il cost for each plant. No coal handling costs or variable
supplies and maintenance costs are to be added to the escalated 2-month weighted-
average value for each plant.

The dispatch fuel prices for coal-fired generating units are provided to the oper-
ating department on a monthly basis. The methodology for calculating the dispatch
fuel price for oil-fired boiler units and combustion turbine generating units is
given in the following discussion.
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For any plant using 01l in boilers or combustion turbines, the contract Btu/gallon
data from the fuel procurement records are used to convert the latest posted con-
tract invoice cents per gallon price, from all sources based on the same records,
to a cents per million Btu value. A1l prices include delivery and any applicable
taxes. For plants having multiple sources of supply, only the latest contract
invoice price for the highest priced source, as posted by fuel procurement, is
used.

The resulting value of cents per million Btu delivered o0il purchases cost value
for boiler 0il or combustion turbine oil at each applicable plant is escalated by
an appropriate percentage. This percentage is the projected 1-month compound rate
of change in delivered cents per gallon 0il cost on a company basis. It is based
on the next 6 months' projections and is obtained from the most recent fuel bud-
get/forecast. No variable supplies and maintenance costs are added to the esca-
lated 0il1 cost value for each plant.

The fuel dispatch prices used in the economic dispatch of oil-fired system gener-
ating units are provided to the operating department at the same time the economic
dispatch prices for coal-fired units are provided. Accordingly, the economic dis-
patch prices for 0il are updated on a monthly basis.

This company's fuel reguirements are met by approximately 80% long-term contract
fuel purchases and approximately 20% spot-market fuel purchases. The fuel prices
are formula priced for long-term contracts and fixed priced for spot-market pur-
chases. The procedure employed by this utility for forecasting future fuel pro-
curement requirements relies upon a production costing program which is used to
project fuel consumption for up to 15 years into the future. The computer fore-
casts are updated on an annual basis.

This company possesses some ability to divert fuel shipments from one generating
plant site to another, although the option is somewhat restricted due to environ-
mental restrictions on air pollutants.

Company C

The operating department of this company has the responsibility for performing the
economic dispatch and for calculating the dispatch fuel prices used in the dis-
patch. The dispatch fuel prices are based on information provided by the fuel
department for each unit as follows:




a. 0i1 ($/barrel)

b. Coal ($/ton)

c. Gas ($/Mcf)
The above costs are converted to a cents per million Btu figure by the operating
department.

The fuel prices provided by the fuel department are based on a replacement fuel
cost. The replacement fuel price is taken to be the actual price of the last fuel
purchased which is to be consumed during a predesignated time period usually con-
sisting of one week. If spot-market fuel purchases are required to meet the fuel
consumption for the next l-week period then this is the fuel price provided by the
fuel department for that unit regardless of whether the spot-market price was
higher or Tower than the long-term contract price of fuel consumed by that unit.

0i1 is the major fuel consumed by this company and accounts for approximately 58%
of the total fuel consumption. If no oil shipments have arrived during the pre-
vious 30-day period, the current New York market price is used as the replacement
price. Typically, oil shipments arrive approximately every 10 days, with a 10- to
30-day lag in actual burn time from arrival time.

Natural gas and nuclear are the other fuels utilized by this company. The fuel
price used for natural gas is also the replacement price and is evaluated as for
0il. The dispatch price for nuclear units is evaluated using a monthly calculated
burn and is based on the unit refueling cycle. The nuclear dispatch fuel price is
updated monthly.

Approximately 85% of the fuel consumed by this company is procured by long-term,
formula-priced fuel contracts with the remaining 15% requirement being met by
spot-market, fixed-priced purchases. This company utilizes a system production
cost program to provide annual fue1-requirement forecasts for several years into
the future. The forecasts are updated continuously as fuel prices change.

Company D

The fuel department of this company is responsible for evaluating the dispatch
fuel prices for use by the operating department. The dispatch fuel price provided
by the fuel department is the best market estimate price of the replacement fuel.
The replacement fuel is that fuel which will be consumed by a unit to meet the
last increment of load for the next month. The dispatch fuel price is the esti-
mated market price of the fuel which would have to be purchased in order to meet
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the last increment of load. The price is based on judgment after reviewing vari-
ous periodical trade publications which print current market fuel prices and
after reviewing the most recent fuel contracts which have been signed.

Major fuels of this company are coal and nuclear, with coal accounting for 80% of
the generation. If spot-market coal purchases were required to meet the expected
coal consumption for a unit in the 30-day period, then the price of this fuel is
used for the dispatch fuel price. The dispatch fuel prices are updated on a
monthly basis.

At present this company purchases spot-market fuel for one plant only. The
remaining fuel requirements are provided totally by long-term contract fuel pur-
chases. The spot-market purchases can vary from 0 to 20% for the total fuel pur-
chases on this system. Long-term fuel procurement is maintained primarily by
long-term fuel contracts of two time durations, approximately 5 years and approxi-
mately 20 years. Contracts of both durations are based on formulas which consider
escalation indices and labor factors. This company also maintains some short-term,
6-month fuel contracts which are fixed price. Future fuel purchases are based on
a production costing computer program which is used to project the fuel require-
ments several years into the future.

Due to environmental restrictions, this company has almost no freedom to divert
fuel shipments from one generating plant to another.

Company E
The fuel department of this compnay has the responsibility for evaluating the dis-

patch fuel price. Coal is the major fuel for this company, and for coal the dis-
patch fuel price for a generating unit is the higher of the two following prices:

a. The weighted-average cost of actual fuel burned by the unit during
the previous month

b. The weighted-average cost of all fuel purchased for that unit dur-
ing the previous month

The dispatch fuel prices are updated monthly about the middle of the month and are
then used for a nominal 30-day period. Therefore, there is a 15-day lag between
the time the dispatch fuel prices are determined and the time they are put into
use.
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The fuel consumed by this company is coal, nuclear, and small amounts of oil and
natural gas, with coal accounting for approximately 75% of the total fuel consump-
tion. This company maintains approximately 70% of the fuel purchases through
long-term fuel contracts which are formula-priced, with the remaining fuel
requirement being met by fixed-price, spot-market fuel purchases. Future fuel
requirements are forecasted using a production cost computer model to project con-
sumption several years into the future.

The fuel department has some limited ability to divert fuel shipments from one
generating plant site to another.

Company F

The operating department of this company evaluates the dispatch fuel price to use
for natural-gas-fired units based upon information provided by the fuel depart-
ment. A subsidiary of this company has the responsibility for all oil procurement
and evaluates the dispatch fuel price for the oil-fired generating units. This
company utilizes natural gas and oil as the main fuels.

The dispatch fuel price for oil-fired units is a replacement price and is the
price of the next barrel of oil which would have to be purchased in order to meet
the next increment of load. The dispatch fuel price for oil is updated as often
as there is a significant change in the market price. 0il procurement require-
ments are maintained by approximately 65% long-term contract with the remainder
being spot-market purchases. The dispatch fuel price is updated when significant
price changes occur. The dispatch price may be updated daily on some units due to
the supply availability, while the prices for other units may be updated monthly.
Approximately 60% of the total natural gas requirements are met by long-term con-
tracts with the remainder being met by spot-market fuel purchases.

Company G

This company is a smaller utility and does not presently employ an economic dis-
patch routine for dispatching generation, and therefore does not need a dispatch
fuel price.

Company H

The fuel department evaluates dispatch fuel price for this company. The dispatch
fuel price used by this utility is a projected weighted-average replacement price
based on the projected unit fuel consumption and the most recent fuel prices known.

2-11



The most recent fuel prices are evaluated by analyzing current long-term contract
fuel prices and the most recent spot-market fuel purchase prices. The fuel con-
sumption for a given unit 1is projected for the upcoming month and then the
requirements are matched to the existing long-term contract fuels spot-market
fuels purchases. Then weighted-average fuel prices are established for each unit
based on the most recent fuel prices available and projected supply of fuel.

The fuel consumption of this company is approximately 67% oil and 33% coal,
although nuclear units that are currently in the process of being brought on-line
will alter the present mix of generation.

0i1 is this company's dominant fuel and is procured entirely through long-term
fuel contracts at present. The dispatch fuel price utilized for oil-fired plants
is evaluated by the method presented previously and is updated monthly.

Roughly half of the coal is procured by means of long-term contracts, with the
remainder procured through spot-market fuel purchases. Of the generating stations
utilizing coal, approximately 80% of these burn only long-term contract coal and
the remaining stations use predominantly spot-market coal. The dispatch fuel
price of coal-fired units is also evaluated using the same method as that used for
0oil. For units burning long-term contract coal only, the dispatch fuel price is
updated approximately once every 3 months. For units consuming spot-market coal
fuel purchases, the dispatch price is revised as the market prices swing. Future
fuel consumption requirements (based on judgment) are estimated by the fuel
department using past experience and projections of future supply availabilities
and generation construction.

This company has some ability to divert fuel shipments from plant to plant.

Company I

The fuel department of this company evaluates the dispatch fuel prices for units
consuming oil, nuclear, and natural gas. The dispatch fuel price for this com-
pany's coal-fired units is obtained from a subsidiary, which has the responsibil-
ity for all coal procurement.

The dispatch fuel price for oil-fired units is the weighted-average replacement

price for a unit. The price is based on the projected fuel consumption for the
upcoming month and on the most recent market cost of oil. The prices used are the
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market prices available on the day the dispatch prices are delivered to the oper-
ating department for use in the economic dispatch. Fuel consumption for each unit
is projected for the next l-month period, and then existing long-term contract
fuel and spot-market fuel purchases are matched to the projected fuel require-
ments. Then based on the most recent long-term contract fuel prices and spot-
market fuel prices available, a weighted-average dispatch fuel price is evaluated
for each unit.

0i1 is the primary fuel consumed on this company's system, accounting for approxi-
mately 60% of overall fuel consumption. O0il tankers carrying an approximate 4- to
5-day supply arrive at the rate of about two a week. This company's oil supply is
based on about 95% long-term contract fuel and the remainder is spot-market fuel
purchases. The dispatch price for o0il 1is updated approximately twice a month
depending on oil shipment arrivals.

Coal, natural gas, and nuclear are utilized to meet the remaining system fuel
requirements. The dispatch fuel prices used for nuclear units are based on the
current fuel cycle cost and are updated only once a year. The dispatch fuel
prices used for coal-fired units are a best market estimate replacement cost
obtained from a subsidiary, and are updated once a month.

The subsidiary responsible for coal procurement provides the fuel department with
dispatch prices to use for coal-fired units. The dispatch price supplied for the
coal-fired units is a best market estimate replacement cost for the coal to be
purchased for the next month. If a unit has more than one supplier of fuel or if
spot-market purchases are required, then a weighted-average dispatch price is cal-
culated in the same manner as was presented for oil.

Fuel procurement for stations consuming coal are based on 95% long-term contract
fuel and 5% spot-market purchases. The long-term contracts for coal are in the
10- to 20-year range and are formula priced.

The fuel department uses a program to project requirements up to 20 years into the
future. The fuel forecast is updated approximately once every 3 months in order

to reflect the changes in fuel prices and projected requirements.

This company has a large amount of flexibility in diverting fuel shipments from
plant to plant.
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Company J

The systems operations department of this company evaluates the dispatch fuel
prices based on information received from the fuels section of the purchasing
department and from the civil and mechanical test sections. The values are up-
dated monthly.

Coal is the major fuel accounting for approximately 75% of all fuel. Nuclear and
0il account for approximately 20% and 5%, respectively. Roughly 90% of the coal
is obtained by means of long-term contracts, with the remaining 10% being secured
by spot-market purchases. All of the 0il is purchased on the spot market.

This company uses a weighted-average replacement cost for the dispatch fuel price.
Projected system MWh for the upcoming month are used to project MWh production and
MBtu requirements for each plant section whose units share a common fuel supply.
The total MBtu per plant section is divided into the quantity which the contract
fuel will supply and quantities which must be supplied by means of spot-market
purchases. The quantities are priced at the anticipated fuel prices for the
upcoming month. A weighted-average price of the contract and spot-market fuels is
then made and used as the dispatch fuel price for the plant section.

The long-term fuel contracts are formula-based, and the spot-market fuel purchases
of this company are fixed-priced.

At half the plants, blending of different fuels is possible. Transshipments are
possible, and the cost is calculated accordingly.

Company K
The dispatch fuel prices are evaluated by the fuels division of the electric pro-
duction department of this company on a monthly basis.

0i1 1is the major fuel used by this company, accounting for nearly half of all
fuel. Nuclear and coal share about equally in meeting the remaining fuel require-
ments. A small amount of electric energy is purchased from neighboring utilities.
Nuclear fuel for this company, 1ike the other companies, is obtained entirely by
contract. Approximately 80% of the oil and coal is obtained by means of long-term
contracts with the remainder being secured by fixed-price, spot-market purchases.




The long-term contracts are based on a formula which includes a fixed price plus
escalation factors for inflation, labor, governmental requirements, etc.

The procedure for evaluating the dispatch fuel price approximates the weighted-
average cost of fuel to be consumed during the upcoming month. A system energy
forecast for the month is made. Estimates of the quantities of the different fuel
types are made, based on cost and availability. These requirements are matched to
contract and spot-market supplies. Economic loading studies are performed which
more closely define the required quantities of the different fuels and give a bet-
ter estimate of the weighted-average fuel prices. For coal the Tlast purchase
prices are used as the prices for the upcoming month's ccal, based on the reason-
ing that shipments lag purchases such that the coal which will be burned during
the upcoming month will have been purchased during the present month. This com-
pany uses the procedure for coal, known prices of nuclear fuel, and estimates of
0il prices to approximate a replacement price of fuel for the generating units.

There exists a high degree of flexibility in reassigning fuel shipments among the
plants for this company.

Company L

The operations department of this company evaluates the dispatch fuel prices using
data supplied by the fuels department. The prices are updated monthly, or more
frequently if there are large changes in the price of fuel.

The major fuel is coal, and other fuels include nuclear, oil, and natural gas.
Usually long-term contracts account for about 80% of the requirements for coal.
However, at the time of this survey the long-term contracts account for nearly all
of the coal procurement. The long-term contracts are formula-type contracts.

By tracking a 2-month history, fuel requirements and prices are projected two
months into the future. Prices are projected on the basis of quotes, contract
specifications, and market conditions in order to get an estimate of the projected
weighted-average replacement price of fuel for each unit.

In addition to its use for economic dispatch, the dispatch fuel price is also used
for internal billing, intercompany billing, and interchange evaluation.
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Coal which is shipped by rail may be diverted easily to balance the requirements ‘
of the various plants. Much higher transportation cost usually precludes the
diversion of fuel from plants which are supplied by boat to plants which are sup-
plied by rail.



Section 3

MATHEMATICAL ANALYSIS

INTRODUCTION

In the development of the equal-incremental cost (equal-lambda) economic dispatch,
the evolution of which was reviewed by H. H. Happ (1), the analysis is carried out
for the minimization of fuel cost rate in supplying an instantaneous system load.
The equal-lambda criterion, which results in the minimization of the cost rate
($/h) in supplying the system load at the particular instant, is a direct function
of the price of fuel at each generating unit. The price of fuel at each unit is
tacitly assumed to be a known guantity; however, in the usual case the fuel that a
generating unit will consume during a given time period (say the next 30 days) may
possibly come from several different sources, each having different pricing
schemes.

The problem considered in this section is that of minimizing the total system fuel
cost ($) which will be incurred over a period of time, when there are a number of
different prices of fuel at each generating unit and the quantity of fuel that is
consumed by the unit is dependent on the dispatch fuel price which is used for the
generating unit.

In this section, a mathematical analysis is presented that leads to a strategy for
minimizing the total system fuel cost over a period of time for the situation in
which each generating unit may have multiple sources of fuel. These different
potential fuel supplies may have different prices and fuel consumption con-
straints. Thus, the analysis presented in this section differs from the classical
analysis in two ways:

1. The minimization is taken over a period of time rather than a mini-
mization at a given instant.

2. The effect of the different supplies of fuel with their different
prices and constraints is considered.



MINIMIZATION OF THE SYSTEM FUEL COST

In power system operation one seeks to determine the loading on a given set of on-
line generating units such that the total fuel cost over an operating period is
minimized. At each instant the generating units must supply a given system load
plus the attendant transmission system losses and must operate within their rated
maximum and minimum power level limits.

Problem Formulation

Phrased mathematically, the problem is to minimize the sum of the fuel costs of
each generating unit over the optimization period (0 < t < T).
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where

COST = total system fuel cost for the optimization period in dollars

Ci = cost of fuel for unit i over the optimization period in dollars

Pi = power generation of unit i in MW

PD = Joad power demand in MW

PL = transmission loss in MW

Pmax i maximum power generation limit of unit i in MW

Pmin i = minimum power generation limit of unit i in MW

N = number of generating units
The Fuels

The fuel cost for unit i is made up of two components, the cost of its base fuel
and the cost of its auxiliary fuel as follows:
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o Ci = QiFai * QaiFa (3-4)

where

QBi = the quantity of base fuel for unit i in MBtu. The first fuel to
be used would normally be long-term contract fuel. This base fuel
can consist of any number of different fuels at different prices;
however, this fuel must be consumed before the auxiliary fuel is
used.

QAi = the quantity of auxiliary fuel for unit i in MBtu. This is Tlast
block of fuel to be used in the optimization period. The term
last indicates that the fuel consumed prior to the use of auxili-
ary fuel was used because of must-take constraints, a lower price
than the auxiliary fuel, or some other reason.

FBi the price of the base fuel for unit i in $/MBtu.

Fp: = the price of the auxiliary fuel for unit i in $/MBtu.

Ai
In Eq. 3-4, in order to simplify the presentation only one price for one quantity
of base fuel is given. Any number of increments of base fuel at their respective
prices could be used with no change in the result.

Fuel Consumption and Cost

A generating unit's auxiliary fuel consumption is the difference between its total
fuel consumption and the base fuel consumption, i.e.,

T
0
where
hi(Pi) = the input-output (heat rate) relation for unit i in MBtu/h.
T = the optimization period.

Substituting Eq. 3-5 into Eq. 3-4 yields

.
Ci = Qgifpy * (S Pyt - Qgy)Fy (3-6)

and rearranging and substituting Eq. 3-6 into Eg. 3-1 yields
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In practice, the actual cost function may be more complex than in this simplified
situation. In particular, when a generating system has access to a fuel source
(typically gas) that is available to the system at a single price and that can be
shifted from one unit (or plant) to another, the incremental fuel price at a given
unit may depend on the allocations of all fuels across all units. This makes the
overall system cost much more complicated to evaluate or optimize. Section 6 of
this report discusses this effect in some detail. See also (3).

Minimizing the Cost Expression

Since the first term of Eq. 3-7 is a constant quantity, the total system fuel cost
is minimized by minimizing the second term. The second term is minimized by mini-
mizing the integrand at each instant of time as is shown in the following analy-
sis. The hi values are always positive. Even though the power demand is changing
with time and, therefore, the generating unit powers are changing with time, the
assumption that the generating units are operating essentially in steady state
renders the values of Pi and hi at any one time independent of other times.
Therefore, since the value of the integrand at a given time depends only on the
values of the generating unit powers at that time, the minimization of the inte-
gral over the optimization period by means of minimizing the integrand at each
instant of time results in the minimum system fuel cost.

Therefore the problem becomes the ordinary optimization problem of minimizing

~
1]
o=

Faghi(Py) (3-8

i=1

subject to the constraint relations of Eqs. 3-2 and 3-3 where

R = the cost rate in $/h
Following the method of Lagrange, the constraint of Eq. 3-2 is adjoined to Eq. 3-8
by means of the Lagrange multiplier, A. The inequality constraints of Eq. 3-3 may
also be adjoined to Eq. 3-8 by means of the Kuhn-Tucker theorem with the result

that the generator power levels which lie outside the power limits are to be set
at the nearest power 1imit (2). Thus the augmented cost function becomes
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. N N
R* = 2 Fph(Po) +A(- X

P. + Py +P) (3-9)
j=1 AT 21 1 D L

and the minimization is achieved by setting each partial derivative, shown in the
following equation, to zero:

3h.(P.) oP
aR* _ it L
E = FA'i ———ap-i + >\(-1 + E) (3-10)
Setting Eq. 3-10 equal to zero yields
. Ahi(Pi)
Ai aPi
A= _‘TPL— N (3-11)
1 - —=
BPi

which is recognized as the familiar equal-lambda criterion, but with the price of
the last increment of fuel being used for the dispatch fuel price. This price is
usually called the incremental fuel price. Thus, the use of incremental fuel
prices in an equal-lambda dispatch is shown to minimize the total system fuel cost
over the optimization period.

SUMMARY

In this section it has been proven mathematically that the minimum total system
fuel cost incurred during an operating period is achieved when the price of the
last increment of fuel to be consumed in the period by each generating unit is
used as the dispatch fuel price for that unit. This is commonly called the incre-
mental fuel price. In Sections 4 and 5 this result is verified and the sensitiv-
ity of the production cost to deviations from the optimal dispatch price is evalu-
ated.

Since one is dealing with minimizing the fuel cost over a future time period, even
though he knows that the incremental price should be used, he may have difficulty
in evaluating the incremental fuel price values for each generating unit. The
problem of obtaining these incremental fuel price values is dealt with in Section
6.
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Section 4

THE TWO-UNIT SYSTEM

The purposes of the dispatch simulations are to verify the results of the mathe-
matical analysis and to calculate the sensitivities of the fuel consumption and
fuel cost to variations of the economic dispatch prices from the optimum values.
This section describes the simulation of an idealized two-unit system. Section 5
discusses the simulation of a larger and more realistic system.

When only two units are involved, the relation between the economic dispatch
prices of the two units is clearly seen and the sensitivity of the system eco-
nomics to the deviations in the dispatch prices may be clearly related. Findings
from the two-unit system are used to guide the simulations of the large system.

SYSTEM LOAD

For many of the simulations a load-duration curve representing a 30-day period is
used. This curve is shown in Figure 4-1. The maximum load is 530 MW and the
minimum load is 220 MW. The shape of the curve is representative of the load on
many actual power systems. The level of load and the ratings of the two generat-
ing units are chosen to be consistent.

GENERATING UNITS

The first round of simulations used generating units with identical heat rates
modeled as

=
]

192 + 7.75 P, + .00246 P§ (4-1)

the heat rate for unit i (i=1,2) in MBtu/h
the net generated power of unit i in MW
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The operating limits of the generating units are 270 MW maximum power and 100 MW
minimum power. In other simulations the heat rate equation of one of the units
was changed in order to evaluate the effect of dissimilar units.

ECONOMIC DISPATCH

A program was written that sets the generating unit power in accordance with the
equal-lambda criterion and observes the maximum and minimum power 1limits of the
generating units. The program also evaluates the production cost and other mea-
sures needed for comparisons.

PRODUCTION COST

The fuel consumed by the units during the optimization period was of two classes
as follows:
QBi = the base fuel of unit i which is a limited quantity, minimum take

(also known as pay-or-take) in MBtu. This corresponds to long-
term contract fuel supplies.

QAi = the auxiliary fuel for unit i. This is fuel needed in excess of
Q,: in the present time period of 30 days. There are no restric-
Bi

tions on the amount of this fuel that may be used. This corre-
sponds to spot-market fuel.

The price of the fuel is represented as follows:

F
F

Bi = the price of the base fuel for unit i in $/MBtu

Ai

the price of the auxiliary fuel for unit i in $/MBtu

Using the heat rate equations of the units, Eq. 4-1, the total quantity of fuel
consumed by each unit in meeting the system load shown in Figure 4-1 is evaluated.
The costs of the base fuel and the auxiliary fuel are calculated using their
respective consumption and fuel prices. The total system cost, average system
cost, ‘and other cost measures are calculated.

RESULTS OF THE SIMULATIONS

The curves of Figure 4-2 illustrate the variation of the total cost of all fuel
consumed during the nominal 30-day period with the dispatch fuel price of Unit 2.
The dispatch fuel price for Unit 1 is set at $1.00/MBtu, which is the only price
of fuel associated with this unit. Thus, the dispatch fuel price of Unit 2 is
also the ratio of dispatch fuel price of Unit 2 to that of Unit 1. The ratio of
the dispatch fuel prices of the two units determines the division of generated
power between the two units, as is seen from Eg. 3-11.
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For Unit 1 an unlimited supply of fuel at a price of 1.00 $/MBtu is specified.
For Unit 2 the base fuel quantity is limited to 900,000 MBtu and has a price of
1.00 $/MBtu. A number of different prices for the auxiliary fuel price are
assumed. A family of system average production cost curves corresponding to the
auxiliary fuel price of 1.03, 1.04, 1.06, 1.07, and 1.10 $/MBtu are given in
Figure 4-2.

The curves give the system average cost for fuel over the 30-day period when the
system is dispatched the entire 30-day period using 1.00$/MBtu for the dispatch
price for Unit 1 and repeating the dispatch using different values of dispatch
price for Unit 2 varying from 1.00 to 1.15 $/MBtu.

At a dispatch fuel price for Unit 2 of 1.045 $/MBtu, the total fuel consumption of
Unit 2 is the 900,000 MBtu. At dispatch fuel prices less than 1.045 $/MBtu, the
fuel consumption is in excess of the 900,000 MBtu, and for dispatch fuel prices
greater than 1.045, the consumption is less than 900,000 MBtu.

The results shown in Figure 4-2 verify the mathematical analysis of Section 3.
Note that when the auxiljary fuel price of Unit 2 1is 1.03 $/MBtu the system cost
js minimized when Unit 2 is dispatched at a price of 1.03 $/MBtu. Likewise, when
the auxiliary fuel price of Unit 2 is 1.04 the system cost is minimized when Unit
2 js dispatched at a price of 1.04. Thus, the system fuel cost is minimized when
the fuel prices are set equal to their respective auxiliary fuel prices (i.e.,
their incremental fuel prices). However, when the dispatch price of Unit 2
exceeds 1.045 $/MBtu, the fuel consumption of Unit 2 falls below its base fuel
quantity of 900,000 MBtu and no auxiliary fuel is consumed.

From the foregoing it is seen that using dispatch fuel prices corresponding to the
auxiliary fuel prices of 1.05 $/MBtu and higher will result in no usage of auxili-
ary fuel, and the minimum system cost does not occur when these values are used as
the dispatch fuel price. Also note that if Unit 2's base fuel price (1.00 $/MBtu)
is used as the dispatch fuel price, Unit 2 consumes auxiliary fuel and the system
cost is not minimized. The minimum system cost under this condition occurs when
the dispatch fuel price is set to the limit such that all of the base fuel is con-
sumed (1.045 $/MBtu, in this case). This 1is consistent with the mathematical
analysis of Section 3.

Figure 4-3 illustrates the effect of using the previous month's weighted-average
fuel cost of the units for the next month's dispatch fuel price. For the first
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period the units' auxiliary fuel prices (incremental fuel prices) are used. For
the next identical load period, the units' weighted-average fuel prices that
resulted from the first period are used for the dispatch fuel prices. The system
average cost and the units' weighted-average cost oscillate for several periods
before settling down to a system average cost which is higher than that resulting
from using the incremental fuel prices. The values in the parentheses give the
percentages by which the system cost is increased over that resulting from the
dispatch using the incremental fuel prices.

Curves for three different values of auxiliary fuel price for Unit 1 (1.20,1.60,
and 2.00 $/MBtu) are shown in Figure 4-3. In all cases the quantity of base fuel
for each of the two units is 120,000 MBtu; the base prices of fuel for Units 1 and
2 are 1.00 $/MBtu and 0.90 $/MBtu, respectively; and the auxiliary fuel price for
Unit 2 is 1.20 $/MBtu.

SENSITIVITIES

The sensitivity of the overall system cost to deviations in the dispatch fuel
prices from their optimal values depends on the relative quantities of base fuels
and the auxiliary fuels, the difference in fuel prices between generating units,
the relative prices of auxiliary fuel to base fuel for a given unit, and the
presence of loading constraints that place units on their maximum limits or mini-
mum limits a large portion of the time irrespective of the dispatch fuel price.
In a case where the auxiliary fuel is approximately 25% of the total, fuel on one
unit is 1.00 $/MBtu for all its fuel and fuel for the other unit is .90 $/MBtu for
the base fuel and 2.20 $/MBtu for auxiliary fuel, the increase in system cost was
0.3% for a 10% deviation in dispatch fuel price, a l.1% increase in system cost
for a 20% deviation in dispatch fuel price and increasing sensitivities as the
deviation in dispatch fuel prices increased even further. Sensitivities 10 times
that given here were also encountered in other cases.
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Section 5

THE LARGE SYSTEM

This section deals with the simulation of the economic dispatch of a large system
and the evaluation of the resulting production cost and fuel accounting. The pro-
gram used in the simulation is adapted from the Unit Commitment and Production
Costing Program which was developed by the author and Boeing Computer Services
Company in another phase of this project.

The sensitivity of the production cost due to the deviation of the dispatch fuel
prices from their optimum values is affected by several other system parameters:

0 The gquantity of base fuel allocated for the optimization period
relative to the auxiliary fuel on a total system basis

° The relative price of auxiliary fuel and base fuel as an average
for the total system

° The relative price of auxiliary fuel and base fuel at each generat-
ing unit

For this analysis the production cost is always evaluated for an optimization
period which is taken as 30 days. Other time periods could be used but the indus-
try survey reveals that most electric power utilities use a l-month period for up-
dating their dispatch fuel prices. One should use the longest period for which
reliable data are available. Customary forecasting uncertainties make it diffi-
cult to follow exactly a plan that carries far into the future, but looking far-
ther into the future provides some insight in the execution of the plan.

SUMMARY

Simulations of the economic dispatch and evaluation of the production cost verify
the mathematical results of Section 3, namely, that dispatching according to the
price of the most costly fuel burned results in a minimum-cost allocation of
generation. The simulations were used to evaluate the sensitivity of the system
fuel cost to errors in the economic dispatch. Fuel cost increases of .5% to 1%
over the minimum cost due to the use of the weighted-average fuel prices for dis-
patch are typical for nominal system fuel conditions. Sensitivities of the fuel
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cost due to random errors in the dispatch fuel prices were also evaluated with
fuel cost increasing by up to 3% under nominal conditions.

SYSTEM LOAD

The system load is represented by the load duration curve shown in Figure 5-1. A
30-day period with seven different load levels ranging from a maximum of 15000 MW
down to a minimum of 8500 MW is used.

GENERATING COMPLEMENT

The system has generating capacity of several different types, as shown in Table
5-1. Twenty-one tie lines provide for interchange capability.

Table 5-1
TOTAL GENERATING COMPLEMENT

TYPE OF UNITS NUMBER OF UNITS TOTAL CAPACITY OF EACH TYPE
Steam Units 79 15363 MW
Nuclear Units 1 760 MW
Hydro Units 17 1898 MW
Pumped Hydro Units 7 840 MW
Comb. Turbine Units 23 1410 MW
Total Generating Capacity 20271 MW

The steam units and the nuclear unit are considered as dispatchable units; the
others are treated as nondispatchable units. These nondispatchable units are
manually scheduled for a fixed load during a fixed period. Each unit has maximum
and minimum power 1imits on generation.

The following schedules for generation are used in all of the simulations.
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° The steam units numbers 14, 24, and 27 are scheduled to be off-1ine
in all periods, which means that these units produce zero genera-
tion.

° Steam units numbers 19 and 49 are scheduled to be on-line at fixed
generation of 42 MW and 20 MW, respectively, for all levels of
Toad.

. Hydro units numbers 104, 107, 108, and 109 are scheduled on-line
with fixed generation levels of 80 MW, 600 MW, 250 MW, and 140 MW,
respectively, during the highest load interval. During the next
highest load interval, units 104, 107, and 109 are scheduled on-
Tine at their previous generation levels. This scheduling simu-
lates the use of hydro for peaking generation and is not scheduled
after these intervals. Therefore, the total hydro generation is

: 1070 MW in the first interval, 820 MW in the second interval, and
‘ zero thereafter.
|
|
‘ The total generating capacity scheduled on-line for each interval is given in
| Table 5-2.
Table 5-2
GENERATION CAPACITY FOR EACH LOAD INTERVAL
LOAD GENERATING CAPACITY TOTAL
INTERVAL THERMAL NUCLEAR HYDRO PUMPED COMBUSTION MAXIMUM
STEAM (MW) (Mw) HYDRO TURBINE CAPACITY
(MW) (MW) (MW)
1 14941.50 760 1070 0 0 16771.50
2 14941.50 760 820 0 0 16521.50
3 14941.50 760 0 0 0 15701.50
4 14941.50 760 0 0 0 15701.50
5 14941.50 760 0 0 0 15701.50
6 14941.50 760 0 0 0 15701.50
7 14941.50 760 0 0 0 15701.50

These schedules are used in each of the simulations.
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DATA USED IN THE SIMULATIONS

The simulation program requires a number of data sets. These data sets are
described in the discussion which follows, and complete 1listings of the data are
given in the appendices.

Generating Unit Name Data

These data are given in Appendix A. They show the unique name for each unit of
different types, the station number where the unit is located, the entry point
number through which the unit injects power into the transmission system, the type
of fuel used by each unit, and the maximum and minimum generation limits of each
unit. In addition, priority numbers for each unit and tie line are listed.

Generating Unit Performance Data

These data are given in Appendix B. They provide generating unit performance
characteristics data, which are the constant, linear, and quadratic coefficients
of the heat rate expression of each unit, given by

2

h; = HA + HB*P. + HC*PS (5-1)
where

hi = the heat rate of unit i, in MBtu/h.

P. = the net power generated by unit i, in MW.

Other values shown in this type of data are not used in this program.

Generating Unit Fuel Data

These data are shown in Appendix C. The values of fuel prices of each unit (base
price, auxiliary fuel price, and the dispatch fuel price) are included in this
data set. Also the guantity of base fuel allotted to each unit is entered.

Tie Line Data

These data are shown in Appendix D. They are required when the user desires to
schedule any interchange or if the program finds it necessary to schedule
interchange to meet a peak Tload. Data concerning interchange tie lines are
provided in this data. In the present analysis, interchange is not scheduled.

5-5




Manual Schedule Data

These data are shown in Appendix E. They are provided for each unit and each
period for which one wishes to schedule that unit. These data show the unit
identification number, the first and last interval of manual scheduling, the
status of the unit to be scheduled, and the scheduled power level of the unit.

B-Constant Data

These data are given in Appendices F and G, respectively. These data provide B-
coefficients for calculating the transmission Tlosses and the incremental
transmission losses. The equation for line losses is given by

NEP NEP NEP
PLOSS = XKLO + N§1 ByoP * N§1 ng PN(BNJ/IOO)PJ (5-2)

where

PLOSS = total transmission loss in MW

XKLO = transmission loss equation constant in MW

PN,PJ = total power injected at entry points N and J in MW
NEP = number of entry points in the system

BNO and BNJ = coefficients (in per unit on a 100 MVA base)

PRODUCTION COST AND FUEL ACCOUNTING

The program evaluates the production (fuel) costs, fuel usage, and other economic
values needed for comparisons and for further use by the program, etc. The fuel
consumed by each unit during the 30-day period is of two kinds:

QBi = the base fuel of unit i, which is a limited or fixed quantity of
fuel allotted for the nominal 30-day period. This corresponds to
long-term contract fuel. This fuel is considered to be consumed
before any auxiliary fuel would be used.

= the quantity of auxiliary fuel of unit i. This fuel is used only
after all of the base fuel is consumed by the particular unit.
There is no restriciton on the quantity of this fuel which would
be used in the optimization period.

Ui

To meet the system load in each interval of the 30-day period, the unit power is
set by the economic dispatch algorithm in accordance with the equal-lambda
criterion while observing the minimum and maximum power 1limits of the generating
units. Using the heat rate equation of the units, Eq. 5-1, the total fuel used by
each unit in meeting the system load in each interval is evaluated for the 30-day
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period. The amount of auxiliary fuel used by a unit is then found by subtracting
the base fuel allotment (given in the fuel data for the particular unit) from the
unit's total fuel consumption. The costs of base fuel and the auxiliary fuel are
calculated using their respective consumptions and fuel prices. The following two
subsections explain the two alternate methods of assessing the resulting produc-
tion costs.

Production Cost 1 (PCl)

This production cost is based on each unit's actual consumption of fuel during the
30-day period. Each unit in the system is allocated a certain base quantity of
fuel for the 30-day period. 1In the base case (or reference case for economic com-
parisons) the allocation of base fuel is such that each unit consumes an amount of
fuel which exceeds the base fuel allocation. In fact, for a specification of 80%
base fuel for the system, each unit is allocated a base fuel equal to 80% of its
total consumption. However, when the effect of errors in the dispatch fuel prices
is being evaluated, the deviations in the dispatch fuel prices may result in some
units failing to use all of their base fuel allocation. When a unit consumes more
than the base fuel allocation, then auxiliary fuel is used as necessary in order
to supply the total demand for fuel. Under this condition, the production cost
for that unit is the sum of the cost of the base fuel and the cost of the auxil-
iary fuel. This is the normal case.

In the case in which a unit consumes less than its base fuel allocation, the
assessment method of this section uses only the fuel which is consumed and the

base fuel price.

This is summarized in the following equation for a unit's fuel cost:

QgiFgi * (@ - Qgy)Fay for Q; > Qg;

Pri = (5-3)
Q;Fg; for Q; < Qg;
where
P,; = the production cost for unit i for the month in §
Qi = total fuel usage for unit i during the month in MBtu
FBi = base fuel price in $/MBtu

-
n

a; = auxiliary fuel price in $/MBtu
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The total system production cost using this assessment of this cost (PCl) is the
sum of the production costs for each unit.

Production Cost 2 (PC2)

This production cost is evaluated using the quantity of fuel purchased for each
unit during the month. It is this concept of assessing the fuel cost that is used
in the mathematical analysis of Section 3. As indicated earlier, the contract or
base fuel is provided by the supplier on a long-term basis, and a fixed quantity
per time period (e.g., per month and per year) is specified.

Normally PC2 and PCl are the same since fuel in excess of the base fuel allocation
is consumed. In practice this should always be the case provided good fuel man-
agement practices are used. However, in the simulations, where errors in the dis-
patch price are purposely introduced, there are cases in which a few units consume
less than their base fuel allocation.

In the case in which the unit's consumption is less than the base fuel allocation,
production cost 2 is calculated using the unit's total base fuel allocation even

though not all of this fuel is consumed. The equation for calculating a unit's
production cost using this assessment of the cost is

Ogifpi * (Q5 - Qgy)Fa; for Q3> Ggy
2i ©
QgiFpi for Q; < Qp;
where
PZi = the production cost for unit i for the month in dollars.

The total system production cost is the sum of the production costs for each unit.

Total Load MWh Energy

The program evaluates the MWh load for each interval by multiplying the total
power by the duration in hours for the interval. The total load energy for the
month is calculated by adding the energy for all intervals.
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System Average Cost

The system average cost is evaluated by dividing the production cost by the total
Joad energy. There are two system average costs (one using production cost 1 and
the other one using production cost 2).

Weighted-Average Fuel Costs

The program also evaluates the weighted-average of the base fuel cost and the aux-
jliary fuel cost for each unit in the system. This weighted-average price for
each unit is used as the dispatch price during next month in a particular category
of simulations discussed later.

Calculation of Auxiliary Fuel Consumed

The total auxiliary fuel consumed during the month is calculated as a percentage
of the total system fuel consumption.

BASE CASES

The base cases are obtained using the auxiliary fuel price of each unit as the
dispatch fuel price for that unit. The production cost of the base case is then
used for comparing the production costs which are obtained when errors in the dis-
patch fuel prices are introduced.

Error in the dispatch fuel prices are introduced in two ways: through random vari-
ations and through the use of a weighted-average fuel price. This is explained
more fully in a later portion of Section 5.

As stated earlier, the effect of the dispatch errors is dependent upon system
parameters. Therefore, the relative system quantities and prices of base and aux-
iliary fuel are set at different values, and then the dispatch fuel prices are
varied. The correlation of base and auxiliary fuel price values at each unit is
also set at different values.

Correlation of the Generating Unit's Auxiliary and Base Fuel Prices

The relative values of the base and auxiliary fuel prices are in practice subject
to a great deal of statistical variation when viewed across many units or utili-
ties; there is no fixed ratio that relates the two. To account for this, the sta-
tistical relationship between base and auxiliary fuel prices is represented in the
simulation model by having the auxiliary prices randomly generated in a way that
obeys different observed or hypothesized linear correlations with the base price.
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Figure 5-2 is a scatter diagram showing the auxiliary and base prices for several
different units; these values are drawn from representative electric utility sys-
tem data and exhibit a linear correlation of .24, which was the correlation used
in the base-case simulations. Other simulations were done using correlations of
.75 and .95.

Correlation of the Generating Unit's Auxiliary and Base Fuel Prices
Used With the Random Variations in the Dispatch Prices

Several simulations were run with a fixed correlation factor of 0.24 between the
generating unit's auxiliary and base fuel prices. Details of the setting of the
other system parameters are discussed in following subsections. Table 5-3 sum-
marizes the setting of parameters for the case of simulating random variations in
the dispatch fuel prices. The first line of the table yields an example: Set the
allocation of base fuel at 80% of the total consumption, set the system auxiliary

Table 5-3
SYSTEM PARAMETER VALUES

Base Case Values

Percentage Allocation of Total System Auxiliary % rms Error
Base Fuel/Auxiliary Fuel Fuel Price as X% Higher (% Standard
Quantity (System and each or Lower than the Total Deviation) of
Unit) System Base Fuel Price Dispatch Fuel
Price
80/20 -7 0 (Base case)
70/30 t 10 5
60/40 T2 10
15
50/50 + 30 20
t 40 30
40
50
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Figure 5-2, Scatter Diagram Relating the Units' Auxiliary and Base Fuel Prices
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fuel price 7% lower than the base fuel price, and then dispatch the system using
the auxiliary fuel price (zero error in the dispatch fuel price). This is the
base case. Using these same parameter values the dispatch is repeated for rms
errors of 5, 10, 15, 20, 30, 40, and 50 percent in the dispatch fuel price. Thus,
there are 36 (4 allocations x 9 auxiliary fuel prices) different base cases in
Table 5-3. A number of these same base cases are then repeated for the correla-
tion factors of 0.75 and 0.95.

Correlation of the Generating Unit's Auxiliary and Base Fuel Prices
When Using the Unit's Weighted-Average Price as the Dispatch Price

For the cases where a generating unit's weighted-average fuel price is used as its
dispatch price, the correlation factor of 0.24 between the generating unit's aux-
iliary and base fuel prices was first used. Systemwide parameters of base fuel
allocation and the relative prices of the system base fuel and the system auxil-
iary fuel were varied in a manner similar to that for the random variations in the
dispatch fuel price. Later, a correlation factor of 0.95 between the unit's aux-
iliary and base fuel prices was also used.

LEVELS OF BASE FUEL ALLOCATION

Simulations were first performed using the auxiliary fuel price as the dispatch
fuel price for all units. This simulation establishes the total fuel usage of
each unit during the 30-day period. From this amount of total generating unit
consumption the base fuel allocation of each unit is set at 80%, 70%, 60%, and 50%
of the total fuel usage of that unit. Thus, the system total base fuel allocation
is also the same percentage of the total system fuel consumption as was estab-
lished for the individual units. Each of these simulations, at the different
levels of base fuel but using the auxiliary fuel price for the dispatch fuel
price, establishes a base case for economic comparison with the cases where the
dispatch prices vary from the optimum values.

RELATION OF SYSTEMWIDE AUXILIARY AND BASE FUEL PRICES

As stated earlier, the relation between the auxiliary and base fuel prices at the

units was established from representative data from an electric utility and then
adjusted for other values of correlation.

By means of calculating the system weighted-average auxiliary fuel cost and the

system weighted-average base fuel cost, the auxiliary fuel prices are all adjusted
until a desired system auxiliary fuel price relative to the base price (e.g., a
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system auxiliary fuel price 10% greater than the system base fuel price) is
achieved.

The original fuel data sets, for a 70% allocation of base fuel, resulted in a
system auxiliary fuel price 7% lower than the base fuel price.

Additional fuel data sets are generated to represent cases in which the system
auxiliary fuel price differs from the base fuel price by varying percentages. The
eight cases considered had auxiliary prices equal to the base price plus (and
minus) 10%, 20%, 30%, and 40%.

VARIATION IN THE DISPATCH FUEL PRICE

The main purpose of the simulation study is to assess the sensitivity of the pro-
duction cost to variations of the dispatch fuel prices from their optimum values.
These simulations used a statistical method to vary the dispatch prices of the
units, and since some electric utilities are using the weighted-average fuel
prices as dispatch fuel prices, the weighted-average fuel prices were also used.
Both the above cases are considered separately in the next subsections.

Random Variation From the Optimum

It has been noted that if the dispatch prices are all varied by the same percent-
age from their optimum values, no change in the dispatch occurs. The optimum set
of dispatch prices may be multiplied by any constant with no change in the resul-
tant loading of the generating units. This is evident from an examination of Eq.
3-11.

In the simulations there are 80 dispatchable units each requiring a dispatch
price. A random variation of the dispatch prices from their optimum values is
modeled as follows. The method used specifies that the units' dispatch prices
(FDi) are to vary from their known optimal values (ng) such that the variable
FDi/ng has a normal distribution with the expected value of FDi being ng and a

specified standard deviation or rms error.
A standard random number generator was used to produce the 80 normally distributed

random numbers (FDi/ng) having a specified mean of 1.0 and a specified percentage
of rms error.
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Once the value of FDi/ng is known, the dispatch prices for each unit can be cal-
culated by multiplying the known optimum dispatch price by the normally distrib-
uted random number (FDi/ng)'

Another program was written which calculates the dispatch prices of the 80 units
and creates a file of dispatch fuel prices for use in the simulation program.
Simulations were performed making use of the dispatch fuel price data sets having
rms errors of 5, 10, 15, 20, 30, 40, and 50 percent.

Use of the Weighted-Average Price

The weighted-average fuel price of each unit can be expressed by Eq. 5-5.

QpiFpi + (@4 - Qg;)Fp;
Q.

i

> Q5> Oy
WAV " (5-5)
Bi » Q32 Qg

where

FWAV1 = weighted-average fuel price for unit i in $/MBtu

FBi = base fuel price of unit i in $/MBtu

Fpi = auxiliary fuel price of unit i in $/MBtu
Qi = total fuel usage by unit i for the month
QBi = base fuel allotment for unit i in MBtu

The weighted-average fuel cost calculated using Eq. 5-5 is based on the fuel con-
sumed, as in the case for production cost 1, rather than on the base fuel alloca-
tion.

In order to specify a unit's weighted-average fuel price as its dispatch fuel
price an iterative technqiue is required. Since the relative dispatch prices of
the units determine the consumption of the units and the unit's consumption deter-
mines its weighted-average fuel price, a procedure to simulate the use of weighted-
average fuel prices for dispatch proceeds as follows:

. A succession of identical 30-day load periods are used.

) The optimum dispatch prices are used in the first load period. The
resulting weighted-average fuel cost for each unit is calculated.
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° The weighted-average fuel prices previously calculated are used as
the dispatch price during the next load period. The new weighted-
average fuel cost for each unit is calculated.

() The dispatches are repeated, using the previous month's weighted-
average fuel prices as the dispatch prices, for 10 to 12 1load
periods (months).

As in the case for random variations in the dispatch price, the parameters speci-
fying the relative quantities and prices of the base and auxiliary fuels are set
at different values. The simulation of the use of weighted-average fuel prices is
repeated for each of the combinations of quantities (50, 60, 70, and 80% base
fuel) and prices (auxiliary prices of 110 and 130% higher/lower than base prices)
of base and auxiliary fuels.

RESULTS OF THE SIMULATION

The results of the different simulations are presented in tabular form and in
graphs; they are placed in Appendix H and Appendix I, respectively, because their
bulk would divide the text in an awkward way.

Tables

Tables H-1 through H-36 and Tables H-53 through H-60 show the results of the simu-
lations which are made for random errors in dispatch prices. For a list of the
contents of these tables, see page H-1. Tables H-1 through H-36 present results
generated using the correlation factor of 0.24 between the units' auxiliary and
base fuel prices. In Tables H-53 through H-60, correlation factors of 0.75 and
0.95 are used. Tables H-37 through H-52 and Tables H-61 through H-64 correspond
to the cases in which the generating units' weighted-average fuel prices are used

as the dispatch prices. The entries in these tables are explained as follows:

] Auxiliary fuel price: This is a total system quantity only and

does not apply to the relative auxiliary and base fuel prices for

the individual generating units. The weighted-average auxiliary

fuel price for the system is X% more (or less) than the weighted-
average base fuel price for the system in the base case.

] Base fuel: The base fuel is given as a percentage of the total
fuel consumed in one month in the base case. For the base case
this same percentage of base fuel is allocated for each unit.

. Correlation factor: This is the value of the Tlinear correlation

factor between the generating unit's auxiliary and base fuel
prices.
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0 % rms error 1in dispatch price (for random error cases): The
simulations are made varying the dispatch price from the optimum
price by 5%, 10%, 15%, 20%, 30%, 40%, and 50% rms errors. The mean
value of the error is zero.

0 Optimization period number: The weighted-average price strategy
simulations model the evolution of dispatch prices through 12 con-
secutive time periods (months). The period number is simply the
time index denoting the month.

0 Auxiliary fuel used: As the dispatch is altered due to the errors
in the dispatch price, the relative consumption of auxiliary and
base fuel for the total system for the l-month period will change.
This entry gives the consumption of auxiliary fuel as a percentage
of total consumption.

° Fuel cost 1: This cost is calculated using only the fuel consumed
and is fully described earlier in this section as PCl.

° Fuel cost 2: This cost is calculated using total base fuel alloca-
tion and is described earlier in this section as PC2.

° % increase in cost over base case: The production cost for the
base case is shown in each table. The increase in production cost
is calculated using both fuel cost 1 and fuel cost 2.

Figures

The results of the simulations are also given in graphical form in Appendix I.
Page I-1 gives a list of these figures. A correlation factor between the units'
auxiliary and base fuel prices of 0.24 is used in Figures I-1 through I-60.
Correlation factors with values of 0.24, 0.75, and 0.95 are used to illustrate its
effect in Figures I-61 through I-66.

The first set of figures depicts the percentage increase in the total system fuel
cost as calculated using both production cost 1 and production cost 2 versus the
percentage standard deviation (rms error) in the dispatch price. Thus two curves
are shown in each plot of Figures I-1 through I-36.

The next set of figures gives the previously described set of curves collected on
four figures so that all 16 curves for the 50% base fuel allocation are shown on
one graph. Likewise all the 16 curves for the 60%, 70%, and 80% base fuel alloca-
tion are shown on their respective graph sheets. These curves are depicted in
Figures I-37 through I-40.

Figures I-41 through I-44 use the same information as the previous curves but pre-

sent the effect of differing relative amounts of base and auxiliary fuels. Curves
for 50%, 60%, 70%, and 80% base fuel are all plotted on the same curve sheet.
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Four different curve sheets present auxiliary fuel prices and the two methods of
evaluating the production cost.

Figures I-45 through I-60 depict the use of the weighted-average price of the aux-
iliary and base fuels consumed by a given unit for the unit's dispatch price. The
iterations are carried out as previously described and the resulting increase in
the system fuel cost is plotted against the number of 30-day optimization periods.

The effect of the correlation between the generating units' auxiliary and base
fuel prices is illustrated in Figures I-62 through I-66. Figures I-61 and I-62
are for random variations in dispatch price and Figures I-63 through I-66 illus-
trate the correlation effect when the unit's weighted-average fuel price is used
for the dispatch price.

ANALYSIS OF THE SIMULATION RESULTS

There are two general classes of variations in the dispatch prices from their
optimum values. These two classes are:

1. A random variation in the dispatch prices among the units is pro-
duced such that the mean value of a unit's dispatch price is its
optimum dispatch price. Sets of dispatch fuel data are produced
which have standard deviations (rms ervor) of 0, 5, 10, 15, 20, 30,
40, and 50 percent. Figures I-1 through I-44 in Appendix I show
the results of this variation for the unit's fuel data having a
correlation factor of 0.24. Figures I-61 and I-62 allow comparison
of results of using correlation factors of 0.24, 0.75, and 0.95.

2. The use of a unit's weighted-average fuel price for its dispatch
fuel price is depicted in Figure I-45 through I-60 for the correla-
tion factor of 0.24. Figures I-63 through I-66 depict the results
of using the correlation factors of 0.24 and 0.95 between the
units' auxiliary and base fuel prices.

Assessment of Production Cost

The mathematical analysis of Section 3 gives a strategy for minimizing the finan-
cial outlay for fuel for the optimization period. In the base cases all of the
fuel purchased was consumed in the study period, but when the dispatch prices are
varied from their optimum values there were cases in which one or more (usually
less than five) units did not consume all of their base fuel. This condition
causes the inventory of fuel at the affected units to increase because the base
fuel 1is secured by must-take type contracts. Consequently, other units consume
greater amounts of fuel than in the base cases. The production cost designated as
production cost 2 (PC2) assesses the cost based on the funds which must be
expended for fuel even though some of this fuel may not be consumed in the period.
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The production cost which was designated as production cost 1 (PCl) assesses the
fuel cost based on the fuel consumed. This cost, plus a penalty for increasing
the inventory of some units and decreasing the inventory at other units, would
seem to be the most reasonable evaluation of the fuel cost for the period. If the
condition were to persist for some period of time, then transshipments of fuel
among the plants would have to be made. The penalty for the under-consumption and
over-consumption of fuel at the plants is difficult to evaluate in a generally
applicable manner. We can, however, establish upper and Tower bounds on this
penalty, since the production costs PCl and PC2 are the lower and upper bounds,
repectively, on the production cost. The increase in production cost due to
errors in the dispatch is calculated using PCl and PC2, and curves depicting both
assessments are plotted. In many cases all the base fuel at each unit is con-
sumed, making PC1 and PC2 identical.

Random Errors in the Dispatch Price

The figures of Appendix I Figures I-1 through I-36 generally show that the
percentage increase in production cost increases linearly with the rms error in
the dispatch. This differs somewhat from the two-unit cases of Section 4, which
showed a much greater sensitivity to the larger deviations in dispatch price and
very small increases in production cost due to small errors in the dispatch price.

Figures I-37 through I-40 give the curves of Figures I-1 through I-36 grouped on
only four curve sheets. The four sheets are for the four different percentages of
base fuel, namely the base fuel accounting for 50, 60, 70, and 80 percent of the
total fuel in the base case (zero rms error case).

The family of curves on each of these plots depicts the effect of the relative
prices of auxiliary and base fuels. The percentage values shown on the curves are
the percentage values by which the weighted-average auxiliary fuel price for the
system differs from the weighted-average base fuel price for the system. Gener-
ally the percentage increase in total fuel cost is greater for the higher prices
of auxiliary fuel relative to the base fuel price.

The fuel cost evaluated by means of PC2 is higher than that calculated by means of
PCl1 when the errors in the dispatch are large enough so that some units fail to
use all of their base fuel allotment. For an rms error of 10% in the dispatch
price, the increase in the fuel cost is as high as 3.3% using PC2 and 1.5% using
PC1.
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The information contained in Figures I-1 through I-40 is displayed in a different
manner in the next four graphs. These graphs, Figures 1-41 through 1-44,
illustrate the relative effect of different quantities of base fuel as a
percentage of the total fuel of the base case. There are eight curves on each
figure, representing 50, 60, 70, and 80 percent base fuel and two values of
auxiliary fuel price. In the first two graphs the fuel cost is evaluated using
PC1, and in the latter two PC2 is used.

From Figures I-41 and I-42 (PCl curves) it is seen that the greatest increase in
fuel cost occurs for the higher percentages of base fuel when the auxiliary fuel
price is higher than the base fuel price. However, when the auxiliary fuel price
is less than the base fuel price, the opposite is true in that the increase in
fuel cost is less for the higher percentage of base fuel.

When the fuel cost is evaluated using PC2, illustrated by Figures I-43 and I-44,
the increase in fuel cost is generally higher for the higher percentage of base
fuel regardless of whether the auxiliary fuel price is higher or lower than the
base fuel price.

Production costs evaluated by both PCl and PC2 tend to increase with increasing
levels of base fuel allotment when the auxiliary fuel is higher priced than the
base fuel; however, when the auxiliary fuel price is less than that of the base
fuel, production costs evaluated using PCl decrease as the base fuel allotment
increases from 50% to 80% of the total, while production costs evaluated using PC2
increase with the increasing level of base fuel allocation.

Figures I-61 and I-62 show that the correlation between the generating units' aux-
iliary and base fuel prices has very little effect on the increase in fuel cost
over the optimum when random errors in the dispatch prices are present.

The increase in fuel cost due to random errors in the dispatch price is summarized
in Table 5-4. The percentage increase in fuel cost is evaluated at the 10% rms

error level in the dispatch price.

Use of the Weighted-Average Prices

Figures I-45 through I-60 show the percentage increase in the production cost when
the unit's weighted-average fuel price is used for its dispatch price and a cor-
relation factor of 0.24 exists between the generating unit's auxiliary and base
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Table 5-4
SUMMARY OF THE RANDOM ERROR CASES

Base Fuel as Total System Auxiliary Percentage Increase 1in
a Percentage Fuel Price as X% Higher System Fuel Cost at the
of Total Fuel or Lower Than the Total 10% rms Error Level in

System Base Fuel Price the Dispatch Price

PC1 PC2

50 -30 0.5 0.5

50 -10 0.5 0.5

50 10 0.6 0.6

50 30 0.6 0.6

60 -30 0.4 0.6

60 -10 0.5 0.7

60 10 0.6 0.8

60 30 0.7 0.8

70 -30 0.2 1.1

70 -10 0.4 1.3

70 10 0.7 1.5

70 30 0. 1.7

80 -30 -0.2 1.9

80 -10 0.4 2.3

80 10 0.8 2.7

80 30 1.3 3.1




fuel prices. The effect of the correlation is depicted in Figures I-63 through
1-66.

The utility survey showed that 8 of the 11 utilities were using the weighted-
average price of fuel for the dispatch fuel price. Therefore, the effect of this
variation in the dispatch price was investigated.

As explained earlier, the weighted-average fuel price of each unit which was cal-
culated on the last iteration is used in the next iteration. The first dispatch
is made using the optimum dispatch prices, and the curves show the amount of
increase in production cost over the minimum fuel cost. Usually the dispatches
converge to the same dispatch after several iterations, but in some cases the
solutions seem to oscillate cyclically about the solution. In all cases, stable
solutions are obtained.

Again the evaluation of the production cost by means of PCl and PC2 are both
plotted. Differences in the evaluation by the two means occur when the greater
percentages of base fuel are allocated and when the auxiliary fuel price differs
increasingly from the base fuel price.

When the base fuel allocation is 50% of the total (Figures I-45 through I-48),
both PCl and PC2 show an approximate 0.6% increase in system fuel cost when the
auxilijary fuel price is 10% less than the base fuel price. The increase in system
fuel cost is approximately 0.3% and 0.2% when the auxiliary fuel prices are 10%
and 30% higher than the base fuel price, respectively.

When the base fuel allocation is 80% of the total (Figures I-57 through I-60), the
increases in production cost calculated by means of PCl and PC2 may differ widely.

For example:

80% base fuel allocation

Auxiliary fuel price is 30% less than the base fuel price.
Production cost using PCl is 1.4% less than the optimum.
Production cost using PC2 is 4.7% higher than the optimum.

Another example follows:
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80% base fuel allocation

Auxiliary fuel price is 30% higher than the base fuel price.
Production cost using PC1 is 0.6% higher than the optimum.
Production cost using PC2 is 1.8% higher than the optimum.

The production cost values are average values since this case oscillates rather
than converges.

The correlation between the generating units' auxiliary and base fuel prices has a
very significant effect on the increase in fuel cost over the optimum, as is
illustrated in Figures I-63 through I-66. In Figure I-63, the correlation factor
of 0.24 yields an increase in fuel cost of 1.1 and 0.5 percent using PC2 and PCl,
respectively. The correlation factor of 0.95 yields an increase in fuel cost of
0.2 percent using either PCl or PC2.

Table 5-5 shows a summary of the increases in system fuel cost which result from

using the weighted-average fuel prices of the generating units as the dispatch
prices.
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Table 5-5
SUMMARY OF THE WEIGHTED-AVERAGE CASES

Correlation Between Base Fuel as Total System Percentage Increase

the Generating Units' a Percentage Auxiliary Fuel in the System Fuel

Auxiliary and Base of the Total Price as X% Higher Cost

Fuel Prices Fuel or Lower Than the

Total System Base
Fuel Price PC1 PC2

0.24 50 -30 0.78 1.43
0.24 50 -10 0.62 0.76
0.24 50 10 0.33 0.33
0.24 50 30 0.20 0.20
0.24 60 10 0.45 0.45
0.24 60 30 0.27 0.27
0.24 60 -30 0.62 1.92
0.24 60 -10 0.63 1.28
0.24 70 -30 -0.32 3.21
0.24 70 -10 0.39 2.43
0.24 70 10 0.49 1.11
0.24 70 30 0.4 0.5
0.24 80 -30 -1.42 4.70
0.24 80 -10 -0.22 4.45
0.24 80 30 0.6 1.8
0.24 80 10 0.46 3.18
0.95 70 -30 0.27 1.24
0.95 70 -10 0.26 0.48
0.95 70 10 0.2 0.2
0.95 70 30 0.18 0.18
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Section 6

METHODOLOGY FOR DEVELOPING DISPATCH FUEL PRICES

Based on the mathematical analysis and the analysis by means of simulations of the
two-unit system and of the large system, the correct values of dispatch fuel price
for use in the equal-incremental-cost dispatch have been derived and verified. In
this section we develop guidelines for a methodology for obtaining these values
for a more realistic and complex fuel supply system.

Carolina Power and Light Company (CP&L) was of considerable assistance in this
portion of the analysis. CP&L has developed an innovative computer-based system
for fuel management, and it has been in use since approximately 1980. (The fuel
scheduling software developed independently for EPRI under this project, RP
1048-6, is quite similar to CP&L's.) Representatives of CP&L generously shared
their experiences and insights, and the methodology presented in this section was
largely inspired by their observations.

CP&L's fuel management system 1is quite comprehensive; it contains analytical
methods for determining fuel acquisition strategies, and it also includes con-
siderable data acquisition and data management activity regarding fuel deliveries,
inventories, etc. Our interest centers on the optimization scheme used for sched-
uling monthly fuel acquisitions. CP&L has formulated the fuel scheduling problem
as a linear program and uses a standard linear programming (LP) code to solve it.
This code, like any other LP, produces a set of dual variables (also known as sim-

piex multipliers, shadow prices, marginal values, etc.) that give considerable
information on the sensitivity of the optimal objective function value to pertur-
bations in certain constraints. CP&L analysts observed that some of these dual
variables were, in principle, eguivalent to marginal prices of fuel. They further
observed that when these dual variables are used as dispatch prices, they produce
dispatch solutions that are quite satisfactory. The analysis in this section
examines this general approach in a more rigorous way.

The CP&L fuel scheduling analysis has been duplicated at the University of Alabama
using programs available at the University of Alabama Computing Center, and numer-
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ous computation experiments have been performed. Variations on their work have ‘
been investigated.

THE METHODOLOGY
The methodology proceeds in a two-step iterative fashion as follows:

1. By means of a production costing program, establish the fuel
requirements at each plant based on the electrical load and esti-
mated incremental fuel prices.

2. By means of a linear programming (LP)-based Fuel Management Program
(FMP), determine the minimum-cost set of fuel offers from vendors.
Incremental fuel prices are produced in this process; they are the
dual variables corresponding to the plant fuel demand constraints.

If the incremental fuel price values produced in step 2 do not agree with the
estimated values, repeat the steps until agreement is reached.

THE SYSTEM

The system that was simulated for fuel scheduling consisted of 14 units at 8
plants, 11 suppliers of "take-or-pay" contract fuels, and 7 spot-market fuel sup-
pliers.

Generating Units and Plants

Particulars of the generating units and the location of the plant where they are
located are given in Table 6-1. The incremental fuel price values are estimated
values at this point in the analysis. (In this fortuitous instance these values
are good estimates, since it turns out that they agree with the values produced by
the LP analysis.)

CONCLUSIONS

The conclusions reached on the methodology for determining the incremental fuel
prices can be summarized as follows:

) A linear programming-based fuel management program is an excellent
tool for selecting the set of offers to supply the given fuel
demands at each plant.

. As a bonus the linear programming algorithm produces the values of
incremental fuel prices which may be used in an equal-lambda eco-
nomic dispatch (for real-time and study purposes).

) A production costing program (which uses the incremental fuel price
values from the LP) is used in conjunction with the linear program-
ming algorithm in order to establish the demand for fuel at each ‘
plant. Iterations between the two programs may be required.
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Table 6-1
GENERATING UNIT DATA

Unit Plant Heat Rate Coefficients Rating Incremental Fuel
No. a b c (MW) Price ($/MBtu)
1 PLANT 1 139.809 7.399 .0049 200 1.52

2 PLANT 1 139.809 7.399 .0049 200 1.52

3 PLANT 2 99.807 7.924 .00748 140 1.64

4 PLANT 2 100.0 7.96 .005 170 1.64

5 PLANT 3 210.387 5.529 .00277 250 1.66

6 PLANT 4 100.0 7.96 .0065 175 1.66

7 PLANT 5 269.179 7.548 .00389 385 1.51

8 PLANT 5 550.613 7.772 .00126 670 1.51

9 PLANT 5 550.613 7.772 .00126 650 1.51

10 PLANT 6 550.613 7.8 .00146 670 1.51

11 PLANT 7 128.552 7.068 .02277 97 1.67

12 PLANT 7 128.552 7.068 .02277 106 1.67

13 PLANT 7 269.179 7.189 .00371 385 1.67

14 PLANT 8 100.0 7.96 .005 185 1.67
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Load

This series of simulations deals with the annual fuel scheduling for the system,

and hence an annual load-duration curve is used. Table 6-2 gives the Toad data

for the thermal units including the effect of sales.

LOAD-DURATION INTERVALS FOR THE ANNUAL SYSTEM LOAD

Table 6-2

Load Duration Electrical Energy
(MW) (hours) (MWh)

4000 440 1 760 000

3250 680 2 210 000

2500 1100 2 750 000

2400 1700 4 080 000

2200 1950 4 290 000

1900 2430 4 617 000

1700 460 782 000
TOTALS 8760 20 489 000
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‘ FUEL REQUIREMENTS

Using the system and load as previously described, the Production Cost Program
produced the fuel requirements at each plant as shown in Table 6-3.

Table 6-3
FUEL REQUIREMENTS AT THE PLANTS

Plant Fuel Requirement
(MBtu)
PLANT 1 23 198 346
PLANT 2 9 624 901
PLANT 3 15 468 075
PLANT 4 5 135 299
PLANT 5 89 895 307
PLANT 6 32 856 999
PLANT 7 18 380 252
PLANT 8 5 286 248
TOTAL 199 845 427
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FUEL SUPPLIERS

There are 11 suppliers of contract fuel. The take-or-pay fuel quantities are
given in Table 6-4. In addition, each plant except PLANT 6, which is required to
burn compliance fuel, has a spot-market supplier. Table 6-5 gives the prices of
fuel from the vendors. Prices are FOB at the plant. It is assumed that there are
sufficient quantities of spot-market fuel to meet all the requirements. There-
fore, the model puts no limit on the quantity of the spot-market fuels.

Table 6-4
FUEL CONTRACTS WITH VENDORS

Plant Fuel Quantity
(GBtu)
VEND 1 14 400
VEND 2 1 380
VEND 3 34 776
VEND 4 2 280
VEND 5 16 395
VEND 6 7 296
VEND 7 22 800
VEND 8 5 664
VEND 9 17 591
VEND 10 2 304
VEND 11 28 750
TOTAL 153 636
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DELIVERED FUEL PRICE AT THE PLANTS

Table 6-5

Vendor Plant Cost($/MBtu) Vendor Plant Cost($/MBtu)
VEND 1 PLANT 1 1.53 VEND 3 PLANT 5 1.40
R " 1.51 "4 " 1.57
"8 " 1.60 "5 " 1.83
" 10 " 1.62 v 7 " 1.87
SPOT 1 " 1.53 "9 " 1.81
VEND 4 PLANT 2 1.71 " o111 " 1.52
"6 " 1.63 SPOT 5 " 1.51
"7 " 2.06 VEND 9 PLANT 6 1.81
"8 " 1.71 v 7 " 1.87
"9 " 2.00 "5 " 1.83
" 10 " 1.74 "4 PLANT 7 1.74
o1l " 1.71 "6 " 1.66
SPOT 2 " 1.64 "7 " 2.09
VEND 4 PLANT 3 1.73 "8 " 1.74
"6 " 1.67 "9 " 2.03
"7 " 2.08 " 10 " 1.77
"8 " 1.75 11 " 1.74
"9 " 2.02 SPOT 7 " 1.67
* 10 " 1.78 VEND 4 PLANT 8 1.74
v 11 " 1.73 "6 " 1.66
SPOT 3 " 1.66 "7 " 2.09
VEND 2 PLANT 4 1.68 "8 " 1.74
"4 " 1.72 "9 " 2.03
"6 " 1.65 " 10 " 1.77
"7 " 2.08 o111 " 1.74
"8 " 1.73 SPOT 8 " 1.67
"9 " 2.02
" 10 " 1.76
v o1 " 1.73
SPOT 4 " 1.66




OPTIMAL FUEL SCHEDULING ‘

The FMP produced the optimal fuel purchases given in Table 6-6. Constraints on
the quantity of fuel available from each vendor are satisfied, and the total fuel
allocation matches the fuel requirements as evaluated by means of the Production
Costing Program. Only the nonzero transactions are shown in Table 6-6. A number
of fuel offers are not taken in the optimal solution, and these zero transactions
are not shown.

Table 6-6
OPTIMAL FUEL PROCUREMENTS

Fuel Quantity

Vendor Plant (MBtu)

VEND 1 PLANT 1 14 400 000
VEND 6 PLANT 1 7 296 000
VEND 10 PLANT 1 1 502 346
SPOT 2 PLANT 2 9 624 901
SPOT 3 PLANT 3 15 468 075
VEND 2 PLANT 4 1 380 000
SPOT 4 PLANT 4 3 755 298
VEND 3 PLANT 5 34 776 000
VEND 4 PLANT 5 2 280 000
VEND 5 PLANT 5 1 129 001
VEND 7 PLANT 5 22 800 000
VEND 11 PLANT 5 28 750 000
SPOT 5 PLANT 5 160 306
VEND 5 PLANT 6 15 265 999
VEND 9 PLANT 6 17 591 000
VEND 8 PLANT 7 377 752
VEND 10 PLANT 7 801 654
SPOT 7 PLANT 7 17 200 846
VEND 8 PLANT 8 5 286 248

TOTAL 199 845 426




INCREMENTAL FUEL PRICE

The values of the incremental fuel prices produced by the linear program are given
in Table 6-1. From Table 6-5 it is seen that the incremental fuel prices for
Plants 2, 3, 4, 5, 7, and 8 are the spot-market prices FOB the plant. However,
this is not the case for PLANT 1 and PLANT 6.

Incremental Fuel Price at PLANT 1

Figure 6-1 illustrates the incremental fuel price at PLANT 1. The cost is calcu-
lated for an increase in demand of 1 MBtu at PLANT 1. The original optimal flows
are shown in Figure 6-1(a), and the new optimal flows which result from the
increased demand are shown in Figure 6-1(b). The prices for the paths are also
shown. The flows in all the other paths do not change; therefore, they are not
shown in the figure. The incremental cost is the result of the following:

Increase of 1 MBtu from VEND 10 to PLANT 1 = § 1.62
Decrease of 1 MBtu from VEND 10 to PLANT 7 = $-1.77
Increase of 1 MBtu from SPOT 7 to PLANT 7 = § 1.67

Net Cost = Incremental Cost = $1.52

It is noted from Table 6-6 that no fuel from SPOT 1 (price of $1.53) is allocated
by the optimal solution at this load level. The total fuel cost also shows an
increase of $1.52 for the 1 MBtu increased demand at PLANT 1.

Incremental Fuel Price at PLANT 6

The incremental fuel price at PLANT 6 also comes about through a circuitous pat-
tern. Figure 6-2 illustrates the circumstances. PLANT 6 is required to burn com-
pliance fuel and does not have a spot-market supplier. Figure 6-2(a) gives the
original optimal flows and part (b) of the figure gives the optimal flows which
result from an increased demand of 1 MBtu at PLANT 6. The incremental cost is the
result of the following changes:

Increase 1 MBtu from VEND 5 to PLANT 6 = $ 1.83
Decrease 1 MBtu from VEND 5 to PLANT 5 = $-1.83
Increase 1 MBtu from SPOT 5 to PLANT 5 = § 1.51

Net Cost = Incremental Cost = $1.51
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(a)

(b)

SPOT 1

337 752 > PLANT 7

$1.74

Original Fuel Flows

SPOT 1
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PLANT 7
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Fuel Flows with Increased Demand

Figure 6-1. Increased Demand at PLANT 1
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(a)

(b)

Original Fuel Flows

(+1 MBtu) L
( VEND 5 ] $1.83 '

Fuel Flows with Increased Demand

Figure 6-2. Increased Demand at PLANT 6




Thus the incremental fuel price at PLANT 6 is $1.51/MBtu, considerably less than
the compliance fuel price of $1.83/MBtu, which may appear to be the incremental
price if the LP analysis were not performed.

Verification of Optimality

A number of runs using the Production Costing program were made using dispatch
fuel prices for the generating units which differed from the incremental prices
produced by the FMP. The overall production costs in these cases were always
higher than the base case. Dispatch fuel prices, which intuitively would appear
to be likely candidates for incremental price values (e.g., spot-market price at
PLANT 1), were tried.

FLEXIBILITY IN FUEL SCHEDULING

Since the fuel management procedures must look into the future, data on the amount
of fuel required may be somewhat in error. The FMP can be used to evaluate the
range of fuel requirements over which the incremental fuel prices do not change.

| Actually the fuel flows produced by the LP, while optimal, are not necessarily a
unique solution since there are often a number of alternate solutions. So long as
there exists marginal cost values which are equal to zero for shipments from any
source (vendor) to any plant, then alternate optimal solutions will exist.
Depending on the order in which the vendors and plants are processed, different
solutions may be found by the linear programming code.

The analysis shown in this section is based on a single time period (1 year)
within which fuel demands must be met. At CP&L, a single time period model
(covering 1 month) is used to determine fuel purchases and shipments. Inventory
plays a major role in neither of these approaches. Considerable flexibility is
gained when one looks at the problem as a series of time periods, where inventory
levels can be actively scheduled within allowable limits.

The case was analyzed wherein the total system fuel requirement was increased or
decreased by certain percentages of the base case. The system change was accom-
plished by changing each plant requirement by the given percentage. For the case
which was simulated in this analysis, the total system fuel requirement could be
increased by approximately 3.5% without changing any of the incremental fuel
prices at the plants. PLANT 1 was the critical plant with its incremental price
increasing to $1.53/MBtu (the price of its spot-market fuel supply). When the
total system fuel requirement was reduced by amounts greater than approximately
1.5%, the incremental fuel price at PLANT 5 changed to $1.45/MBtu.

6-12
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No generalizations can be made regarding the percentage change that will cause the
plant incremental prices to change from their base-case values. In other cases
analyzed, increased requirements of nearly 35% were experienced before any plant
incremental prices changed from their base-case values. However, the FMP can
evaluate the range over which the incremental prices do not change.
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This research has been directed toward developing economic dispatch fuel price
strategies for the conditions where the fuel available to a given generating unit
may have a number of different sources,
straints.

The main result of this research

Section 7

RESULTS AND CONCLUSIONS

A survey of electric utilities revealed that there exist wide dif-
ferences in the practice of setting economic dispatch fuel prices.

A mathematical derivation of the optimal dispatch fuel prices has
been obtained. This shows that the incremental fuel price yields
minimum fuel cost for the optimization period.

Simutlations of a small system and of a large system were performed,
and the simulations verify the mathematical results.

Sensitivities of the system fuel cost to deviations from the opti-
mal dispatch fuel prices were obtained by means of the simulations.
Fuel cost increases of .5% to 1% over the minimum cost due to the
dispatch fuel pricings practices of 75% of the electric utilities
surveyed are typical.

The conclusions drawn from this work are:

A linear programming-based fuel management program will not only
select the optimal set of fuel offers from vendors but will also
produce as a by-product the incremental fuel prices at each plant.

A production costing program using the estimated load and estimated
incremental fuel prices may be used to establish the demand for
fuel for each plant for the optimization period.

Iterations between the fuel management program and the production
costing program may be necessary in order to reach agreement
between the estimated incremental fuel prices and the values which
result from the fuel management program.

The estimated load should include the total thermal Tload including
estimated sales.

7-1

each with different prices and con-

is the mathematical analysis establishing the
optimality of the incremental fuel price for dispatch purposes in the multi-fuel
supply case. Other results include the following:



° The optimization period should extend into the future as far as
reasonable estimates can be made. For example, an optimization
based on a 1l-month period may produce an aberration in the incre-
mental fuel price at a given plant.

] The inventorying of fuel should be included in the fuel management
process.

° Additional expenditures for fuel due to the lack of an optimized
procedure for fuel procurement and management can significantly
exceed the 0.5% to 1% additional cost due to dispatch fuel price
errors. Of course, the amount of additional expenditures will
depend on how effective the present fuel management process is.

The dispatch fuel pricing strategies are intimately related to the fuel management

process. Thus the minute-by-minute on-line economic dispatch and monthly, yearly,
and even longer term fuel management processes are inseparable.
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Appendix A
GENERATING UNIT NAME DATA

This appendix gives a complete set of Generating Unit Name Data. The data appear
in the following format:

Column 1 Line number

Column 2 Data type

Column 3 Unit identification number
Column 4 Unit name

Column 5 Type of unit

Column 6 Entry point number

Column 7 Station number

Column 8 Priority of the unit
Column 9 Type of fuel used by unit
Column 10 Maximum generation (MW)
Column 11  Minimum generation (MW)

A-1




WDATA'L DATAZ,
DATA 9R1 SL7479 01/06/82 16:05:31 (1)

¢V

1, CoL., COL, CoOL. CotL. COL, COL. COL. COL. COoL. coL.,
2 2 3 4 5 6 7 8 9 10 11
a, AR AR AR R OROR RO AR o A K R A A RO SR o o 8o o o o o ok AR R R R ok kR
4, 2 1 STEAMAQ3 1 57 57 6 1 95,00 18,60
Se 2 2 STEAMBO} 1 3 3 11 1 42,80 18,60
6 2 3 STEAMBO2 1 3 3 17 1 42,80 41.90
Te 2 4 STEAMBO3 1 3 3 12 1 42,80 18,60
8. 2 S STEAMBO4 1 3 3 13 1 42,80 18,60
9, 2 6 STEAMCO% 1 4 4 1 1 52.30 27.90
10, 2 7 STEAMCO2 1 4 4 2 1 80.80 37.20
i1, 2 8 STEAMDO1 1 32 32 9 1 42,80 18,60
12, 2 9 STEAMDQ2 1 32 32 10 1 42,80 18,60
13, 2 10 STEAMEO} 1 5 5 63 1 156.80 69.80
14, 2 11 STEAMEQ?2 1 5 5 62 1 185,30 69,80
15, 2 12 STEAMFO1 1 6 6 20 1 23,80 9,30
16, 2 13 STEAMFO?2 1 6 6 21 1 23,80 9,30
17. 2 14 STEAMFO3 1 6 6 66 1 152,00 51.20
18, 2 15 STEAMGO} 1 8 8 36 1 104,50 41,90
19, 2 16 STEAMGQ?2 1 8 8 38 1 95,00 65,10
20, 2 17 STEAMGO3 1 8 8 37 1 104,50 41,90
21, 2 18 STEAMHOL 1 33 33 19 1 57,00 14,00
22, 2 19 STEAMHO2 1 33 33 22 1 57.00 14,00
23, 2 20 STEAMHO3 1 33 33 75 1 61,80 14,00
24, 2 21 STEAMHO4 1 33 33 76 1 61,80 14,00
25, 2 22 STEAMJO1 1 9 9 54 1 247,00 102,30
26, 2 23 STEAMJO2 1 9 9 55 1 247.00 102.30
27, 2 24 STEAMGOY 1 34 34 o4 1 133,00 51,20
28, 2 25 STEAMGOS 1 34 34 65 1 133,00 51.2¢0
29 2 26 STEAMKO1 1 10 10 72 1 104,50 41,90
30, 2 27 STEAMKO2 1 10 10 73 1 104,50 41,90
31 2 28 STEAMKO3 1 10 10 74 1 104,50 41,90
32 2 29 STEAMKO4 1 10 190 49 1 475,00 209.30
33. 2 30 STEAMLO} 1 11 1 7 1 66,50 23.30
34, 2 31 STEAMLOZ2 1 11 11 8 1 66,50 23430
359 2 32 STEAMMQ2 1 12 12 18 1 57.00 27490
36 2 33 STEAMMO3 1 12 12 25 1 61,80 27,90
37, 2 34 STEAMMQ4 1 12 12 26 1 109,30 41,90




£-v

38,
39,
40.
41.
42,
43.
L4y,
ud,
L6,
47,
48,
49,
50
51,
52
53,
5S4,
55,
56,
57«
58,
59,
60,
61,
62,
63,
64,
65
66,
67
68,
69,
70,
1.
72,
73,
T4,
75,
76.

ANRNKNRANRRNNANAUNNRNRKNRNNNRARNINRNRARNRNRAMOMDNONNRNNNANRNRANRNAONNRNRNRRRRNRN

STEAMMOS
STEAMMQ6
ST1EAMMO6
STEAMNO1
STEAMNO2
STEAMPOY
STEAMQ@O1
STEAMQO2
STEAMQQ3
STEAMMOS
STEAMRO2
STEAMRO}
STEAMRO3
STEAMSO01
STEAMSO2
STEAMSO03
STEAMTO}

'STEAMTO02

STEAMTO3
STEAMTO4
STEAMTO0S
STEAMTO6
STEAMUO1
STEAMUO2
STEAMUO3
STEAMUOY
STEAMVO1
STEAMVO2
STEAMWO1
STEAMWO2
STEAMW(3
STEAMWO4
STEAMROY
STEAMRO2
STEAMXO1
STEAMX02
STEAMX03
STEAMXO04
STEAMTO7

L e e el e e o e all al al l l  l nl al el el el el el N

el o I e e e e e e el o o Tl o O e e e e e R e ol ol i e

109,30
166.30
175,80
256,50
256,50
47,50
23,80
23,80
23,80
684,00
133,00
133,00
247.00
42,80
38,00
38,00
23,80
23.80
33,30
85,50
85,50
332.50
80,80
80.80
109,30
247,00
684,00
684,00
256,50
256,450
256,50
256,50
361,00
684,00
256,50
308,80
475,00
494,00
475,00

41,90
46,50
46,50
102,30
102,30
14,00
4,70
4,70
4,70
325,50
37.20
37,20
83.70
18,60
18,60
18,60
4,70
4,70
14,00
37.20
37.20
93,00
27.90
27.90
27.90
T4.40
325450
329,50
69.80
69,80
69,80
69,80
130.20
325.50
93,00
111.60
139,50
111,60
186,00



bv-v

77,
78.
79
80,
81,
B2
83,
84,
85,
86,
87,
88,
89,
90
91,
92
93,
94,
95,
96,
97
98,
99.
100,
101,
102,
1035,
104,
105,
106.
107,
106,
109,
110,
111,
112,
113,
114,
115,

ARRNNRNRNRKRAUNRNRNRNRNRARNRRNNENNNNNRNRRNNONNRNRNRNMDNNDRNNNRNNNN

108
109
110
111
112

STEAMVODS
STEAMPO2
STEAMVO3
STEAMWOS
STEAMGO6
STEAMGO7
NUKEAO1L
CTURB

CTURSB

CTURB

CTURS

CTURH

CTURSB

CTURY

CTURH

CTURB

CTUREB 10
CTURB 11
CTURB 12
CTURH 13
CTURB 1y
CTURB 15
CTURB 16
CTURB 17
CTURB 18
CTURH 19
CTURE 2p
CTURB 21
CTURB 22
CTURB 23
HYDROOO1
HYDRO0D02
HYDROUO1
HYDROOO4
HYDROO0OS
HYDROUOO6
HYDRO007
HYDROOOS
HYDROO09

WOENOMNEGN=

FEEFEFFEFFEFEODOPNODNNONPONOONONNNNONNONNONNNNONNN = e e

GOLGOLWLODGHUONNNNNRNONNNNRNI E - e -

475,00
47,50
874,00
874,00
332,50
332.50
760,00
60,00
50,00
30.00
80,00
40,00
50,00
50,00
50,00
80,00
40,00
40,00
40,00
20,00
40,00
80,00
100.00
100,00
50.00
50,00
120,00
120,00
60.00
60,00
81.00
78,00
144,00
578,00
249,00
200,00
92,00
174,00
191,00

186.00
14,00
279.00
279,00
139,50
139,50
204,60
«00
«00

« 00
«00
«00
«00
«Q0
00
«00
«00
10.00
10.00
10,00
10,00
10,00
10.00
10.00
10.00
10,00
10,00
10,00
10,00
10.00




G-v

116,
117,
118,
119,
120,
121.
122
125,
124
125,
126,
127.
128,
129,
130,
131,
132,
133,
134,
135.
136,
137,
138,
139,
140.
141,
142
143
144,
145,
146,
147,
148,
149,
150,
151,
END DATA,

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
47
148
ERRORS: NONE,

ANRNMARKNNMARNRNNRNRRKRNNRENNRNRNNRNNNNRNNNMONNRNRNRNNMNDNAORRNNNRNNN NN

HYDROO10
HYDROO11
HYDROO12
HYDROO13
HYDROO14
HYDROO15
HYDROO16
HYDROQ17
T10001
TIEQOR
T1EQOQ3
TIEQOUW
TIEOO0S
T1E006
TIEQO7
TIEQ08
TIEO009
TIEO10
TIEO11
TIiEOl2
TIEU13
TIEO1l4
TIEO015
TIEGl6
TIEO17
TIEO18
TIEO19
T1E020
TiEO21
PSHYDRG1
PSHYDRO2
PSHYDRO3
PSHYDRO4&
PSHYDROS
PSHYDRO6
PSHYDRO7

CGOULOLLULOLOLUMMUULOUMOOOVMLRNUINOONNROOVNUONEFFFESEFEFEFEE

51

TIME: 1.887 SEce

17

33
35

27

59
59
59
59
60
60
60

IMAGE COUNT

7
6
5
4
3
2
1
N

191

45,00

6.00
10,00
10,00
10.00
10.00
10,00
10,00

120.
120.
120,
120,
120,
120,
120,

50.
50,
50.
50.
50,
50
50.



Appendix B
GENERATING UNIT PERFORMANCE DATA

This appendix gives a complete set of Generating Unit Performance Data. The data
appear in the following format:

Column 1 Line number

Column 2 Data type

Column 3 Unit number

Column 4 Constant of heat rate equation

Column 5 Linear coefficient of heat rate equation
Column 6 Quadratic coefficient of heat rate equation
Column 7 Minimum up-time (h)

Column 8 Minimum down-time (h)

B-1



WDATArLL UATA3,

DATA 9R1 SL74TY 01706782 16:05:i41 (1)

1,
2o
S
G
Se

27,
28,
29
30,
31,
32
33.
34,
35,
360
37

CoL. COL,
2 3

coL.
7

coL.
8

K0 3 A KK KK K AR O R OK o oK o R oK oK K KK KR g oo B oK oKk ok K ok ok ok kK

CONCONEGN =

10
11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

29
30
31
32
33
34

GORGRWOHLLOLBLLLOLGOLBLGULULOOLBGOL LD OLUGBGOCGOCGOLH UL LWL O LW

CoL. Cole coL.
4 5 6
100,000 4,950 +06000
104,289 5.650 09476
104 .289 5,650 .09476
82,097 6,972 ,07192
82.097 6.972 .07192
464012 84389 . 04096
81.750 7.050 .01610
32,242 9,307 .02433
320242 9,307 «02433
110.625 7,603 ,00767
139.809 7.550 .00500
404345 8,618 .08979
400345 8.618 . 08979
185,107 6.781 ,01029
1284552 7.068 . 02277
1284552 7,068 .02277
128,552 7.068 .02277
147,772 9,069 ,06211
1064994 84772 + 06795
1044900 7.957 , 04234
1044900 7.957 L04234
1554333 7.572 00395
1554333 7.572 .00395
99,807 7.924 .00748
99.807 7.924 00748
114.769 7.304 «01409
114,769 7.304 ,01409
114,769 7.304 .01409
3604380 7.774 .00136
574790 9,039 .02364
574790 9,039 02363
102.761 9,439 . 04400
62.766 8.861 02590
67.609 9,422 .00875
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K1- 1
39,
40,
41.
42
43,
44,
45,
46,
47,
48,
49,
H0 e
51,
b2
b3
b4,
5b.
H60
57
98,
59,
60
ble
62
603
64,
65
660
67
68,
69
704
Tl
T2
73,
T4
75,
76

OGO BGLOLOLBGLOLLLLLLLUULOLLWOWWOLGOLGOUOGOOWLU GO OGLD W G WL O

67.609
100,000
100.000
202.124
2024124

33.252

H58.862

58.862

58.862
5504613

98.158

98.158
167.979

36900

36900

48.600

254512

25.512

374177
129.750
129.750
269,179

60,000

60,000
1054397
210.387
H28.766
628476
218.401%
2184401
218.401
218.401
254939
550.6013
192.263
216621
369,091
329,425
387.117

9.422
7.960
7.960
T.661
T.661
10.581
5,664
5,664
b.664
7.402
8,020
8.020
7.786
10.020
10,020
9,000
10,355
10,355
9,708
5.608
5.608
7.189
8,410
8e410
8,269
71.373
8.201
7.761
7.283
7.283
7.283
7,283
T.476
Tey02
7.746
Te341
7,391
7.322
8.246

00875
«00500
«00500
+ 00253
00253
01717
«20023
20023
020023
«00120
«00b28
+ 00528
00307
«02400
« 02400
«03200
06103
« 06103
04322
« 03065
«03065
« 00371
01070
«01070
«00475
« 00369
«00030
200071
«00351
« 00351
«00351
«00351
+00275
«00120
« 00246
«00301
00185
+00212
+ 00069

NN

N N
PR EFEFCTOROPPRPEITRFOOFOOIDFFOO®

NN

N o
PO EFOPOIODEP RO FODFOTO®FFEOEO®



T7.
78,
79
80.
81,
82,
83
BU .
85,
86.
87
88,
89,
90,
91,
92
93.
94,
9H,
96,
97.
98 .
99,
100.
101,
102,
103,
104,
105,
106,
END DATA,

Cr O G G O o O O (o v G O OO OO O O (O OO

ERRORS

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
NONE ,

398.457
33252
849.850
849,850
332764
332764
995.963
10,

10.

10,

10.

10,

10,

10,

10.

10,

10,

lu,

10.

10,

10,

19,

10,

10,

10,

19,

10,

10,

10,

19,

7.487
10.581
Te473
Telt73
6.601
6.601
8.925

10,
10.
10,
10.
10,
10.
10,
10.
10,
10.
10,
10.
10,
10.
10,
10,
10,
10,
10,
10,
10.
10,
10,

TIME: 1.574 SEC.
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«00190
01717
00080
00080
« 00500
« 00500
« 00049

IMAGE COUNT:

106
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This appendix gives a complete set of Generating Unit Fuel Data.

Appendix C
GENERATING UNIT FUEL DATA

in the following format:

Column
Column
Column
Column
Column
Column
Column
Column

00 N O 0w N e

Line number

Data type

Unit number

Base fuel price ($/MBtu)
Dispatch price ($/MBtu)

Cost of cold start ($)
Auxiliary fuel price ($/MBtu)
Base fuel allocation (MBtu)

c-1

The data appear



WDATA!L DATAG1L.

UATA 9R1 SL747T9 01/706/82 16:05:52 (1)

1.

2e

Se

Y

O

6.

7o

-1

9
10,
11,
12,
13,
14,
15,
16,
17,
18,
19.
20
21
22
23
24,
29,
26
27
28
29
30,
31
32
33,
344
39
36
37

COL, COLs  COL. coL. CoL. coL. CoL.
2 3 4 5 6 7 8

oK oK 3 o o o o ok o K oo o K o Ok koK ok 3K K o o K oK o e o K ok K o ok o K o ok oK K K K
4 1 2.2500 1.5000 237.0 1,5000 2075%6.
Y 2 2,0000 145500 245,0 1,5500 129915,
4 3 2.0000 145500 25,0 1,5500 255723,
4 4 2,0000 1.5500 245,0 1,5500 126143,
4 5 2,0000 15500 245,0 1.5500 126143,
4 6 243000 1.5500 250,0 1,5500 169090,
4 7 2.3000 1.5500 292.0 1.5500 337482,
4 8 2,2500 15500 245.0 1.5500 109700,
4 9 2,2500 1.5500 245,0 1,500 109699,
4 10 1.5000 145500 367.0 1.5500 419523,
4 11 1.5000 1.5500 393.0 1,5500 582301,
4 12 1.6000 145500 222.0 1,5500 65176,
4 13 1.6000 1.5500 222.0 1,5500 65176,
4 14 1.6000 145500 367.0 1.5500 Do
4 15 149500 1.5500 315,0 1,5500 265494,
4 16 1.5500 1.5500 315,0 1,5500 354698,
4 17 1.5500 145500 315,0 1,5500 265494,
4 18 1.3000 145500 267.0 1,5500 147624,
4 19 1.3000 1.5500 267.0 1,5500 300022,
4 20 1.3000 145500 267.0 1.,5500 132126,
4 21 1.3000 1.5500 267.0 1,5500 132126,
4 22 2.0000 145500 452,0 1.5500 821465,
4 23 2.0000 1.5500 452,0 1.5500 821463,
4 24 1.5500 15500 346,0 1,5500 0o
4 25 1.5500 1.5500 346,0 1,5500 351027,
4 26 1.3000 145500 312,0 1,5500 300040,
4 27 1.3000 1.5500 312,0 1,5500 0,
4 28 1.3000 145500 312.0 1,5500 300040,
4 29 1.3000 1.5500 627.0 1.5500 1740517,
4 30 2.2500 1.5000 273.0 1.5000 149283,
¢ 31 2,2500 145000 273,0 1,5000 149290,
4 32 1.6000 1.5000 260.0 1,5000 201781,
4 33 1.6000 1.5000 267.0 1.5000 166395,
4 34 1.6000 1.5000 317.0 1.5000 240787,

c-2



38,
39,
40
41.
42,
43,
4y,
45,
46,
/.
4B
49,
50
51
52
55
54,
55
56.
57
58
59,
60
61l
62
63,
64,
65
66,
67.
o8,
6Y.
70
71.
T2
73,
74
75
76,

E P P EF F FF FFFFFF P F PP EFEETEFrFEFFEFPFrEFEEFrFFEFEEsSEFEF*s

1.6000
1.,6000
1.6000
1,8000
1.8000
2,0000
202500
242500
2.2500
1.6000
1,8000
1.8000
1.8000
2.0500
2.0500
2.0500
1,6000
1,6000
1,6000
1.8000
1.8000
1.8000
1,6500
1,6500
1,6500
1,8000
1.5000
1,%000
1,9000
1.9000
1.9000
1.9000
1.6000
1.6000
1.,9000
1.5000
1.5000
1.5000
2.,0000

15000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
15000
1.5000
1.5000
19000
1.9000
1.9000
1.7000
1.7000
1.7000
1.7000
1.7000
1,7000
1.6000
1.6000
1.6000
1.6000
1.5500
1.5500
1.5500
1.5500
15500
1.5500
1.5000
1.5000
15500
1.5500
1.5500
1.5500
1.,7000

c-3

317.0
377.0
392.0
465,0
468,0
245,0
217,0
217.0
217.0
737.0
344,0
344,0
444,0
242.0
242,90
247,0
217,0
217.0
232.0
287.0
287,0
506,0
285,0
285.0
322.0
447,0
736,0
736.,0
453.0
453,0
453.0
453.0
533.0
737,0
467.0
522,0
625,0
631.0
627.0

1.5000
1.5000
1.5000
1,5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.5000
1.,5000
1.5000
1.9000
1.9000
1.,9000
1,7000
1.7000
1.7000
1.7000
1.,7000
1,7¢000
1.,6000
1,6000
1.6000
1,6000
1,5500
1.,5500
1.,5500
1.5500
1.5500
1.5500
1.5000
1.5000
1.5500
1,5500
1,5500
1.5500
1.,7000

240787,
368684,
371261,
1072345,
1072357,
93115,
61848,
618u8,
61848,
2726491,
353304,
353277,
758891,
116714,
124438,
li4444,
38067,
38067,
91506,
205373,
205370,
6034U1.
152696,
152696,
185241,
632071,
3003036,
2940215,
887835,
887834,
887832.
887832,
1098005,
2579973,
1013911,
1155055,
1819656,
1722273,
102642b,




77
78,
79,
80.
81,
82
83,
8B4 .
85
86,
87,
88,
89,
90.
91,
92.
Y3,
94,
95,
96,
97,
98,
99,
100,
101.
102,
103,
104,
105,
106,

END DATA,

E P E P EEEFFEFEEFEEEEFEEEEEETEEETEESTSE

ERRORS ¢

103

NONE,

TIME:

1,8000
1,6000
1.5000
1.9000
1.9500
1.5500
1.0000
2.70
270
270
2.70
2.70
270
2.70
270
2,70
2470
270
2,70
2.70
2.70
2¢70
2,70
2.70
2.70
2,70
2.70
2.70
2,70
2.70

1.6000
1.6000
1.5500
1.5000
15500
1.5500
1.0000

1¢543 SEC»

627,0
245,0
600.0
600,0
600.0
600.,0
6000.0
100,
100,
100,
100,
100,
100,
100,
100,
100,
100,
100,
100.
100,
100,
100,
100,
100,
100,
100,
100,
100.
100,
100,
IMAGE COUNT:

1,6000
1,6000
1,5500
1,5000
1,55%00
1.5500
1.0000

106

1134288,

93115,
3629817,
3791548,
10798%6.
1079897,
4063241.




Appendix D
TIE LINE DATA

This appendix gives a complete set of Tie Line Data. The data appear
following format:

Column
Column
Column
Column
Column
Column

S AW N

Line number

Data type

Identification number of company

Name of company

Prescheduled interchange fraction

Flag indicating that distribution factors follow

(Tie Line Distribution Factors are entered following the head card above.)

D-1

in the



¢-a

WDATAr. DATAGZ2.

DATA 9R1 SL74T9 01/06/82 16:06:04 (1)
CoL. COL. CoL.

1.
20
3

15,
16,
17,
18,
19,
20,
21,
22
23,

END DATA,

2 3 4

AR AR A o Ak KK AR KK K oK o ok R o KR K KK ok

5 501 WEST

3 + 05
«05 e 056
O 0,

b 502 NORTH
0 396 + 069
02 «077
0. 0.

5 503 Nt
253 « 039
e 047 23
o, 0,

5 504 EAST
0185 0028
« 062 0177
0. U.

5 505 SOUTH

178 707
ERRORS: NONE., TIME:

0038
e 028
O

044
«038
0.

0022
« 093
(U

e015

218
O,

+«098

1198 SEC.

cOoL. COL.,
5 6
.“ 1.
0. «03¢
«01 2
Qe O
2 1.
O e 042
«015 103
0. O
2 1,
O 03
« 041 «087
Oe (118
o1 1.
Q. 026
072 «UB1
O 0.
o1 1.,
017 O

IMAGE COUNT: 23

. 019
o1

« 027
s 044

«03
035

02
032

«032
« 024

« 043
« 022

« 031
«017

«028
«016

« 04
0022

041
019

« 031
«014

27
s 013



Appendix E
MANUAL SCHEDULE DATA

This appendix gives a complete set of Manual Schedule Data. The data appear in
the following format:

Column 1 Line number

Column 2 Data type

Column 3 Unit number

Column 4 First interval of the period of manual scheduling
Column 5 Last interval of the period of manual scheduling
Column 6 Status of unit

Column 7 Fixed power generation

E-1



WDATA'L DATAG3, .
DATA 9R1 SL74T9 01/06/82 16:06:16 (1)

1. CoL. COL. Col. coL, COL. coL.
2. 2 3 4 5 6 7
Se 3 K R K K K o o o R o o o o K ok o o o o o K ok o o oK KOk
4., 7 27 =1

D 7 14 -1

6. 4 24 -1

T 7 1 1

8, 7 3 1

G 7 6 1

10, 7 19 2 42
11. 4 31 1

12, 7 43 1

13. 7 49 2 20
14, 7 104 1 2 1 80
15, 7 109 1 2 1 140
16, 7 108 1 1 1 250
17. 7 107 1 2 1 600

END DATA, ERRORS: NONE, TIME: 1.161 SEC. IMAGE COUNT: 17

E-2



Appendix F
BNO CONSTANT DATA

This appendix gives a complete set of BNO Constant Data which is used in calculat-
ing transmission loss. The data appear in the following format:

Joo
[V}

Column 1 2 3 4 3 6 7
Line number BOl 802 BO3 BO4 B05 BOG BO7 808
809 Bolo BOl 1 - - - - -

BO5; BOgg - - - - - BOg4

F-1




¢-4

WOATA![. DATAL10,
ODATA 9R1 SL747T9

1.

2o

Se

4,

De

6o

T

8,

9,

10,

11.

ENQO DATA, ERRORS:

01/06/82 16:06:31

(1)

CoL. COL. COL» CoL. COL. CoL. CoL.» COL.,
2 ) 4 5 6 7 8 9
Ao KA KA AN R KKK K K o o R MK o R o oo KK Ao ok AR ARk K ok

0.0112 0.0149 040294 0.0517 0,0279 00,0585 =+0410 0.0071
0.0083 0.,0071 =+0095 -.0253 -,0245 ~-.0315 =.0161 -+0251
0.0490 -.0610 -«0195 -+0556 0.,0088 0.0730 0.0073 0.0075
=+0232 -.0524 0.0093 0.0265 0,0095 0.2435 0.0414 0.0411
0.0123 0.0031 0.0187 0,0159 -,0056 -.0093 ~+0200 -.0107
~,0289 -.0240 0.0073 -.0174 =+ 0435 0.,0122 -+0268 - 0440
=+0665 ~.0594 0+0116 0,0090 0,1074 -,0588 =«0196 -.0055
0.0182 0.0084

NONE., TIME: 1124 SECce IMAGE COUNT: 11



Appendix G
BNJ CONSTANT DATA

This appendix gives a complete set of BNJ Constant Data which is used in calculat-
ing transmission loss. The data appear in the following format:

Column 1 2 3 4 5 6 7 8 9
Line No- By(q)  Byz) Busy Buay Bus)y Bue) Biz) Bigs
Bitoy Bigio)y Bi(11) - - - - -

58(1) Bsg(2) Bsg(3)
Bsg(9) Bsg(10) Bsg(11) - - - - -



¢-9

WDATArL DATAll.

DATA 9R1 SL74T9 01/06/82 16:04:32 (1)

1.,

2o

3,

4,

Se

6

7o

8,

9,
10
i1,
12,
15.
14,
15,
16,
17.
18,
19,
20,
2l
22
23,
24,
25,
26,
27,
28,
29,
30
31,
32
33,
34,
35,
36
37,
38,

COL.» COoL. COoLo COoL., COL.. CoL., CoL.. coL.,

2 3 4 5 6 7 8 9

o 2 ok o i o 6 o R Ok ok ke o K e 3K K K ok o 3 ok K e K g o ok 3K oK ok 38K R o Kk iR o Rk R kK ROK kO e koK KoK Kk
0.0321 0.0022 0.0019 0.0000 -.0036 -.,0008 -,0016 0.0017
0.0022 0.0021 -¢0007 -+0014 -.0021 -.0027 -.0037 -,0014
0.0022 -+0032 =-.00U46 -+, 0045 0.,0022 -,0002 0.0022 0.0022
=+0010 -. 0046 0.0074 ~,0035 0.0022 =-.0004 =-.0040 -.0039
00023 0.0018 0+.0055 0,0020 0.0000 -,0009 =.0010 -.0019
-+0016 -.,0015 -.0018 -.0014 -, 0044 -,0049 =.0049 -.0043
=+0051 -.0046 0.0020 0.,0021 -,0004 -,0013 -.0014 -.0004
0.0018 0.0019
0.0022 0.0196 0.0025 0.0008 -.0032 -,0003 =.0016 0.0013
0.0018 0.,0017 -.0008 -,0014 -,0020 -,0026 -,0035 -,0013
00063 ~-.0031 =e0043 -.0042 0,0016 0.0004 0.0018 0.0018
=+0010 -.0043 00033 -+0032 0.0037 80,0005 =.0035 -,0035
0.0018 00,0015 0.0019 0.0016 -.,0001 -,0009 -,0010 -,0018
~.0015 -,001y4 ~.0018 -,0013 =-.0042 -,0046 -,0047 =-.0041
-+0048 -,00u43 0.0015 0.0016 0.,0001 -,0013 =.0014 -.0003
040097 0,0069
0.0019 0.0025 0.0165 00013 -+.0032 0.,0001 -.0016 0.0014
0.0020 0.,0018 -.0007 -.0013 -.0020 -,0026 =.0036 ~-.0013
0.0060 -.0031 =+00U43 ~-,0043 0.0018 0.,0009 0.0020 0.,0020
-+0009 -.0044 0.0020 -.0032 0.,0029 0.0010 -.0035 -.0035
0.0019 0.0016 0.0019 0.0017 0.,0000 -.,0009 -.0009 -,0018
~+0015 -,0014 -.0018 =,0013 =.0043 =,0048 ~.0048 -.0041
=.0049 =,0044 0.0017 00,0017 0.0005 -,0012 =.0014 -,0002
0.0024 0,0025
0.0000 0.0008 0.0013 00256 -.0012 0.0041 ~+¢0020 =-,0001
0.0002 0.,0002 -e0017 =+0019 -.0023 -.0028 =-+0039 -.0018
0.0011 -.0032 =+0036 -.0041 0.0001 0.0061 0.0003 0.0003
=.0014 -,00490 0.0003 -.0023 0.0013 0.0168 =.0015 -.0019
0.0002 60,0001 0.0001 -,0000 -.0012 -,0019 =-.0017 ~.0025
=+0020 =-.0020 =-+0025 -,0019 -,0042 -.0050 -.0048 =-.0041
=+0046 =-,00u2 =-+0000 0.,0000 0,0074 -,0017 -.0018 -,0001
0.,0008 0.,0010
=+0036 =+0032" =-«0032 -,0012 00,0184 0.0022 =.0006 -,0032
-+0033 =-.0032 =-.0024 =-.0013 0.,0005 0.0011 0.0016 -.0014
=«0037 0.0024 0.0087 0.0050 -.0034 -,0001 -.0032 -,0032



€-9

39,
40
41,
42
43,
Ly,
49
46
a7
48,
49,
50,
51,
52
53.
54,
55,
56,
57,
58,
59,
60.
61,
62,
63,
64,
65,
66,
67,
68,
69,
70,
71,
T2+
75,
T4,
75,
76,
7.
78,

-+0013
=,0034
-,0014
0.0067
=-,0034
-+0008
=-+.0006
“.0004
~.0009
-¢0006
=s0014
=-,0020
=-+0003
=~+0016
=+.0013
=-¢0020
0.0022
=-+0014
00019
=+0000
=.0017
0.0017
0.0022
0.0009
~+0003
0,0021
=,0009
=+ 0045
0.0012
0.0022
0,0035
0.,0015
=+,00006
U.0031
-,0012
=-+0048
00,0017
0.0021
0.0026
0+0013

0.0063
-,0030
-,0016
0,0050
-,0031
-,0003
~-.0006
-,0017
-,0017
=,0005%
=-,0014
=-,0020
=-,0001
-.0016
-,0012
0,0041
0.0002
-,0008
0.0019
0.,0004
~-,0015%
0.0013
0.,0021
-,0025
=,0040
00,0025
-,0008
-,0039
0.0014
0.0018
0.0026
-,0029
-,0042
0.,0023
-,0011
'00042
0.0018
0.0017
0.0047
-.,0028

-.0033
-00035
=¢0020
-0003“

0.0001
-e(0014
-00010
~+0006
=¢0007
-00018
=.0008

=-,0016
0.0018
-00000
-0001“
-00015
0.0020
°00015

0,0014
=+0002
-000“0
0.0017
00019
‘00011
0.0018

000020
'00003
-, 0042

0.0022

0.0025
=-,0014
0.0024

0.0018
0.0003
-o00U1

0.0070
-,0036
-,0015
-4,0033

0,0041
=-,0013
-,0020
0.0000
-,0008
-,0013
-,0007

=-.0020
0.0021
0.0004
0.0004
-,0015
0.0026
-,0014

-,0001
=,0008
-,0039
-, 0029
0.0020
-.0007
0.0019

0.0002
-00010

=e 0041

-.0031
0.0026
-+,0010
0.0024

0.0002
-,0010
-,0040

~-,0030
-.0026
00,0040
=-.0004

0.0022
-.0013
-,0007
0.,0000
-,0012
-.0022
0.0047

=-.0006
0.0055
-0001“
-,0014
0.0009
0.0006
-,0017

-,0032
-.0012
0.,0020
0.,0016
0.,0004
=-,0038
«,0004

-+0033
=-.0017
00,0025
0.0021
0,0005
-,0040
-.0002

-.0032
-,0017
0.00u43

-.0022
-.0026
0.0021
-,0011

0.,0145
'00016
0.0056
00,0041
-,0016
-00031
-,0011

=-.0012
0.0021
~-,0016
~-.0029
0.,0019
0.0012
0.0U68

«-,0007
-.0021
-,0002
-,000%
-00003
-,00u41
‘00006

-.0006
-00023
0.,0000
-.,0001
“9000“
-.00““
-,0009

-.0006
-.0023
=-,0000

0.0202
'00020
0.0036
-,0004

-.0012
-00023
-.0005
0.0021
-00013
~.0027
-.0010

0.0197
0.0016
-,0012
-.0007
0.0024
0.0008
0.0040

-,0008
~.0030
0.0022
-,0035
-.0004
‘00042
-,0001

’00013
-+0033
0.0027
-.0036
-.0005
-, 0045
-.0010

-.0012
-¢0032
0.0028

0.0142
-.0021
0.,0039
-,0016

-,0007
-.,0013
-,0005
0.,0013
-,0018
-.0021
0.0005

-,0008
0.0020
-,0012
-,0005
0.0019
0.0007
0.0010

0.0115
~,0007
0.0022
-.0034
-,0012
-,0036
0,0005

0,0022
-+0010
0.0027
-.0036
-0014
-00039
-,0000

0.0021
-+0010
0.0028




¥-9

79
80,
81,
82,
83,
84,
85,
86,
87,
88,
89,
90 .
91,
92,
93,
94 .
9b,
96,
97,
98,
99
100.
101,
102.
103.
104,
105,
106.
107,
108,
109.
110,
111,
112.
113,
114,
115
116,
117,
118,

~+0006
0.0026
=,0012
=+0046
0.0016
-.0007
-+0003
~e0012
0.0023
=,0004
0.0017
-+0028
=+0009
-.0014
-+0010
=-+0018
00033
-,0011
0.0054
=-+0010
~+0015
=+0021
=-s0017
~e0025
0.0015
-«0018
00,0013
0.0014
=-,0022
-,0027
=+0023
=~:0031
0.0015
-.0025
0.0023
0.0037
=+0027
=e0037
-+0033
=-,0042

-,0041
0,0021
-,0011
-,0041
0.0017
-,0008
0.0003
-00007
=-,0023
0.0000
0.0018
"00022
=-,0007
-,0014
-,0010
0.0006
~-.0007
-,0009%
0.,0047
-,0004
-,0013
-.0020
-,0017
0.0051
0.0016
-,0013
0,0012
0.0016
=-,0020
-,0026
-,0023
0,0048%
0.0038
-,0018
0.0017
0.0048
=,002%
-,0035
‘00032
0.0050

0.0020
0.0024
=-,0014
0.0040

=+.0007
00303
'00025
”00006
=+0005
0.0019
=+0003

-,0013
0.0018
-00010
-.0012
‘00013
0.0054
-00012

=.0020
0.0006
0.0015
-,0019
=.0020
0.0012
-,0019

=.0026
0.0001
0.0029
'00025
=,0026
00019
-00025

-¢0036
=-+0008
0.0040

-o0031
0.,0038
-.0010
0.0038

-,0017
0.0018
-00021
-,0018
0.0000
0.0022
-40002

-,0019
0.,0122
-,0003
-,0007
-,0013
0.,0072
-00012

-,0023
0.0014
0.0016
0.0019
-,0020
0,0015
-,0019

~,0028
0.0022
0.0048
0.0016
-,0026
0.0017
-,0024

~-,0039
0.0014
0.,0071

00,0019
0.0016
~-.0039
-.,0003

=,0024
0.,0006
-,0000
-,0005
0.,0210
-,0019
-.0016

=-.0013
0.0014
=-.0012
-.0012
0.0010
0,0000
-.0017

0.0005
0.,0134
-,0018
-.,0018
-.0001
0.0018
=-.0020

0.0011
0.,0030
-,0024
-,0024
=-.0006
0.0058
-.0024

0.,0016
0.,0026
-, 0034

-.0001
0.0002
-,0043
'00009

-,0014
0.0001
-.0015
-,002%
0.0298
-00016
0,0023

-|0013
0.0022
-,0015
-.0027
0.0020
0.,0009
0.0030

-.0013
0,0030
-,0019
-0005“
0.0006
0.0024
0.0028

~.0016
0.0093
-,0023
-, 0040
0.,0001
0.0093
0.0016

-,0023
0,0091

-,003%
-.0002
-, 004Y
-,0010

0.0018
=-.0008
=-+.0002
-,0027
0.0184
-.0019
0.,0009

0.0021
0.0014
-.0010
-+0015
0.,0024
0,0003
0.0011

0.,0055
0.0026
‘00017
0.0004
0.0011
0.0021
0.0068

0.0021
0.0091
‘00023
0.0011
0.,0006
0.0074
0.0015

0.0016
0.0417
=-.0032

-,0035
-,0014
-,0038
-.0000

-,0002
0,0019
'00002
-.0025%
0.0018
~,0017
0.,0008

-.,0008
0.0080
'00010
-00013
0.0051
0,0002
0.0013

-.0012
0.0014
-.,0017
0.0008
0.0012
0.0019
0.0006

'00021
0.0019
-,0023
0.0013
06,0018
0.0061
=-,0001

-,0030
0.0012
-.0032



§-9

119.
120,
121.
122,
123,
124,
125.
126,
127,
128,
129.
130
131,
132.
133,
134,
135,
136.
137,
138,
139,
140,
141,
142,
143,
144,
145,
146,
147,
148,
149,
150,
151,
152,
153,
154,
155,
156,
157.
158,

0,0007
-,0035
0,0015
0.,0052
-e.0037
-« 0014
-+0010
-+0018
00033
=¢0011
0.0068
’00012
-+0015
0.0022
0.0015
0.0858
=-+0014
0.0015
=+0020
«+0055
0.0051
-.0032
=+0029
-¢0036
0.0004
-+0030
0.0005
0.0070
-e0032
~e0046
~+s0042
=+.0049
=,0012
-,0044
=-+0010
00123
-, 0044
=-¢0045
=:0041
- 0049

0,0054
00,0009
0,0071
-,0035
-.0013
-.0010
0,0005%
-,0009
=-,0005
0,0063
-,0006
-,0013
0.,0063
0.0013
-,0036
=+.0050
0,0011
=-,0019
=-.0050
0,0039
-00031
-,0028
0.0738
0,0067
-.0024
0.0003
0.0060
-,0030
=-,0043
-.0041
0.,005¢0
0,011y
-,0037
-+0013
0.009%
'000“2
-,0042
=.0040
0.0060

-.0034
'00036
0.0010
'00035

-«0013
00019
-00011
-00012
-00013
040077
-00012

0.0060
‘00012
-o 0049
0.0028
0.0017
-0002“
0.0012

“00031
-00007
0.0050
-00030
-00031
00001
‘00030

=s0043
-00025
0.0152
-00042
-00045
't0016
-00043

-.00U3
‘00021
0.0093

0.0019
~-+0036
0.0009
-,0034

-,0018
0.,0050
-,0005
-.0008
-,0012
0.0043
-e0012

0,0011
-,0018
-, 0049
~+0037
00,0012
-,0018
0.0013

-,0032
0,0006
00060
0.0025
-.0031
0.,0004
-,0029

-,0036
-.0010
0,0093
0.0067
-, 0045
-,0013
-,0042

-,0041
-.0003
0.,0161

-,0033
-,0016
0.0087
-,0032

-0001“
0.,0014
-.0011
-,0011
0.0010
-.0002
-,0016

=,0037
-,0025
0.,0013
00,0027
-,0005
-,00u48
0.0001

0.0024
00,0051
-,0030
=-.0028
-.0013
0.,0056
=,0027

0.,0087
0.,0015
=-,00u42
=-.0040
=-,0029
0,0080
-,0028

0.,0050
0.0016
=-.0041

-.0053
-.0008
0.0391
0.0009

'00013
0.0019
-,0015
-,0027
0.0020
0.,0006
0,0030

‘00004
-00031
0.0005
0,0003
-.0014
-00054
-,0017

-,0017
0.0045
=-.0026
-,0047
-.,0007
0.0054
0.0014

-00010
0.0029
-.0027
-,0051
'00027
0.0053
-00008

-.0020
0.,0048
-00033

0.0016
~.0003
0.0197
0.0009

0.0020
0.0012
-,0010
-00016
0.0024
0.0001
0.0010

-.0020
=-.0042
0.,0015
=,0040
-'0014
-.0054
't0019

0.0041
0.0050
-00028
0.0024
-,0002
0.,0059
0.0023

-,0000
0.0040
=-,0041
0.0092
-,0020
0.0075
0.,0000

0.,0004
0.0071
=-.0040

0.0018
0.0008
0.,0092
-00009

-,0007
0,0070
-«0010
-.,0014
0.,0070
-,0000
0.0014

0.0009
-,0018
0,0015
-.0040
-,0024
-, 0047
-,0007

-,0025
0.0005
-,0028
0.0025
0,0000
0.0056
-,0007

=-,0040
-,0011
-~,0041
0.0086
".0017
0.,0078
-,0021

-,0039
-.0005
-.0040



180,
181,
182,
183,
184,
185,
186,
187,
188,
189.
190,
191,
192,
193,
194,
195,
196,
197,
198,

-+0007
=-.0043
=«0004
0.0124
-+0044
0.0022
00025
0.0013
=-,0007
0.0025
~¢0013
-,0048
0.0015
=-,0002
0.0000
0.0005
=,0011
-+0000
-+0017
=-+0036
0.0003
0.,0022
0.0027
0.0015
=~+0006
0.0027
=,0011
'|0046
0.0017
0.0022
0.0027
0.0015
=-+0006
0.0027
=.0011
-o0047
0.0017
=-+0010
=-¢0006
-:0014

0.,0123
-,0036
=-,0007
0.0166
=, 0042
0,0016
0.0043
=-,0030
~,0043
0.0020
-,0012
-, 0042
0.0017
0.0004
-,0000
-+0026
-.0032
-,0000
-,0016
-,0034
0.,0005
0.0018
0.0028
-,0028
-,0041
0.0023
-.0011
=-,0041
0,0019
0.0018
0.,0028
-,0028
=-,00u42
0,0023
-,0011
=-,0041
0.0019
-.0010
-.00006
0,0004

-000“1
-.,0044
‘|0009
‘000“2

0.0018
'00000
=.0042
0.0021
0.0024
=.0016
0.0092

0.0009
-00015
‘00027
=+0000
=.0001
=¢0020
=.0002

0.0020
~+0002
-,0041
0.0022
0.0025
-¢0014
00026

00020
'00002
=e00U1
0.0022
0+0025
-0001“
0.0026

~+0009
0.0023
'00012

0,0043
-, 0044
-,0007
=-,0041

0.0001
~.0012
-.0041
~,0032
00,0039
-,0011
0,0073

0.,0061
=,0015
=,0033
-,0014
-,0002
'00015
-,0002

0.0003
-,0010
-+0040
-,0031
0.,0027
-,0009
0.0026

0.0003
-,0010
=,0040
-,0031
06,0027
~o.0009
0.0026

-,0014
0.0033
-,0007

=,0040
-,0026
0.0139
-,0034

-,0034
-,0018
00,0095
0.0019
0,0011
=-,0041
-+,0003

-,0001
-.,0019
-,0001
0.,0008
-,0011
-,0034
0.,0165

=+0032
-,0017
0.0027
0.0021
0.0007
-,0039
~.0002

=-.0032
-,0017
0.0027
0.0021
0,0007
=-,0039
-.0002

-.0013
0.0015
-,0007

-,0057
-.0022
0.0098
-,0004

-,0007
-.0024
'00001
-,0002
-,0002
'00045
-'0011

0.0056
-,0023
0.0286
0,0071
-'0016
-.0042
-,0014

'00005
'00023
00,0001
‘00000
-00003
-,0043
-00009

~.0005
-.0023
0.0001
-,0000
-.0003
-.00“3
-.0009

-,0009
0.,0015
'00011

0.0052
-.0016
0.0136
0.0001

‘0001“
-00034
0.0027
=,0037
-,0005
-,0046
=-,0012

-.0016
-.0032
0.0001
=,0002
'00015
~-.0040
~.0014

=.0012
-,0032
0.0030
-'0035
-,0005%
-.0044
=,0010

-e0012
-.0032
0.0030
~+003%
-.0005
-000““
-00010

0.0022
0.0007
=.0006

0,0051
-.0011
0.0138
=-.0019

0.,0020
-00011
0.0027
-,0036
‘00016
-,0040
-.0001

-.0002
'00015
0.0001
-,0007
~-.0021
-+.0033
0.0004

0.0022
‘00010
0.0030
-+,0035
-.0014
-+0038
0,0000

0.0022
-,0010
0.0040
-.0035
-,0014
-.0038
0.0000

-.0003
0.,0033
’00006
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199,
200,
201,
202,
203,
204
205,
206,
207,
208
209,
210
211,
212
213,
214,
215,
216,
217,
218,
219,
220
221,
222
223,
224,
225,
226
227,
228,
229,
230,
231,
232«
233,
234,
235,
236,
237,
238,

00037
-.0007
0,0032
=-,0013
-+0011
-+0046
=,0042
=+0050
=+0010
=-+0044
-«0008
0.0154
-¢0045
0.0074
0.0022
0.0028
=+0008
0.0022
-0001“
~s00u48
00024
~¢0035
-+0031
=+0037
=-+0007
-.0033
-,0008
0.0056
=-«0034
0,0022
0,0021
0.0027
-+0008
0.,0021
-+0013
=,0046
00037
=+0004
-,0001
0.0003

-00010

~40001

0.0033
-,0007
-,0009
~-,0043
=-,00u1
0.,0067
0.0147
-o0038
-00011
0.0125
'00043
0.0033
0,0020
=-,0030
=-,0042
0.0018
'00013
=.00u42
0.0024
=+0032
-,0031
00,0025
0.0054
=,0028
-,0010
0.00uUy
'00032
0.,0037
0.0019
=.0028
-,00u41
0.0017
=-,0012
=-.0041
0,0037
0.0005
-,0001
-, 0047

'00008
=-+0009
0.0036
=-,0008

=,0044
-'0023
0.0114
'00042
=.0045
’00013
‘000“3

00020
-00006
~es00u42
0.0166
00032
-+0016
0.0020

-00032
‘00018
00067
-+0032
=-:0034
=.0012
~00033

0.0029
-,0009
-+ 0040
0.0024
0.0021
-00016
0.0018

0.,0010
=+,0025
-,0051

-,0007
-.0008
0.0036
-,0008

-o0040
-.0007
0.0123
0.,0054
-, 0045

-=o 0010

=.0042

0.0003
-,0012
-,0041
-.0032
0.0020
-,0012
0.0020

-,0023
-,0007
00043
00,0583
-,0034
=,0009
-00032

0.0013
-.0012
~-4,0040
'00030
0.0019
~,0011
0.0019

0.0168
-,0027
~4+0057

-,0008
0.,0014
-,0004
-,0013

0.,0063
0.,0016
-,0043
~.0041
~.,0028
0,0107
-,0032

-,0033
~,0019
0.0021
0.,0024
0.,0001
-.0041
=-,0002

0.0070
0,0019
-+,0032
-,0030
-,0022
0.0036
-,0016

-,0030
-.,0018
0.0019
0.0038
0.0002
-,0039
0,0005

=,0022
=,0034
-,0002

'00022
0.0025
0.0002
0.0030

-.0017
0.,0038
‘00032
'00056
‘00025
0.0073
-'0006

-.0006
-.,0025
-.0000
-.0001
-,0007
-.OOQS
-,0011

0.0000
0.0016
'0001“
'0003“
-~,0019
0.0023
-.0004

0.0000
-.002“
0.,0008
0.0014
‘00007
-~,0044
-,0010

0.,0041
0.,0071

-.0015
0.0028
=.0003
0.0013

0.0002
0.0054
-,0041
0.0067
-00018
0.0102
0.0001

-.0014
-.0034
0.0022
‘00036
=-.0008
‘000“6
-.0012

0.0004
0.0019
‘00031
0.0076
-0001“
0.0034
0.,0015

‘0001“
=,0033
0.0021
~-.0033
-+0007
-, 0044
-,0012

-,0029
‘00053
-.,0000

-,0013
0,0036
-.0003
0,0018

-o0040
-,0009
=-,0042
0.0065
~,0015
0.0104
-.0021

0,0017
“00012
0,0022
-,0036
-.0017
-o+0040
-.0002

-~,0029
-.0008
-,0031
0.,0121
-,0013
0.0036
-,0013

0.,0016
-.0011
0.0021
-,0033
-,0016
~+0038
-.0000

-,000%
~.0027
-,0000
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239,
240
241,
242,
243,
244,
245,
246,
247,
248,
249,
250,
251,
252,
253,
254,
255,
256,
257,
258,
259,
260,
261,
262
263,
264,
265,
266,
267,
268,
269,
270,
271,
272
273,
274,
275
276,
277,
278,

-+0022
=-.,0002
=-+,0030
=-+,0063
0.0007
-4,0040
=,0036
-40040
=-.0015
-+0038
-+0016
0.0070
-+0037
=+0039
-+0036
-+0040
=-¢0013
-+0037
=-.0014
0.0068
-,0037
0,0023
0.0031
0.0015
-+0007
0.0051
=.0013
-,0049
0.00617
0.0018
0.0023
0.,0011
-,0001
0.0022
-00007
=.0042
0.0014
0.0055
0.0025%
0.0017

'00056
-,0003
-,0029
-,0058
0,0010
=,0035
=-,003%
0,002y
0.0067
't0033
-.0018
0.0052
=-,0035
-.0035
=-.0035
0.,0025
0.0065
-00032
-,0016
0,0052
-,003%
0.0018
0.0026
-,0030
-,0044y
0.0022
-00012
-, 0043
0,0018
0.001%
0.0021
-,0024
=-,0038
0,0033
-.0006
-,0037
00,0015
0.0019
0.,0024
'00031

‘00001
-,0002
=+0040
-e0004

”00035
’00027
00092
'00036
-+0039
~-+:0024
'00037

'00035
=.0025
00086
’00036
'00058
-+0020
~.0037

0.0019
~-¢0004&
‘000““
0.0022
0.0026
-+0015
0.0024%

00016
00000
-+0037
0.0018
0.0020
-+0008
00019

0.0019
=+0005
- 0045

‘00034
-,0004
-,0028
-,0003

-,0015
-00015
0.0052
0.0076
-,0039
-.0017
-,0037

-+0019
-+0013
0.0051
0.0121
”t0038
-,0015
-40036

0.0002
-,0011
-.0043
-,0033
0.0028
-,0011
0.0024

0.0001
=-,0005
-,0036
-+.0028
0.0020
-+0004
0.0020

0.0001
-o0013
-, 0044

0,0014
-,0019
-.,0058
0,0071

0,0202
0.0004
-,0037
-.0033
-,0029
0.0042
-.,0006

0.0142
0.0008
-,0036
-+0033
-.0028
0.,0042
-,0010

-,0034
-.0018
0.0025
0.0021
0.0005
=-,00u2
-+0003

=.0030
-+0013
0.0020
0.,0017
0.0006
-.0035
=,0003

~,0035
-.0020
0.0024

0.2797
-00030
-.007“
-,0026

0.0021
0.0011
-,0002
-.0030
-.0029
0.0018
-.0013

0.0013
0.,0013
-,0007
-+0030
-.0027
0.,0023
-00011

-00006
-00025
-.,0000
‘00002
-,0005
-,0046
-,0010

-,0005
-,0018
-.0000
-,0003
-,0001
-00038
-,0004

-00007
-+0026
-.0001

-,0030
-.0026
-,0068
~.0027

=,0007
0.0016
=-.0035
0.0733
-,0023
0,0036
-.0005

-+0005
0.0018
~-+0035
0,0169
’00021
0.0038
-+,0002

'0001“
-.0035
0.0027
-00038
-,0006
=-.0046
-.0011

-.0008
-00028
0.0023
‘00033
-.0001
-00039
=-+0006

~.0015
=,0036
0.0025

-,0030
-o,0040
-.0057
=-,0008

-+0035
-,0016
-,003%
0.0169
-,0025
0.0041
-,0018

-, 0034
“0001“
-,0035%
0,0425
=,0021
0,0041
-,0018

0.0021
-,0011
0.,0027
-.0037
-~,0016
~,0041
=.0001

0.0025
-,0005
0.0023
-,0032
‘-0008
-.0034
0.0003

0.0019

-.0013
0.,0025



6-9

279
280,
281,
282,
283,
284,
285,
286
287
288,
289,
290,
291,
292,
293,
294
295,
296,
297,
298,
299 .
300,
3501,
302,
303,
304,
309,
306,
307,
308
309,
310,
311,
312
315,
314
315,
316.
317.
318,

-+0009
0.,0026
-+0014
=,0050
0.0017
00020
00026
0.0012
=-+0008
0.0028
=-«0014
~¢0050
0.0015
00000
0,0005
-:0005
0.0014
0.0005
C.0008
“-e0033
=.0002
-«0009
=+0004
=-+0014
00,0025
=~+0005
00,0018
=:0029
~+0011
=-+0010
-,0005
=¢0014
0.0028
=+0006
00022
-.,0022
=+0011
=.0019
~-e0014
-.0024

=,0045
00,0020
-.0013
-,0048%
0,0019
0.0016
0.0038
=-,0031
-, 0045
0.,0020
-,0013
=-,0045
0.0016
-e0001
0.0016
'00013
-,0028
0.0006
0.0009
-,0027
~+0001
-.0009
0.0002
-.0007
=-,0025
-,0001
0.0019
~.,0023
-,0009
-,0010
-.0002
'00002
-,00138
-.,0001
0.,0024
'00016
'00009
-,0018
-,001y4
0,0000

0.0032
0.0205
-e0017
0.0023

0.0017
0.0000
-00045
00020
0.0023
-s0017
00037

00000
0.0210
'00029
0.0001
0.0002
0.0008
0.0008

-,0009
00298
=00027
-.0007
‘00007
0.0019
=-.0004

=-,0009
0.0184
-40020
-.0008
-.0008
0.0025
-+0007

-.0018
0.0018
‘00017

-.0034
0.0023
-.0012
0.,0024

-,0000
-,0013
-'00“4
~,0034
0.0166
‘00012
0.0039

-,0012
0.0010
=-.0026
-+,0022
0.0013
0.0012
0.0009

~,0019
0.0020
-.0022
-,0019
-,0002
0.0023
-,0003

-,0017
0.0024
-,0016
-.0014
-,0005
0.0028
~,0006

~-,0025
0.,0051
~s0011

0.0021
0.0002
=.00u43
-.0004

-,0036
=.,0020
0.,0039
0,0019
0.,0013
=-.0043
=-.0005

=+0026
-.0001
0.0011
0.0002
0,0353
-.0025
-.0012

-.0026
0.0006
-.0002
=,0007
0.,0207
-.0020
-.0018

=-.0020
0,0011
-+0005
-.0007
0.0126
=-,0013
-.0016

-.0021
0,0012
-.0016

"0002
"'00007
-000“7
-.0012

-,0008
~,0026
~.,0002
-00004
-.0002
-,00u47
~,0012

~,0012
-.0006
-.0011
-,0019
0.0207
-0002“
0.0013

-.0016
00,0001
'00016
-,0030
0.0634
-.,0018
0.,0024

"0013
0.,0U06
-,0015
-.0026
0,0224
-.0010
0.0029

-,0018
0.,0018
-,0021

-.0039
-00008
-+0048
-.0013

-00015
-00036
0.0027
-00039
-.0005
-000“8
-.0013

0.0009
-00016
0.0007
=.0029
0.0126
=.0026
0.0003

0.,0019
~¢0008
~-.0003
-00029
0.0224
=-.0020
0.0010

0.0024
-.0003
-.0005
-.0023
0.,0347
-.0013
0.0014

0.,0019
0.0008
=.0014

"'00038
-,0017
--0042
-.0002

0.0020
-.0012
0.0027
-,0038
‘o0017
‘000“2
'00002

0.,0004
0.0010
0.0007
-,0028
0.0008
-,0023
0.0005

-,0003
0.0020
°o0003
~-,0027
0.0019
-00018
0.0008

'0000“
0.0024
‘00005
-,0021
0.,002%
-,0012
0.,0010

-,0012
0.0070
‘oOOlu
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319,
320,
321.
322,
323,
324 .
325,
326
327,
328,
329,
330,
331,
332,
333.
334
335,
336
337,
338,
339,
340,
341,
342
343,
344,
349,
JS4b
347,
3u8,
349,
350,
351,
352,
353,
354,
35b,
356,
357,
358,

0.0036
-,0016
0.0063
~+0019
=+0020
=-+0016
=+0012
=+0020
0.0032
=-,0013
0.0138
=-.0011
=-+0016
~+0015
-+0011
~+0019
0.0033
=+0012
00057
=+0014
~¢0016
‘00018
=+0014
~,0024%
0,0036
=+0015
0.0070
=+0017
-+«0019
=-+0014
-¢0010
=,0018
0.0036
~+0011
0.0043
-e0014
-+0015
=+s0044
=+,0040
=.0048

-,0015
-,0008
00,0273
-,0011
-,0018
-.0015%
-.0012
0.0005%
-,0008
=-.,0007
0.0057
=,0004
-,001%
=-,0014
-.0011
0.,0003
-,0011
=-+0006
00,0242
-,0008
=,0014
-,0018
=-,0014
0.0001
-,0013
-.0008
0.0075
-,0010
-,0018
-.,0013
-,0010
0.,0004
=-,0010
-.0004
0.00u41
-,0008
=-,0013
~.0042
-.0039
0.0056

'00017
'00017
0.0080
‘00017

-+0015
0.0017
-00010
-,0014
-,0014
0.0070
‘0001“

=-+0014
0.0018
‘00013
-,0013
-,0013
0.0075
-+0013

-,0018
0.0019
-00016
-00016
-00017
0.1304
'00017

-,0013
0.0022
=s0013
=.0012
-00012
0.0046
‘00012

-000“3
-00019
0.0080

=-,0013
-,0017
0.0045
=-.0016

-,0020
0.0054
=-.0004
-00008
-|001“
0.0043
=,0013

-, 0020
0.0047
~-.0007
-,0010
~,0013
0.00u41
=-,0013

-,0025
0.0054
=-,0009
-00012
~-.0017
0.00u46
-,0016

-00019
0.0072
-¢0007
-,0009
-,0012
0.0225%
-~o0012

-, 0042
0.0000
0,0139

-,0016
0.0008
-,0007
-.0023

-,0014%
0,0013
-,0013
-,0013
0.0008
0.0000
-.,0018

-.0016
0.0012
=-,0012
-,0012
00,0009
-.0004
-.0018

-.0020
0.0012
-.0016
-,0016
0.0008
-.0005
-,0023

-,0015
0.0015
-,0011
-,0011
0.0012
-,0004
-.0017

0.,0040
0.,0018
=-.0041

-000“0
0.0019
-,0002
0.0031

~-.,0014
0.0023
~-,0017
-,0030
0.0018
0.0009
0.0028

-.0014
0.0017
~-,0016
-00029
0.0019
0.0004
0.0029

-,0018
0.0019
-,0020
=-,0040
0.0019
00,0000
0.,0U031

-.0013
0.0017
-,0015
-.0028
0,0023
0.0003
0.0039

-.0022
0.0058
"0003“

-,0025
0.0025
=-.0006
0.0008

0.0019
0.,0015
-,0011
-,0016
0.0022
00,0003
0.,0010

0.0019
0,0009
-.0011
-,0018
0.0024
~,0002
0.0009

0.0020
0.0010
-0001“
=.0024
0.0025
=-.0004
0.0009

0.0026
0.,0009
-+.0009
-.0017
0.0028
-.0002
0.0012

0.0006
0.0087
-.0039

-,0021
0.1276
-.0005
0.,0012

-.,0009
0.0068
‘00011
‘0001“
0.0063
0.0002
0.,0012

'00008
0.0063
-.0011
-,0016
0.0273
‘00003
0.0013

-,0011
00,0077
-,0014
-,0020
0.,0080
-,0004
0.0013

-,0007
0.0043
-00009
-.0015
0.0045
-.0002
0.0015

-.0038

e 0002
-,0039
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359,
360,
361,
362
363
364 .
365,
366 .
367,
368,
369
370
371
372,
373,
374,
375
376,
377,
378,
379.
380
381,
382.
383,
384
385,
386
387,
388,
389,
390,
391,
392,
393,
394,
395,
396,
397,
398,

-.0004
=:0042
0.,000Q0
00107
=,0043
-¢0049
=.0044
=,0054
0.0002
=+0046
0.0009
0.0071
=+ 0049
=4,0049
-s 0045
=+0054
-¢0003
=+.0046
0.0003
0.0101
=4+0049
-¢0043
=,0039
=-+Q047
-+0003
=,0041
0.0002
0.0103
=,0042
=-+0051
-20048
=:0055
=-+0013
=-,0049
-.0011
0.0283
=-+0050
=:0046
-000“2
~=+0050

0.0107
=-,0035%
-,0004
0.,0139
-000“1
=,00u46
-,0043
0.0054
0,0073
-,0038
0.0004
0.0098
=-,0046
-,0047
-,004y
0.,0059
0.0102
=-,0039
=-,0002
0.0136
-, 0046
=-.0041
-,0038
0.0056
0.0104
-,0034
-+.0003
0.0139
-,0040
-,0048
-,0046
0.0070
0.0154
-,0042
-,0014
0.0126
-000“8
=-,0043
-,00u41
0.0060

-.0041
=-.0043
=-,0005
-.0041

'000“8
-00016
0.0053
'000“5
-00047
0.0000
- Q4D

-.0048
=~+0019
0.0075
-.0046
-+.0048
=.0004
=.0046

-o 0041
-00017
00078
-000“0
-,00u42
~-,0004
-+0040

=.0049
-,0028
0.0123
-00048
=+.0050
=-¢0017
-000“8

-, 0044
-00022
0.0095

0.0036
-,0043
-, 0004
-,0040

=,0050
0.0009
0.0098
0.0023
-,0047
0.0003
-, 0044

-.0048
0.,0003
0.0136
00,0034
-.0048
-,0002
-, 0045

=+ 0041
60,0002
0,0138
0.,0036
-, 0042
-,0002
-,0039

-,0046
-e0010
0.0124
0.0056
-,0050
-,0014
-,0047

=.0042
-,0004
0.0166

-,0039
=-.0025
0.0272
-,0034

0.,0021
0.0024
-,0045
=, 0044
-,0024
0.0135
-.0043

0.0036
0.0021
-, 0046
=-.0044
=-,0026
0.0205
=-.0040

0.0039
0.0019
=,0040
=-,0038
-,0023
0.,0172
=-,0034

0,0067
0.,0014
=-.00u8
=-,00u6
-+0033
0,0107
=-.,0036

0.0050
0.0016
=-.00u42

-.0058
-,0020
0.,0135
-.0002

-,0031
0.,0093
-000“2
-00074
-,0018
0.,1730
00,0004

-.0027
0.0074
-,0040
-,0068
-.0020
0,0501
~,0000

-.0021
0.0061
-,0033
-00057
-.0018
0.0128
-,0000

-,0020
0.0037
-00036
-,0063
-.,0029
0.0071
-,0010

‘00020
0.0048
-0003“

0.0042
=+0013
0.0205
0.0002

0.0012
0.,0391
-,0043
0.0018
-.0010
0.0501
0.0004

0.,0008
0.0197
=, 0044
0.0036
=-+0013
0.1050
0.0003

0.0007
0.0092
-,0038
0.0041
-,0012
0.0174
0,0003

=-.0000
0.0052
-.0046
0.0070
-o,0022
0.0101
=-+.0002

0.0004
0.0071
=-,0041

0.,0042
'00007
0.0172
-,0018

~,0041
0.0006
-,0043
0.0023
-o,0002
0.0128
-,0017

~. 0042
0.0001
-,0044
0.0038
=-,0006
0.0174
~-,0019

-,0036
-00000
-,0038
0.0041
-~+0005
0.0269
-,0016

-,0045
-.0012
-000“7
0.0068
-.0019
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Appendix H

TABULAR RESULTS OF SIMULATION STUDIES

This appendix contains tabular summaries of the results of a number of simulation
studies modeling the relationship between total fuel costs and dispatch fuel price

policies and errors. The interpretation and significance of the tables

plained in Section 5.

For the reader's convenience, an ordered
given below.

Table

H-1 Random; CF=.24; 50% Base Fuel; Auxiliary Fuel Price

H-2 " woow "
H-3 " W "
H-a " woow "
H-5 " woowoo "
H-6 " woomo "
H-7 o " woom "
H-g " e "
H-9 " woow "
H-10 "
H-11 " woom "
H-12 " woom "
H-13 " oo "
H-14 " oo "
H-15 " woom "
H-16 " woow "
H-17 " . "
H-18 " W "

H-19 Random; CF=.24: 70% Base Fuel; Auxiliary Fuel Price

H_20 " n 1 1 n "
H _21 n n (1] i " n
H_22 1} n n n " n

H-1

is ex-

list of the tables in this appendix is

-40%
-30%
-20%
-10%
- 7%
+10%
+20%
+30%
+40%
-40%
-30%
-20%
-10%
-7%
+10%
+20%
+30%
+40%
-40%
-30%
-20%
-10%
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H-5
H-6
H-7

H-9

H-10
H-11
H-12
H-13
H-14
H-15
H-16
H-17
H-18
H-19
H-20
H-21
H-22
H-23
H-24
H-25
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H-23 Random; CF=.24: 70% Base Fuel; Auxiliary Fuel Price = - 7% H-26
H-24 " " e " " " "= +10% H-27
H-25 " " v " " " "= +20% H-28
H-26 " " oo " " " "= +30% H-29
H-27 " " e " " " "= +40% H-30
H-28 " " 80% Base Fuel; " " "= -40% H-31
H-29 " " e " " " "= -30% H-32
H-30 " " e " " " "= -20% H-33
H-31 " " o " " " "= -10% H-34
H-32 " " e " " " "= - 7% H-35
H-33 " " L " " " "= +10% H-36
H-34 " " we " " " "= +20% H-37
H-35 " " oo " " " "= +30% H-38
H-36 " " e " " " o= +40% H-39
H-37 Weighted-Average; CF=.24; 50% Base Fuel; Auxiliary Fuel Price = -30% H-40
H-38 " " " oo " " " "= -10% H-41
H-39 " " " e " " " "= +10% H-42
H-40 " " " e " " " "= +30% H-43
H-41 " " " 60% Base Fuel; " " "= -30% H-44
H-42 " " " e " " " "= -10% H-45
H-43 " " " oo " " " "= +10% H-46
H-44 " " " weoow " " " "= +30% H-47
H-45 " " " 70% Base Fuel; " " "= 230% H-48
H-46 " " " oo " " " "= -10% H-49
H-47 " " " oo " " " "= +10% H-50
H-48 " " " oo " " " "= +30% H-51
H-49 u " " 80% Base Fuel; " " "= -30% H-52
H-50 " " " oo " " " o= -10% H-53
H-51 " " E oo " " " "= +10% H-54
H-52 " " " "o " " " o= +30% H-55
H-53 Random; CF=.75; 70% Base Fuel; Auxiliary Fuel Price = -30% H-56
H-54 " " e " " " voo= -10% H-57
H-55 " " W " " " "= +10% H-58
H-56 " " weooom u u " "= +30% H-59
H-57 Random; CF=.95; 70% Base Fuel; Auxiliary Fuel Price = -30% H-60
H-58 " " woom " " " voo=-10% H-61
H-59 " " L. " n " "= +10% H-62

H-60 n " " " u n I} " = +30% H-63




Table

H-61 Weighted-Average; CF=

H-62
H-63
H-64

H-3

.95; 70% Base Fuel; Auxiliary Fuel Price

-30%
-10%
+10%
+30%

Page
H-64
H-65
H-66
H-67
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Table H-1

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 40% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.000056 100 744 297. | 100 744 297. - - .6000
5 - 50.125289 100 947 830. | 100 947 830.| .20202930 .20202930 .6002
10 - 50.254563 101 173 554. | 101 173 554.| .42608566 .42608566 .6007
15 1(#66) 50.422986 101 337 711. | 101 415 096. | .58902986 .66584314 .6012
20 1(#66) 50.521778 101 538 862. | 101 662 311.{ .78869477 .91123173 .6031
30 1(#66) 50.538701 102 144 467. | 102 268 464. | 1.38982557 | 1.51290648 .6121
40 1(#66) . 50.614200 102 462 825. | 102 584 150. | 1.70583154 | 1.82626018 .6152
50 1(#66) 51.044961 102 796 394. | 103 173 989. | 2.03693613 | 2.41174147 .6162
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Table H-2

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 49.999962 107 039 210.| 107 039 210. - - .7000
5 - 50.125280 107 276 808.| 107 276 808.| .22197287 .22197287 .7003
10 - 50.254573 107 540 086.| 107 540 086.| .46793694 .46793694 .7008
15 1(#66) 50.423196 107 744 929. | 107 822 309.| .65930887 .73160013 .7013
20 1(#66) 50.521748 107 986 913.| 108 110 329.| .88537928 | 1.00067909 .7036
30 1(#66) 50.523684 108 967 744. | 109 092 001.| 1.80170798 | 1.91779348 .7188
40 1(#66) 50.614202 109 064 416. | 109 185 805. | 1.89202255 | 2.00542867 L7177
50 1(#66) 50.698715 109 376 829. | 109 495 768. | 2.18389037 | 2.29500759 .7200
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AUXILIARY FUEL PRICE = 20% LESS THAN THE BASE FUEL PRICE

Table H-3

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR |{NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.000007 113 336 501. | 113 336 501. - - .8000
5 - 50.125227 113 607 829. | 113 607 829. | .23940037 .23940037 .8003
10 - 50.254562 113 908 853. | 113 908 853. | .50500235 .50500235 .8009
15 1(#66) 50.423545 114 154 675. | 114 232 061. | .72189806 .79017791 .8015
20 1(#66) 50.521872 114 437 077. | 114 560 468. | .97106932 |1.07994069 .8041
30 1(#66) 50.518645 115 548 163. | 115 672 161. |1.95141192 |2.06081888 .8215
40 1(#66) 50.615272 115 670 418. | 115 791 867. |2.05928096 |2.16643885 .8202
50 1(#66) 51.039532 116 186 454. | 116 564 294. | 2.51459414 | 2.84797305 .8215
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Table H-4

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE =10% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | (CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.000048 119 634 210. | 119 634 210. - - .9000
5 - 50.125251 119 939 451. | 119 939 451.| .25514524 .25514524 .9004
10 - 50.254599 120 278 117. | 120 278 117.| .53822982 .53822982 .9010
15 1(#66) 50.423057 120 563 307. | 120 640 643.| .7766148] .84125852 .9018
20 1(#66) 50.519413 120 882 036. | 121 005 501.|1.04303442 1.14623649 .9046
30 1(#66) 50.513147 122 145 268. | 122 269 228.|2.09894642 2.20256227 .9246
40 1(#66) 50.613176 122 270 284. | 122 391 636.] 2.20344496 2.30488083 .9227
50 1(#66) 51.040848 122 892 003. | 123 269 360.|2.72312823 3.03855389 .9242
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Table H-5

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 7% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.000026 121 628 778. | 121 628 778. - - .9317
5 - 50.125301 121 944 953. | 121 944 953.| .2599508] .25995081 .9320
10 - 50.254564 122 295 351. | 122 295 351.| .54803888 .54803888 .9327
15 1 (#66) 50.423182 122 593 598. | 122 670 984.| .79324976 .85687451 .9334
20 1 (#66) 50.519295 122 924 541. | 123 048 010.]1.06534244 | 1.11685542 .9364
30 1 (#66) 50.521965 124 233 227. | 124 357 111.(2.14130983 | 2.24316403 .9567
40 1 (#66) 50.613986 124 363 923. | 124 485 262.12.24876466 | 2.34852645 .9551
50 1 (#66) 51.040182 125 006 880. | 125 386 606.|2.77738708 | 3.08958790 .9568
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Table H-6

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) TO THE
(UNIT NOS.) USING USING WEIGHTED AVE.
FUEL COST 1 |FUEL COST 2 | BASE FUEL PRICE
BASE CASE - 49.999162 132 224 001. | 132 224 001. - - 1.1000
5 - 50.125231 132 599 505. | 132 599 505. | .2839908 .2839908 1.1004
10 - 50.253397 133 010 063. | 133 010 063. | .59449267 | .59449267 1.1012
15 1(#66) 50.423036 133 379 023. | 133 456 412. | .87353430 | .93206301 1.1021
20 1(#66) 50.521078 133 783 451. | 133 906 938. | 1.17940009 |1.27279237 1.1056
30 1(#66) 50.539893 134 899 478. | 135 023 726. | 2.02344352 [2.11741135 1.1222
40 1(#66) 50.613693 135 476 466. | 135 597 926. | 2.45981514 [2.55167440 1.1278
50 1(#66) 51.040804 136 292 728. | 136 669 942. | 3.07714784 |3.36243188 1.1296
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AUXILIARY FUEL PRICE = 20% MORE THAN THE BASE FUEL PRICE

Table H-7

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO QOF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 FUEL COST 2 | WETGHTED AVE.
BASE FUEL PRICE
BASE CASE - 49.999581 138 519 124. | 138 519 124. - - 1.2000
5 - 50.125246 138 927 558. | 138 927 558. | .29485748 .29485748 1.2008
10 - 50.253714 139 376 298. [ 139 376 298. | .61881275 .61881275 1.2013
15 1(#66) 50.42430 139 789 758. | 139 866 752. | .91729861 . 97288227 1.2023
20 1(#66) 50.519743 140 227 270.; 140 350 502. [1.23314814 1.32211202 1.2061
30 1(#66) 50.524953 141 919 240. | 142 043 188. |2.45461845 2.54409924 1.2323
40 1(#66) 50.614054 142 078 496. | 142 199 774. |2.56958887 2.65714213 1.2303
50 1(#66) 51.042712 142 993 812. | 143 371 736. 13.23037559 3.50320724 1.2323
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Table H-8

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 49.998392 144 812 318. | 144 812 318. - - 1.3000
5 - 50.125018 145 258 064. | 145 258 064.| .30780945 . 30780945 1.3005
10 - 50.254299 145 747 050. | 145 747 050.| .64547823 .64547823 1.3014
15 1(#66) 50.423573 146 196 632. | 146 273 770.| .95593663 | 1.00920419 1.3025
20 1(#66) 50.513751 146 635 500. | 146 758 894.| 1.25899649 | 1.34420608 1.3063
30 1(#66) 50.521375 148 498 622. | 148 622 424.| 2.5455735 2.631064383 1.3350
40 1(#66) 50.616147 148 689 654. | 148 810 998. | 2.67749044 | 2.76128444 1.3328
50 1(#66) 50.698537 149 260 978. | 149 379 900. | 3.07201767 | 3.1541391 1.3372
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Table H-9
RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 40% MORE THAN THE BASE FUEL PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL-COST 2 | WEIGHTED AVE.
' BASE FUEL PRICE
BASE CASE - 50.000073 151 115 390. | 151 115 390. - - 1.4000
5 - 50.124004 151 585 414. | 151 585 414. | .31103649 .31103649 1.4005
10 - 50.254687 152 117 146. | 152 117 146. | .66290799 .66290799 1.4016
15 1(#66) 50.422855 152 603 084. | 152 680 304. | .9844755 1.03557551 1.4027
20 1(#66) 50.512946 153 078 864. | 153 202 334. |1.2993210 1.38102677 1.4068
30 1(#66) 50.513904 155 060 028. | 155 184 294. |2.61034825 2.69258079 1.4377
40 1(#66) 50.614334 155 287 118. | 155 408 568. [2.76062417 2.84099323 1.4353
50 1(#66) 50.696978 155 903 086. | 156 022 252. |3.16823849 3.24709609 1.4400




Table H-10
RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 40% LESS THAN THE BASE FUEL PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED CORRELATION FACTOR = 0.24

€1-H

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.000033 105 781 225. | 105 781 225. - - .6000
5 1(#66) 40.154656 105 981 701. | 105 988 147.| .18951945 .19561316 .6003
10 1(#66) 40.447560 106 110 041. | 106 321 663.] .31084533 .51090162 .6012
15 2(#62,66) 40.726456 106 233 526. | 106 631 810 .42758154 .80409826 .6017
20 2(#62,66) 40.880028 106.418 303. | 106 911 602. | .60225999 | 1.06859888 .6041
30 2(#62,66) 40.954760 107 002 357. | 107 560 630. | 1.15439388 | 1.68215579 .6152
40 2(#62,66) 41.333864 107 235 622. | 108 032 788. | 1.37491034 | 2.12850907 .6165
50 2(#62,66) 42.292874 107 423 210. | 108 888 565. | 1.55224614 | 2.93751559 .6138




P1-H

AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-11

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.999921 110 817 141. | 110 817 141. - - .7000
5 1(#66) 40.154501 111 052 328. | 111 058 565. | .212298 .21785799 .7003
10 1(#66) 40.447513 111 236 129. | 111 447 664. | .37808952 .56897605 L7013
15 2(#62,66) 40.726637 111 431 719. 111 809 914. | .53653973 .89586591 .7020
20 2(#62,66) 40.880017 111 642 273. | 112 136 022. | .74500207 ] 1.19014169 .7047
30 2(#62,66) 41.436166 112 511 411. | 113 463 061. | 1.52888802 | 2.38764504 .7181
40 2(#62,66) 41.334353 112 646 698. | 113 444 418. | 1.65096931 | 2.37082183 .7193
50 2(#62,66) 41.835152 112 878 753. | 114 000 244. | 1.86037283 | 2.87239227 .7180




ST-H

AUXILIARY FUEL PRICE = 20% LESS THAN THE BASE FUEL PRICE

Table H-12

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST1 |[FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.999975 115 854 980. | 115 854 980. - - .8000
5 1(#66) 40.154602 116 124 371. | 116 130 848. | .23252432 .23811492 .8004
10 1(#66) 40.447500 116 363 974. | 116 575 509. | .43933718 .62192319 .8015
15 2(#62,66) 40.727064 116 591 976. | 116 990 190. | .63613666 . 97985429 .8023
20 2(#62,66) 40.880191 116 868 846. | 117 362 138. | .87511645 | 1.30090047 .8054
30 2(#62,66) 41.429589 117 917 196. | 118 867 827. |1.77999772 |2.60053298 .8207
40 2(#62,66) 41.335157 118 061 971. | 118 859 412. |1.90495998 |2.59326962 .8221
50 2(#62,66) 42.286706 118 520 615. | 119 986 546. |2.30083764 |3.56615311 .8184
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-13

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR| NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.000025 120 893 150. | 120 893 150. - - .9000
5 1(#66) 40.154634 121 197 015. | 121 203 499. | .25135005 .25671346 .9005
10 1(#66) 40.447534 121 492 223. | 121 703 744. | .49553924 .67050449 .9018
15 2(#62,66) 40.726485 121 771 025. | 122 169 186. | .72615776 | 1.05550727 .9026
20 2(#62,66) 40.877230 122 089 669. | 122 583 020. | .98973267 1.39782113 .9061
30 2(#62,66) 41.417473 123 339 596. | 124 285 749. 2.02364317 2.80627891 .9238
40 2(#62,66) 41.332909 123 470 941. | 124 268 384. [2.13228869 | 2.79191497 .9248
50 2(#62,66) 42.288228 124 079 649 125 544 936 [2.63579780 | 3.84784907 .9207




L1-H

Table H-14

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 7% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING ISING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.999999 122 488 793. | 122 488 793. - - .9317
5 1 (#66) 40.154719 122 803 765. | 122 810 285. .25714352 | .26246646 .9321
10 1 (#66) 40.447436 123 116 415. | 123 327 852. .51239136 | .68500879 .9334
15 1 (#66) 40.726666 123 411 881. |123 810 139. .75361016 {1.07874848 . 9343
20 2 (#62,66) 40.877083 123 744 459. | 124 237 808. 1.02512725 |1.42789797 .9379
30 2 (#62;66) 41.433740 125 055 278. |126 005 331. 2.09528148 |2.87090591 . 9557
40 2 (#62,66) 41.333844 125 187 401. 125 984 827. 2.20314685 12.85416642 .9573
50 2 (#62,66) 42.287758 125 831 415. |[127 300 041. 2.72892067 |3.92790872 .9531
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Table H-15
RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED CORRELATION FACTOR = 0.24
% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL IAUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.998961 130 964 484.1 130 964 484, - - 1.1000
5 1 (#66) 40.15460 131 339 752.| 131 346 222.| .28654181 .29148208 1.1005
10 1 (#66) 44.446270 131 742 748.| 131 954 528. | .59425577 .75596374 1.1021
15 2(#62,66) 40.726664 132 128 251. | 132 526 715.| .88861267 | 1.19286615 1.1032
20 2(#62,66) 40.879313 132 543 443. | 133 036 930. | 1.20563908 | 1.58244887 1.1074
30 2(#62,66) 40.956861 133 673 795.| 134 233 156. | 2.06873721 | 2.49584612 1.1279
40 2(#62,66) 41.33344 134 295 968. | 135 093 592. | 2.54380724 | 3.15284559 1.1303
50 2(#62,66) 42.289301 135 188 068. | 136 654 462. | 3.22498426 | 4.34467256 1.1253
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Table H-16

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 20% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.999465 136 000 784. | 136 000 784. - - 1.2000
5 1(#66) 40.154642 136 409 546. | 136 416 050.| .30055856 .30534088 1.2005
10 1(#66) 40.446621 136 868 688. | 137 080 428.| .63816102 .79385129 1.2023
15 2(#66,68) 40.727018 137 309 660. | 137 706 302.| .96240326 1.25405011 1.2034
20 2(#66,68) 40.877039 137 763 550. | 138 255 942.| 1.29614398 1.65819483 1.2081
30 2(#66,68) 41.436862 139 589 996. | 140 540 340.| 2.63911122 3.33788952 1.2310
40 2(#66,68) 41.333905 139 707 720. | 140 504 926.| 2.72567248 3.31184998 1.2330
50 2(#66,68) 42.290340 140 743 044. | 142 208 952.| 3.48693573 | 4.56480306 1.2276
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-17

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 39.998037 141 034 490. | 141 034 490. - - 1.3000
5 1(#66) 40.154659 141 481 196. | 141 488 134. | .31673529 .32165465 1.3006
10 1(#66) 40.44724 141 998 484. | 142 210 100. | .68351649 .83356206 1.3025
15 2(#62,66) 40.726423 142 487 032. | 142 884 166. {1.02991970 | 1.31150614 1.3037
20 2(#62,66) 40.870416 142 947 906. | 143 441 118. {1.35670075 | 1.70641096 1.3084
30 2(#62,66) 41.432246 144 994 296. | 145 944 020. |2.80768624 | 3.48108464 1.3336
40 2(#62,66) 41.336422 145 128 094. | 145 925 514. {2.90255523 | 3.46796301 1.3358
50 2(#62,66) 41.835673 145 830 138. | 146 952 168. |[3.40033704 | 4.19590831 1.3335
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AUXILIARY FUEL PRICE = 40% MORE THAN THE BASE FUEL PRICE

Table H-18

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.000054 146 078 108. | 146 078 108. - - 1.4000
5 1(#66) 40.153738 146 549 800. | 146 557 176.| .32290396 .32795332 1.4007
10 1(#66) 40.447638 147 127 638. | 147 339 154.| .71847179 .86326829 1.4027
15 1(#66) 40.725788 147 664 052. | 148 061 544. | 1.08568218 | 1.35779141 1.4040
20 2(#62,66) 40.86961 148 167 328. | 148 660 812. | 1.43020745 | 1.76802945 1.4090
30 2(#62,66) 41.424642 150 381 668. | 151 333 390. | 2.94606772 | 3.59758356 1.4362
40 2(#62,66) 41.334370 150 534 864. | 151 332 580. | 3.05094036 | 3.59702906 1.4386
50 2(#62,66) 41.834767 151 317 184. | 152 440 454, | 3.58648947 | 4.35544109 1.4361




¢¢-H

AUXILIARY FUEL PRICE = 40% LESS THAN THE BASE FUEL PRICE

Table H-19

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.000038 110 818 141. | 110 818 141. - - .6000
5 3(#45,62,66) 30.586174 110 801 652. | 111 341 562.| -.01487933 47232429 .6007
10 3(#45,62,66) 31.194827 110 808 558. | 111 902 012.| -.00864750 .97806279 .6018
15 3(#45,62,66) 31.558185 110 905 092. | 112 261 173.| .07846279 | 1.30216224 .6025
20 4(§§5621’ 31.812320 | 111 054 638. | 112 610 011.| .213410 | 1.61694644 .6054
4(#45,61,
30 62.66) 32.191380 111 556 636. | 113 410 141.| .66640262 | 2.33896723 .6166
5(#23,45,
40 61.62.66) 33.121977 111 622 862. | 114 185 645.| .72616360 | 3.0387660 .6142
5(#23,45,
50 61.62.66) 34.005986 111 842 857. | 114 968 755.| .92468254 | 3.74542826 .6121
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Table H-20

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 { % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED $) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 29.999906 114 595 058. | 114 595 058. - - .7000
5 3(#45,62,66) 30.585947 114 666 015. | 115 205 646.| .06191977 .53282227 .7008
10 3(#45,62,66) 31.194719 114 766 194. | 115 859 494.| .14933977 | 1.10339487 .7020
15 3(#45,62,66) 31.558420 114 922 983. | 116 278 994. | .28615981 | 1.46946651 .7029
4(#45,61,
20 62.66) 31.812308 115 130 275. | 116 685 640. | .46705068 | 1.82432124 .7063
30 3(#45,62,66) 33.014391 115 880 547. | 118 364 498. | 1.12176652 | 3.2893565 .7156
5(#23,45, '
40 61.62.66] 33.122187 115 960 877. | 118 523 948. | 1.19186553 | 3.4284986 .7166
5(#23,45,
50 61 62.66) 33.668155 116 179 995. | 119 108 361. | 1.38307622 | 3.9384796 .7157
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AUXILIARY FUEL PRICE = 20% LESS THAN THE BASE FUEL PRICE

Table H-21

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 | FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE | (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.999969 | 118 373 452. | 118 373 452. g - .8000
5 3(#45,62,66) | 30.586009 | 118 531 371. | 119 071 206. | .13340745 | 58945142 .8010
10 3(#45,62,66) | 31.194779 | 118 728 160. | 119 818 550. | .29711730 | 1.22079569 8023
15 3(#45,62,66) | 31.558915 | 118 942 550. | 120 298 587. | .48076489 | 1.62632329 .8033
4(#45,61,
20 P 31.812501 119 207 215. | 120 762 571. | .70434965 | 2.01828959 8072
30 3(#45,62,66) | 33.006857 | 120 187 446. | 122 670 197. |1.53243312 | 3.62982448 .8179
40 5(#23,45, 33.123003 | 120 302 730. | 122 865 291. |1.62982321 | 3.79463378 8189
61,62.66) : . T . ,
50 5(#23,45, 33.999561 120 769 151. | 123 896 731. |2.02384821 | 4.66597778 8162
61,62.66) : ' - |2 : :
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-22

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL €OST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.000027 122 152 084. | 122 152 084. - - .9000
5 3(#45,62,66) 30.586040 122 397 267. | 122 937 066. | .20071946 .64262678 .90M
10 3(#45,62,66) 31.1794821 122 684 471. | 123 777 844. | .43583947 1.33093104 .9027
15 3(#45,62,66) 31.558211 122 960 836. | 124 316 763. | .66208612 1.77211793 .9037
4(#45,61, .
20 62.66) 31.809079 123 278 769. | 124 834 183. | .92236248 2.19570464 .9082
30 3(#45,62,66) 32.993795 124 510 866. | 126 989 118. (1.93102068 3.95984563 .9207
5(#23,45, .
40 61,62.66) 33.122038 124 638 177. | 127 202 634. 2.03524402 4.13464087 .9213
5(#23,45,
50 34.000834 125 242 920. | 128 368 930. 2.53031784 5.08943093 .9182

61,62,66)
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Table H-23

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 7% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 29.999997 123 348 802.| 123 348 802. - - .9317
5 3(#45,62,66) 30.586205 123 621 795.| 124 161 720.| .22131792 .65904004 .9328
10 3(#45,62,66) 31.194644 123 938 434.| 125 031 629.| .47802004 | 1.36428320 .9344
15 3(#45,62,66) 31.558422 124 234 045.| 125 590 087.| .71767458 | 1.81703019 .9355
4(#45,61,
20 62.66) 31.808910 124 569 560. | 126 124 971.| .98967965 | 2.25066552 . 9401
30 3(#45,62,66) | 33.010909 125 878 484.{ 128 360 546. | 2.05083627 | 4.0630666 .9525
5(#23,45,
40 61.62.66) 33.122169 126 014 640. | 128 577 974.| 2.16121918 | 4.23933744 .9538
5(#23,45,
50 61.62.66) 34.000636 126 650 559. | 129 781 249. | 2.67676455 | 5.2148435] .9505
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Table H-24

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY | FUEL COST 1 | FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH | USING LESS | FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE | (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 29.998786 | 129 704 973.| 129 704 973. - - 1.1000
5 3(#45,62,66) | 30.585928 | 130 126 988.| 130 666 697. | .32536532 | .74147042 1.1014
10 3(#45,62,66) | 31.194227 | 130 597 870.| 131 692 584. | .68840614 | 1.53240925 1.1032
15 3(#45,62,66) | 31.558397 | 130 997 073.| 132 353 329. | .99618386 | 2.04183072 1.1045
4(#45,61,
20 &) | 31.811481 131 434 569. | 132 990 140. [1.33348472 | 2.53279957 1.1099
30 4(#22’225 32.193805 132 608 766. | 134 463 560. |2.23876765 | 3.66877839 1.1304
5(#23,45, ‘
40 etes | 33.122060 133 316 804. | 135 880 780. [2.78465113 | 4.76142728 1.1261
5(#23,45,
50 34.001772 | 134 180 652. | 137 307 456 [3.45066103 | 5.86136663 1.1222

61,62,66)
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AUXILIARY FUEL PRICE = 20% MORE THAN THE BASE FUEL PRICE

Table H-25

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 29.999374 133 482 451. 1 133 482 451. - - 1.2000
5 3(#45,62,66) 30.586123 133 990 726. | 134 530 644. | .38078039 . 78526727 1.2014
10 3(#45,62,66) 31.194305 134 555 530. | 135 645 794. | .80391091 1.62369208 1.2035
15 3(#45,62,66) 31.559029 135 018 358. ¢ 136 372 784. 11.15064414 2.16532880 1.2049
4(#45,61,
20 62.66) 31.808867 135 506 048. | 137 060 348. |1.51600303 2.68042576 1.2108
30 3(#45,62,66) 33.015167 137 465 414. | 139 947 814. (2.98388588 4.843606 1.2267
5(#23,45, .
40 61,62.66) 33.122211 137 655 650. | 140 218 736. |3.12640348 5.04657048 1.2284
5(#23,45,
50 61,62.66) 34.003032 138 650 654. | 141 777 132. (3.87182280 6.21406180 1.2242
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Table H-26

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 29.997709 137 256 672. | 137 256 672. - - 1.3000
5 3(#45,62,66) 30.586025 137 855 610. | 138 395 878. | .43636348 .82998224 1.3016
10 3(#45,62,66) 31.194635 138 516 310. | 139 609 974. | .91772442 | 1.71452649 1.3038
15 3(#45,62,66) 31.558275 139 035 002. | 140 389 910. [1.29562370 | 2.28275824 1.3053
20 3(#45,62,66) 31.801211 139 541 192. | 141 096 432. |1.66441453 | 2.79750332 1.3112
30 3(#45,62,66) 33.009883 141 770 702. | 144 252 378. |3.28875086 | 5.09680575 1.3290
5(#23,45, 7
40 61.62.66) 33.122317 142 001 110. | 144 561 166. |3.45661736 | 5.32177699 1.3308
5(#23,45,
50 61.62.66] 33.668661 142 716 064. | 145 644 790. [3.97750571 | 6.11126429 1.3291
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AUXILIARY FUEL PRICE = 40% MORE THAN THE BASE FUEL PRICE

Table H-27

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% .RMS ERROR

NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2 { WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.000062 141 040 840. | 141 040 840. - - 1.4000
5 3(#45,62,66) 30.584992 141 717 540. | 142 258 362.| .47979011 .86324073 1.4017
10 3(#45,62,66) 31.194812 142 476 454, | 143 569 662.| 1.01787113 | 1.79297143 1.4041
15 3(#45,62,66) 31.557491 143 051 330. | 144 406 588.| 1.42546654 | 2.38636410 1.4057
4(#45,61, '
20 62.66) 31.800274 143 611 438. | 145 166 984.{ 1.82259125 | 2.92549585 1.4121
30 3(#45,62,66) 33.001198 146 059 190. | 148 543 208.| 3.55808288 | 5.31928766 1.4312
5(#23,45,
40 61.62.66) 33.122185 146 335 544. | 148 898 544.| 3.75402185 | 5.5712260 1.433]
5(#23,45, )
50 61.62.66) 33.671604 147 136 336. | 150 071 264.| 4.32179499 | 6.40270150 1.4314
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Table H-28

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 40% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.000041 115 855 059. | 115 855 059. - - .6000
5 3(#45,62,66) 21.375386 115 471 328. | 116 973 116.| -.33121644 .96504805 .6015
7(#23,41,43,
10 45 61.62.66) 22.296139 115 347 958. | 117 758 868.1 -.43770294 | 1.64326790 .6031
7(#23,41,43, R
15 45, 61.62.66) 22.975985 115 309 092. | 118 349 742.| -.47125002 | 2.15327930 .6041
10(#23,36,
20 41,43,45,61, 23.568107 115 273 125. | 118 948 572.| -.50229485 | 2.67015788 .6082
62,66,68,77)
9(#23,36,
30 41,43,45,61, 24.891672 115 379 725. | 120 278 460.| -.41028333 | 3.81804731 .6150
62,66,78) :
9(#23, 36,
40 41,43,45,61, 25.863752 115 424 537. | 121 077 093.] -.37160397 | 4.50738537 .6129
62,66,78)
9(#23,36,
50 41,43,45,?1, 26.751573 115 653 108. | 121 851 360.| -.17431349 | 5.17569196 .6113
62,66,78
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-29

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 19.999891 118 372 984, | 118 372 984. - - .7000
5 3(#45,62,66) 21.375157 118 175 767. | 119 677 276.| -.16660643 | 1.10184938 .7018
7(#23,41,43,
10 45 61.62.66) 22.295958 118 183 245. | 120 593 897. | -.16028911 | 1.87619922 .7036
7(#23,41,43,
15 45 61.62.66) 22.975594 118 243 383. | 121 283 173. | -.10948529 | 2.45849085 .7048
10(#23,36,
20 41,43,45,61, 23.569342 118 305 891. | 121 983 182. | -.05667932 | 3.04984960 .7096
62,66,68,77)
9(#23,36,
30 41,43,45,61, 25.302357 118 969 689. | 123 912 874.| .50408883 | 4.68002898 .7140
62,66,78)
9(#23,36,
40 41,43,45,61, 25.864094 118 812 490. | 124 465 521. | .37128911 | 5.14689821 .7151
9(#23,36,
50 41,43,45,61, 26.419163 119 034 683. | 125 046 764. | .55899495 | 5.63792497 .7145
62,66,78) :
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Table H-30

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 20% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR| NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 19.999963 120 891 930. | 120 891 930. - - .8000
5 3(#45,62,66) 21.375209 120 880 797. | 122 382 511. |-.00920905 | 1.23298635.. .8021
10 gg#gg’ggs 22.296118 121 019 390. | 123 430 283. | .10543301 | 2.0996877 .8041
5(#23,45, )
15 61.62.66) 22.976064 121 178 734. | 124 218 450. | .23723999 | 2.75164768 .8055
9(#23,36,45,
20 61,62,66, 23.568905 121 340 830. | 125 017 135. | .37132338 | 3.41230798 .8110
68,77,43)
8(#23,36,43,
30 45,61,62, 25.300839 122 269 546. | 127 219 201. |1.13954338 | 5.23382407 .8160
66,78)
8(#23,36,43,
40 45,61,?2, 25.865769 122 203 659. | 127 857 255. |1.08504264 | 5.76161283 .8173
66,78
8(#23,36,43,
50 45,61,?2, 26.749048 122 673 917. | 128 880 874. |1.47403304 | 6.6083352 .8151
66,78
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-31

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0,24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.000029 123 411 019. | 123 411 019. - - .9000
5 3(#45,62,66) 21.375243 125 586 282. | 125 087 960.| .14201568 1.3588260 .9023
7(#23,41,43,
10 45 61.62.66) 22.296330 123 855 849. | 126 266 912. | .36044594 2.31413129 .9046
7(#23,41,43,
15 45 61.62.66] 22.976034 124 112 673. | 127 153 181. | .56855053 | 3.03227544 .9062
T0(#23,36,41,
20 43,45,61,62, 23.565617 124 369 546. | 128 046 916. | .77669483 3.75646928 .9124
66,68,77)
11(#23,36,41,
30 43,45,46,61, 25.280405 125 578 645. | 130 522 343. |1.75642824 5.76230884 .9188
62,68,77)
9(#23,36,41,
40 43,45,6;,62, 25.864155 125 588 951. | 131 243 931. [1.76477921 6.34701186 .9194
66,78
9(#23,36,41,
50 43,45,6;,62, 26.750266 126 196 460. | 132 401 440. [2.25704399 7.28494185 .9170
66,78
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Table H-32

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 7% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR| NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION  (CONSUMPTION) TO THE
(UNIT NOS.) USING USING WEIGHTED AVE.
FUEL COST 1 |FUEL COST 2 | BASE FUEL PRICE
BASE CASE - 19.999995 124 208 820. | 124 208 820. - - .9317
5 3(#45,62,66) 21.375418 124 443 280. | 125 945 083.| .18876276 |1.39785805 .9341
7(#23,41,43,
10 45 616266 22.296173 124 754 186. | 127 165 106. | .43907188 (2.38009346 .9364
7(#23,41,43, -
15 45 616266 22.975948 125 042 479. | 128 082 729.| .67117536 |3.11886385 .9381
10(#23,36,41,43,
20 61.62.66.68,77) 23.565139 125 330 283. | 129 007 211.| .90288516 |3.86316445 .9444
9(#23,36,41,43,
30 35 61.62.66.78] | 25-305124 126 636 199. | 131 585 000. | 1.95427264 |5.93853158 .9503
9(#23,36,41,43,
40 15.61.62.66.78) 25.864073 126 664 525. | 132 317 882. | 1.97707780 |6.52857178 .9518
50 9(#23,36,41,43, | 55 749755 133 512 699. | 2.49099460 |7.49051392 .9492

45,61,62,66,78)

127 302 855.
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-33

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 19.998611 128 445 462. | 128 445 462. - - 1.1000
5 2(#45,66) 21.375129 128 995 745. | 130 497 333.| .42841763 | 1.59746477 1.1028
7(#23,41,43,
10 25.61.62.66 22.295171 129 524 045. | 131 936 042.| .83972059 | 2.71755806 1.1056
7(#23,41,43,
15 45.61.62.66) 22.975821 129 980 892. | 133 021 258.| 1.19539450 | 3.56244272 1.1075
10(#23,41,43,
20 45,61,62,66, | 23.567124 130 441 139. | 134 116 932.| 1.55371547 | 4.41546935 1.1151
68,77,36)
9(#23,41,43,
30 36,45,61,62, | 24.893646 131 661 578. | 136 560 702.| 2.50387669 | 6.31804335 1.1275
66,78)
9(#23,36,41,
40 43,45,6},62, 25.864403 132 367 352. | 138 022 080. | 3.05335039 | 7.45578545 1.1237
66,78
9(#23,36,41,
50 43,45,6;,62, 26.750410 133 232 084. | 139 436 612. | 3.73657934 | 8.55705595 1.1207
66,78
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AUXILIARY FUEL PRICE = 20% MORE THAN THE BASE FUEL PRICE

Table H-34

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY | FUEL COST 1 | FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH | USING LESS | FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE | (% OF TOTAL AUX. FUEL PRICE
ALLOCATION  |CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 10.999283 | 130 964 116. |130 964 116. - - 1.2000
5 3(#45,62,66) | 21.375327 131 699 726. | 133 201 524. | .56168821 |1.7084130 1.2030
10 4(23562}’ 22.295489 132 359 540. | 134 771 298. | 1.06550102 | 2.90704209 1.2061
7(#23,41,43,
15 15 61 b ee] | 22.976643 | 132 918 482. |135 956 930. | 1.49229121 | 3.81235269 1.2082
T0(#23. 36,
20 41,43,85.61, | 23.564460 | 133 470 689. | 137 145 398. | 1.91393876 | 4.71982872 1.2164
62.66.68.77)
(#2336,
30 41,43,85,61, | 25.303133 | 135 523 140. | 140 464 254. | 3.48112452 | 7.25400072 1.2240
62,66,78)
5(#23,36,
40 41,43,85,61, | 25.864194 | 135 756 466. | 141 409 656. | 3.65928480 | 7.97587937 1.2258
62,66,78)
(#2336,
50 41.43,85.61, | 26.750705 | 136 751 256. | 142 953 808. | 4.41887456 | 9.15494430 1.2226

62,66,78)
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-35

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 19.997379 133 478 851. | 133 478 851. - - 1.3000
5 3(#45,62,66) 21.375186 134 404 246. | 135 906 392.| .69329035 | 1.81867163 1.3033
7(#23,41,43,
10 45 61,6266 22.296061 135 197 596. | 137 608 910. | 1.28765418 | 3.09416807 1.3066
7(#23,41,43,
15 45 61,6266 22.976312 135 851 152. | 138 890 774. | 1.7772868 | 4.05451798 1.3089
10(#23,36,
20 41,43,61,62, 23.467758 136 410 280. | 139 994 090. | 2.19617561 | 4.88110286 1.3175
66,68,77,45)
9(#23, 36,
30 41,43,45,61, 25.298491 138 822 170. | 143 764 218. | 4.00312102 | 7.70561618 1.3260
62,66,78)
9(#23, 36,
40 41,43,45,61, 25.86461 139 151 574. | 144 801 748. | 4.24990469 | 8.48291540 1.3280
62,66,78)
9(#23,36,
50 41,43,45,6;, 26.419642 139 866 808. | 145 879 330. | 4.78574544 | 9.2902086 1.3270
62,66,78
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AUXILIARY FUEL PRICE = 40% MORE THAN THE BASE FUEL PRICE

Table H-36

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 | % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.000069 136 003 576. | 136 033 576. - - 1.4000
5 3(#45,62,66) 21.373966 137 105 856. | 138 608 556.| .81047868 | 1.91537610 1.4036
7(#23,41,43,
10 45 616266 22.296357 138 035 016. | 140 445 946.| 1.49366659 | 3.26636261 1.4071
7(#23,41,43,
15 45 61,6266 22.975547 138 783 426. | 141 823 610.| 2.04395360 | 4.27932417 1.4096
g,(#23,36,
20 41,43,45,61, 23.466317 139 426 828. | 143 010 412.| 2.51703086 | 5.15194982 1.4188
62,66,77)
9(#23,36,
30 41,43,45,61, 25.297705 142 109 358. | 147 065 222.| 4.48942751 | 8.13334930 1.4280
62,66,78)
9(#23,36, :
40 41,43,45,61, 25.864196 142 535 686. | 148 188 802.| 4.80289572 | 8.95948935 1.4302
62,66,78)
9(#23, 36,
50 41,43,45,61, 26.421464 143 336 064. | 149 353 482.| 5.39139348 | 9.81584907 1.4291

62,66,78)
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-37

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.00 107 039 210. | 107 039 210. - - .7000
1 - 50.17 107 419 000. | 107 419 000. .3548 .3548 .7012
2 - 50.38 107 845 970. | 107 845 970. .7537 .7537 .7022
3 1 50.65 107 919 380. | 108 202 720. .8223 1.0870 .7032
4 1 50.94 107 847 230. | 108 505 360. .7599 1.3697 .7041
5 1 50.96 107 856 190. | 108 544 690. .7632 1.4064 .7042
6 1 50.97 107 860 870. | 108 555 580. .7676 1.4166 .7043
7 1 50.97 107 855 380. | 108 551 240. .7625 1.4126 .7044
8 1 50.97 107 860 220. | 108 555 130. .7670 1.4162 .7044
9 1 50.97 107 859 730. | 108 555 020. .7666 1.4161 .7044
10 1 50.97 107 864 930. | 108 560 970. L7714 1.4217 .7044
1 1 50.97 107 867 010. | 108 561 560. .7734 1.4222 .7044
12 1 50.97 107 875 400. | 108 570 360. .7812 1.4305 .7044
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-38

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 |FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.14 120 050 740. | 120 050 740. - - .9014
1 - 50.22 120 272 990. | 120 272 990. .5339 .5339 .9020
2 - 50.26 120 376 330. | 120 376 330. .6203 .6203 . 9024
3 - 50.27 120 414 100. | 120 414 100. .6519 .6519 .9026
4 - 50.27 120 425 260. | 120 425 260. .6612 .6612 .9027
5 1 50.35 120 413 880. | 120 552 490. .6517 . 7425 .9030
6 1 50.37 120 391 140. | 120 546 520. .6327 .7626 .9032
7 1 50.38 120 385 230. | 120 548 200. .6278 . 7640 .9032
8 1 50.38 120 381 880. | 120 548 480. .6250 . 7642 .9032
9 1 50.38 120 380 306. | 120 548 840. .6236 .7645 .9032
10 1 50.38 120 379 560. | 120 548 980. .6230 .7646 .9032
11 1 50.38 120 379 230. | 120 549 080. .6227 .7647 .9032
12 1 50.38 120 378 970. | 120 549 150. .6225 .7648 .9032
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-39

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.00 132 224 000. | 132 224 000. - - 1.1000
1 - 50.12 132 663 440. ) 132 663 440. .3323 .3323 1.1016
2 - 50.11 132 636 540. | 132 636 540. .3120 .3120 1.1016
3 - 50.12 132 657 560. | 132 657 560. .3279 .3279 1.1016
4 - 50.12 132 649 090. | 132 649 090. .3215 .3215 1.7016
5 - 50.12 132 657 120. | 132 657 120. .3276 .3276 1.1016
6 - 50.12 132 655 640. | 132 655 640. .3264 . 3264 1.1016
7 - 50.12 132 656 260. | 132 656 260. . 3269 . 3269 1.1016
8 - 50.12 132 656 060. | 132 656 060. . 3268 . 3268 1.1016
9 - 50.12 132 656 160. | 132 656 160. .3268 .3268 1.1016
10 - 50.12 132 656 070. | 132 656 070. . 3268 . 3268 1.1016
11 - 50.12 132 656 150. | 132 656 150. .3268 . 3268 1.7016
12 - 50.12 132 656 070. | 132 656 070. . 3268 .3268 1.1016
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-40

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 50% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1{ FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 50.00 144 812 320. | 144 812 320. - - 1.3000
1 - 50.10 145 252 350. { 145 252 350. .3039 .3039 1.3016
2 - 50.05 145 065 140. | 145 065 140. .1746 .1746 1.3011
3 - 50.07 145 147 100. | 145 147 100. .2312 .2312 1.3014
4 - 50.06 145 085 870. { 145 085 870. .1889 .1889 1.3012
5 - 50.06 145 109 280. | 145 109 280. .2051 . 2051 1.3013
6 - 50.06 145 094 180. | 145 094 180. .1946 .1946 1.3012
7 - 50.06 145 108 610. | 145 108 610. .2046 .2046 1.3013
8 - 50.06 145 097 790. | 145 097 790. L1971 197 1.3012
9 - 50.06 145 105 540. | 145 105 540. .2025 .2025 1.3013
10 - 50.06 145 099 120. | 145 099 120. .1981 .1981 1.3012
11 - 50.06 145 105 300. | 145 105 300. .2023 .2023 1.3013
12 - 50.06 145 100 650. | 145 100 650. .1991 L1991 1.3012
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-41

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.00 110 817 140. | 110 817 140. - - .7000
1 - 40.27 111 304 510. | 111 304 510. .4398 .4398 .7018
2 41.23 111 374 200. | 112 390 980. .5027 1.4202 .7044
3 41.50 111 423 930. | 112 717 470. .5476 1.7148 .7054
4 10 41.61 111 436 860. | 112 852 690. .5592 1.8369 .7059
5 10 41.70 111 433 620. | 112 950 320. .5563 1.9250 .7062
6 10 41.71 111 444 820. | 112 973 500. .5664 1.9459 .7063
7 10 41.71 111 454 990. | 112 977 670. .5756 1.9497 .7064
8 10 41.70 111 475 370. | 112 974 920. .5940 1.9472 .7064
9 10 41.69 111 480 610. | 112 963 670. .5987 1.9370 .7064
10 10 41.68 111 482 170. | 112 954 470. .6001 1.9287 .7064
11 10 41.67 111 4971 410. | 112 950 830. .6085 1.9260 .7064
12 10 41.66 111 505 410. | 112 949 090. .6211 1.9238 .7064
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-42

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION [NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.00 120 893 150. | 120 893 150. - - .9000
1 - 40.23 121 440 670. | 121 440 670. .4529 .4529 .9021
2 3 40.52 121 679 550. | 121 917 330. .6505 .8472 .9035
3 6 40.94 121 643 580. | 122 445 190. .6207 1.2838 .9049
4 6 40.94 121 642 210. | 122 451 360. .6196 1.2889 .9049
5 6 40.94 121 643 720. | 122 449 790. .6209 1.2876 .9049
6 6 40.94 121 645 170. | 122 448 330. .6221 1.2864 .9049
7 6 40.94 121 646 060. | 122 447 260. .6228 1.2855 .9049
8 6 40.94 121 646 470. | 122 446 480. .6231 1.2849 .9049
9 6 40.94 121 646 760. | 122 446 010. .6234 1.2845 .9049
10 6 40.94 121 647 120. | 122 445 490. .6337 1.2841 .9049
11 6 40.94 121 647 280. | 122 445 240. .6232 1.2839 .9049
12 6 40.94 121 648 770. | 122 446 370. .6250 1.2848 .9049
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-43

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.00 130 964 480. | 130 964 480. - - 1.1
1 - 40.21 131 565 820. | 131 565 820. .4592 .4592 1.615
2 - 40.19 131 534 450. | 131 534 450. .4352 .4352 1.1025
3 1 40.20 131 556 850. | 131 560 550. .4523 .4551 1.1026
4 1 40.20 131 560 430. | 131 564 700. .4550 .4583 1.1026
5 1 40.20 131 559 500. | 131 563 850. .4543 4577 1.1026
6 1 40.20 131 560 330. | 131 564 640. .4550 .4583 1.1026
7 1 40.20 131 560 410. | 131 564 730. .4550 .4583 1.1026
8 1 40.20 131 560 190. | 131 564 500. .4549 .4582 1.1026
9 1 40.20 131 560 340. | 131 564 660. .4550 .4583 1.1026
10 1 40.20 131 560 230. | 131 564 540. .4549 .4582 1.1026
11 1 40.20 131 560 260. | 131 564 570. .4549 .4582 1.1026
12 1 40.20 131 560 290. | 131 564 610. .4549 .4582 1.1026
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-44

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 60% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 | FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 40.00 141 034 490. | 1471 034 490. - - 1.3000
1 - 40.18 141 663 690. | 141 663 690. .4461 .4461 1.3026
2 - 40.08 141 330 890. | 141 330 890. .2102 .2102 1.3016
3 - 40.13 141 497 370. | 141 497 370. .3282 . 3282 1.3022
4 - 40.10 141 398 050. | 141 398 050. .2578 .2578 1.3017
5 - 40.12 141 473 170. | 141 473 170. .3110 .3110 1.3021
6 - 40.10 141 406 710. | 141 406 710. .2639 .2639 1.3018
7 - 40.12 141 465 760. | 141 465 760. . 3058 . 3058 1.3021
8 - 40.10 141 406 580. | 141 406 580. .2638 .2638 1.3018
9 - 40.11 141 459 360. | 141 459 360. .3013 .3013 1.3021
10 - 40.10 141 407 740. | 141 407 740. .2647 . 2647 1.3018
1 - 40.11 141 456 480. | 141 456 480. .2992 .2992 1.3021
12 - 40.10 141 408 730. | 141 408 730. .2654 .2654 1.3018
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-45

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 114 595 060. | 114 595 060. - - .7000
1 6 30.98 114 798 230. | 115 704 510. -.1773 .9682 .7038
2 12 33.01 114 261 130. | 117 730 230. -.2914 2.7359 .7038
3 14 33.28 114 231 320. | 118 017 200. -.3174 2.9863 .7097
4 14 33.39 114 225 770. | 118 141 620. -.3223 3.0949 .7102
5 14 33.42 114 237 010. | 118 175 740. -.3124 3.1246 .7104
6 15 33.47 114 228 740. | 118 233 780. -.3197 3.1753 L7107
7 15 33.49 114 228 900. | 118 258 440. -.3195 3.1968 .7108
8 15 33.50 114 227 190. | 118 267 540. -.3210 3.2047 .7108
9 15 33.50 114 227 320. | 118 272 760. -.3209 3.2093 .7108
10 15 33.51 114 227 200. | 118 275 180. -.3210 3.2114 .7108
1 15 33.51 114 227 170. | 118 276 300. -.3210 3.2124 .7109
12 15 33.51 114 227 130. | 118 276 880. -.3210 3.2129 .7109
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-46

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 122 152 080. | 122 152 080. - - .9000
] 6 30.78 122 677 460. | 123 330 020. .4301 .9643 .9043
2 12 32.08 122 592 050. | 124 955 090. .3602 2.2947 .9083
3 12 32.23 122 603 900. | 125 144 840. .3691 2.4500 .9088
4 12 32.22 122 612 470. | 125 144 150. .3769 2.4495 .9089
5 12 32.21 122 619 660. | 125 136 760. .3828 2.4434 .9089
6 12 32.21 122 618 600. | 125 130 210. .3819 2.4381 .9089
7 12 32.20 122 618 040. | 125 126 220. .3815 2.4348 .9089
8 12 32.20 122 617 740. | 125 123 890. .3812 2.4329 .9089
9 12 32.20 122 626 830. | 125 125 740. .3887 2.4344 .9089
10 12 32.20 122 627 080. | 125 125 420. .3889 2.4341 .9089
11 12 32.20 122 627 260. | 125 125 140. .3890 2.4339 .9089
12 12 32.20 122 627 370. | 125 124 950. .3891 2.4337 .9089
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-47

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION [NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 129 704 970. | 129 704 970. - - 1.1000
1 "6 30.59 130 429 470. | 130 855 370. .5586 .8869 1.1046
2 6 30.76 130 341 780. | 131 079 300. .4910 1.0596 1.1055
3 6 30.82 130 358 610. | 131 164 5710. .5039 1.1253 1.1057
4 6 30.79 130 341 420. | 131 125 610. .4907 1.0953 1.1056
5 6 30.80 130 347 710. | 131 145 470. .4955 1.1106 1.1056
6 6 30.80 130 344 170. | 131 133 910. .4928 1.1017 1.1056
7 6 30.80 130 346 010. | 131 141 020. .4942 1.1072 1.1056
8 6 30.80 130 345 070. | 131 137 290. .4935 1.1043 1.1056
9 6 30.80 130 345 680. | 131 139 830. .4940 1.1062 1.1056
10 6 30.80 130 345 350. | 131 138 280. .4937 1.1050 1.1056
N 6 30.80 130 345 580. | 131 139 460. .4939 1.1060 1.1056
12 6 30.80 130 345 450. | 131 138 740. .4938 1.1054 1.1056
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-48

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION [NO. OF UNITS { AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 137 256 670. | 137 256 670. - - 1.3000
1 5 30.43 138 104 780. | 138 324 890. .6179 .7783 1.3048
2 2 30.19 137 624 160. | 137 750 100. .2677 .3555 1.3030
3 4 30.34 137 888 870. | 138 095 280. .4606 .6110 1.3042
4 2 30.21 137 694 940. | 137 822 320. .3193 421 1.3034
5 5 30.32 137 858 900. | 138 054 420. .4388 .5812 .13040
6 2 30.22 137 712 560. | 137 840 620. .3321 .4254 1.3035
7 5 30.31 137 832 510. | 138 026 740. .4195 .5610 1.3039
8 2 30.22 137 715 990. | 137 844 520. .3346 .4283 1.3036
9 5 30.31 137 827 260. | 138 022 090. .4157 5577 1.3038
10 2 30.22 137 718 270. | 137 847 070. .3363 .4301 1.3037
1 5 30.31 137 825 710. | 138 022 040. .4146 .5576 1.3037
12 2 30.23 137 735 690. | 137 864 690. .3490 .4430 1.3038
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-49

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.00 118 372 980. | 118 372 980. - - .7000
1 15 23.30 117 325 940. | 121 551 320. -.8845 2.6850 .7096
2 17 25.37 116 700 840. | 123 539 580. -1.4126 4.3647 7142
3 18 25.56 116 672 100. | 123 745 700. -1.4369 4.5388 .7152
4 18 25.70 116 650 810. | 123 874 820. -1.4549 4.6479 7159
5 18 25.72 116 659 080. | 123 923 490. -1.4479 4.6890 .7162
6 18 25.73 116 666 800. | 123 943 900. -1.4414 4.7062 .7165
7 18 25.73 116 666 230. | 123 944 080. -1.4418 4.7064 .7166
8 18 25.73 116 672 280. | 123 945 150. -1.4367 4.7073 .7166
9 18 25.73 116 681 510. | 123 949 140. -1.4289 4.7107 .7166
10 18 25.73 116 683 450. | 123 946 190. -1.4273 4.7082 .7166
1 18 25.72 116 685 150. | 123 943 470. -1.4259 4.7059 .7166
12 18 25.72 116 686 580. | 123 941 730. -1.4247 4.7044 .7166
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AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-50

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION [NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.00 123 411 020. | 123 411 020. - - .9000
1 17 23.12 123 280 510. | 127 276 780. -.1057 3.1324 .9118
2 17 2437 123 142 920. | 128 792 630. -.2172 4.3607 .9153
3 17 24.45 123 138 640. | 128 894 780. -.2207 4.4435 .9156
4 17 24.46 123 141 080. | 128 900 820. -.2187 4,4484 .9156
5 17 24.46 123 142 720. | 128 901 470. -.2174 4.4489 .9156
6 17 24.46 123 143 310. | 128 900 840. -.2169 4.4484 .9156
7 17 24.46 123 143 680. | 128 900 810. -.2166 4.4480 .9156
8 17 24.46 123 142 740. | 128 899 070. -.2174 4.4470 .9156
9 17 24.46 123 142 940. | 128 898 840. -.2172 4.4468 .9156
10 17 24 .46 123 143 100. | 128 898 540. -.2171 4.4465 .9156
1 17 24.46 123 143 270. | 128 898 370. -.2170 4,4464 .9156
12 17 24.46 123 143 370. | 128 898 250. -.2169 4.4463 .9156
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-51

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION [NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.00 128 445 460. | 128 445 460. - - 1.1000
1 15 22.95 129 130 040. | 132 914 500. .5330 3.4793 1.1137
2 15 22.62 129 010 960. | 132 405 290. .4403 3.0829 1.1127
3 15 22.74 129 043 830. | 132 588 540. .4659 3.2256 1.1131
4 15 22.68 129 026 170. | 132 502 010. .4521 3.1582 1.1129
5 15 22.71 129 034 410. | 132 546 390. .4585 3.1927 1.1130
6 15 22.70 129 028 860. | 132 518 980. .4542 3.1714 1.1129
7 15 22.71 129 031 960. | 132 535 810. .4566 3.1845 1.1130
8 15 22.70 129 029 670. | 132 523 910. .4548 3.1752 1.1129
9 15 22.70 129 031 140. | 132 532 130. .4556 3.1816 1.1130
10 15 22.70 129 030 050. | 132 526 370. .455] 3.1771 1.1130
11 15 22.70 129 030 840. | 132 530 760. .4557 3.1806 1.1130
12 15 22.70 129 030 220. | 132 527 230. .4553 3.1778 1.1130
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AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE

Table H-52

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 80% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.24

OPTIMIZATION |NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST2 { WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 20.00 133 478 850. | 133 478 850. - - 1.3000
1 15 22.78 134 890 560. | 138 455 050. 1.0576 3.7281 1.3154
2 8 20.93 134 028 890. | 135 235 070. L4121 1.3157 1.3038
3 15 21.50 134 376 160. | 136 294 800. 6722 2.1097 1.3104
4 8 21.05 134 115 020. | 135 450 820. .4766 1.4774 1.3099
5 15 21.42 134 331 060. | 136 074 230. .6385 1.9444 1.3095
6 10 21.07 134 134 910. | 135 515 420. .4915 1.5258 1.3106
7 16 21.51 134 359 480. | 136 228 510. .6598 2.0600 1.3096
8 10 21.07 134 138 570. | 135 509 910. .4942 1.5216 1.3107
9 16 21.55 134 350 260. | 136 287 160. .6528 2.1039 1.3095
10 10 21.07 134 139 850. | 135 508 390. .4952 1.5205 1.3108
1 16 21.59 134 377 950. | 136 351 380. .6736 2.1520 1.3095
12 8 21.07 134 148 140. | 135 517 120. .5014 1.5270 1.3110
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-53

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.75

% RMS ERROR |NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 118 510 810. | 118 510 810. - - .7000
5 - 30.02 118 697 090. | 118 697 090. L1572 .1572 .7040
10 2 30.45 118 955 030. | 119 378 600. .3748 L7322 .7104
15 7 32.60 118 982 600. | 121 571 330. .3981 2.5829 .7099
20 8 32.60 119 120 190. | 121 678 520. .5142 2.6729 .7120
30 8 33.43 119 331 870. | 122 675 050. .6928 3.5138 .7145
40 8 33.92 119 735 080. | 123 388 580. 1.0330 4.1159 .7175
50 8 34.29 119 951 420. | 123 886 280. 1.2156 4.5358 .7190
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Table H-54

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.75

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 126 324 830. | 126 324 830. - - .9000
5 - 30.02 126 564 280. | 126 564 280. .1896 .1896 .9051
10 2 30.45 127 018 070. | 127 441 490. .5488 .8840 .9133
15 7 32.15 127 569 700. { 129 707 790. .9855 2.6780 L9137
20 8 32.80 127 868 750. | 130 654 420. 1.2222 3.4274 .9156
30 8 33.44 128 354 180. | 131 694 940. 1.6065 4.2510 .9186
40 8 33.93 128 952 030. | 132 610 630. 2.0797 4.9759 .9225
50 8 34.13 129 251 040. | 133 034 610. 2.3164 5.3115 .9248
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-55

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.75

% RMS ERROR | NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1| FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 134 134 641. | 134 134 634. - - 1.1000
5 - 30.02 134 428 422. | 134 428 422. .2190 .2190 1.1062
10 2 30.45 135 081 270. | 135 504 560. . 7057 1.0213 1.1163
15 7 32.15 136 121 682. | 138 263 438. 1.4814 3.0781 1.1168
20 7 32.80 136 636 798. | 139 427 208. 1.8654 3.9457 1.1191
30 8 33.44 137 353 366. | 140 696 866. 2.3996 4.8923 1.1228
40 8 33.92 138 158 564. | 141 809 690. 2.9999 5.7219 1.1275
50 8 34.13 138 555 574. | 142 340 748. 3.2959 6.1178 1.1303
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Table H-56

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.75

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 141 945 610. | 141 945 610. - - 1.3000
5 - 30.02 142 292 790. | 142 292 790. .2446 .2446 1.3073
10 2 30.45 143 144 240. | 143 567 370. .8444 1.1425 1.3193
15 7 32.15 144 687 060. | 146 828 300. 1.9313 3.4398 71.3198
20 8 32.80 145 414 800. | 148 203 730. 2.4440 4.4088 1.3226
30 8 33.44 146 355 300. | 149 698 860. 3.1066 5.4621 1.3269
40 8 34.07 147 494 740. | 151 290 530. 3.9093 6.5835 1.3319
50 8 34.14 147 858 640. | 151 652 540. 4.1657 6.8385 1.3358
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Table H-57
RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED CORRELATION FACTOR = 0.95
% RMS ERROR |NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 117 900 410. | 117 900 410. - - .7000
5 1 29.95 118 057 380. | 118 063 480. L1331 .1383 .7059
10 5 31.73 118 103 900. | 119 906 020. .1726 1.7011 .7073
15 5 32.12 118 290 100. | 120 392 907. .3305 2.1141 .7084
20 6 33.06 118 467 890. | 121 420 030. .4813 2.9852 .7092
30 8 33.42 118 785 170. | 122 001 907. .7504 3.4788 L7131
40 8 33.86 119 087 290. | 122 665 440. 1.0067 4.0416 .7168
50 8 34.19 119 343 630. | 123 168 340. 1.2241 4.4681 L7195




19-H

AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

Table H-58

RANDOM ERROR IN DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

% RMS ERROR | NO. OF UNITS AUXTLIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 125 675 640. | 125 675 640. - - .9000
5 1 29.95 125 877 860. | 125 883 960. .1609 .1658 .9075
10 3 31.05 126 302 020. | 127 406 700. .4984 1.3774 .9100
15 4 32.12 126 774 530. | 128 877 650. .8744 2.5478 .9108
20 6 33.05 127 244 730. | 130 195 540. 1.2485 3.5965 9118
30 8 33.42 127 732 970. l130 952 750. 1.6370 4.1990 .9168
40 8 33.87 128 207 200. | 131 806 180. 2.0144 4.8781 .9216
50 8 34.31 128 685 130. | 132 599 330. 2.3946 5.5092 .9247
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Table H-59

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

% RMS ERROR | NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST1 |FUEL COST 2| WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 133 447 670. | 133 447 670. - - 1.1000
5 1 29.95 133 697 750. | 133 703 960. .1874 .1920 1.1092
10 3 31.05 134 460 720. | 135 564 650. .7591 1.5864 1.1122
15 3 32.12 135 258 690. | 137 361 960. 1.3571 2.9332 1.1132
20 7 32.78 135 792 249. | 138 544 420. 1.7569 3.8193 1.1159
30 7 33.42 136 669 130. | 139 894 130. 2.4140 4.8307 1.1206
40 8 34.03 137 470 790. | 141 196 900. 3.0148 5.8069 1.1259
50 8 34.19 137 913 810. | 141 731 510. 3.3467 6.2076 1.1295
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Table H-60

RANDOM ERROR IN DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

% RMS ERROR | NO. OF UNITS AUXTLIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
IN DISPATCH USING LESS FUEL USED “($) (%) OVER THE BASE CASE WEIGHTED AVE.
PRICE THAN BASE (% OF TOTAL AUX. FUEL PRICE
ALLOCATION | CONSUMPTION) USING USING TO THE
(UNIT NOS.) FUEL COST 1 | FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 141 222 150. | 141 222 150. - - 1.3000
5 1 29.95 141 518 060. | 141 524 030. .2095 .2138 1.3109
10 4 31.05 142 620 670. | 143 724 400. .3903 1.7719 1.3144
15 5 32.12 143 742 470. | 145 845 990. 1.7847 3.2742 1.3156
20 7 32.78 144 489 180. | 147 240 830. 2.3134 4.2619 1.3188
30 8 33.46 145 616 740. | 148 907 760. 3.1118 5.4422 1.3244
40 8 33.87 146 476 740. | 150 076 470. 3.7208 6.2698 1.3312
50 8 34.20 147 195 790. | 151 017 410. 4.2300 6.9361 1.3362
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AUXILIARY FUEL PRICE = 30% LESS THAN THE BASE FUEL PRICE

Table H-61

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

OPTIMIZATION {NO. OF UNITS | AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED ($) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1] FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 117 900 410. | 117 900 410. - - .7000
1 - 30.44 118 151 000. | 118 151 000. .2125 .2125 .6917
2 2 30.90 118 176 260. | 118 629 350. .2340 .6183 .6922
3 3 31.14 118 200 110. | 118 889 780. .2542 .8392 .6929
4 4 31.22 118 226 690. | 118 997 630. .2767 .9306 .6934
5 4 31.40 118 183 090. | 119 184 730. .2397 1.0893 .6940
6 4 31.42 118 205 830. | 119 213 250. .2590 1.1135 .6942
7 4 31.42 118 222 850. | 119 223 860. .2735 1.1225 .6944
8 4 31.42 118 236 990. | 119 228 080. .2854 1.1261 .6945
9 4 31.47 118 255 990. | 119 234 180. .3016 1.1313 .6946
10 5 31.43 118 253 000. | 119 258 430. .2991 1.1518 .6947
11 5 31.52 118 225 040. | 119 344 890. .2753 1.2252 .6949
12 5 31.53 118 221 548. | 119 358 569. .2724 1.2368 .6950




Table H-62
WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

AUXILIARY FUEL PRICE = 10% LESS THAN THE BASE FUEL PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED CORRELATION FACTOR = 0.95

OPTIMIZATION {NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST?2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 125 675 640. | 125 675 640. - - .9000
jj 1 - 30.42 125 970 780. | 125 970 780. .2348 .2348 .8897
b 2 2 30.61 125 973 190. | 126 218 940. .2368 .4323 .8905
3 2 30.64 125 998 470. | 126 263 840. .2569 .4680 .8906
4 2 30.64 126 001 160. | 126 264 650. .2590 .4687 .8907
5 2 30.64 126 004 110. | 126 266 830. .2614 .4704 .8907
6 2 30.64 126 005 260. | 126 267 200. .2623 .4707 .8907
7 2 30.64 126 006 280. | 126 267 640. .2631 L4711 .8907
8 2 30.64 126 007 300. | 126 268 130. .2639 L4714 .8907
9 2 30.64 126 008 140. | 126 268 530. .2646 .4718 .8907
10 2 30.64 126 008 400. | 126 268 430. .2648 L4717 .8907
11 2 30.64 126 007 430. | 126 275 840. .2640 .4776 .8907
12 2 30.64 126 007 377. | 126 277 042. .2640 .4785 .8907
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AUXILIARY FUEL PRICE = 10% MORE THAN THE BASE FUEL PRICE

Table H-63

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

OPTIMIZATION {NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER| USING LESS FUEL USED ($) (%) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST1 |FUEL COST2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 133 447 670. | 133 447 670. - - 1.1000
1 - 30.40 133 791 620. | 133 791 620. .2577 .2577 1.0878
2 - 30.33 133 698 270. | 133 698 270. .1878 .1878 1.0894
3 - 30.36 133 730 740. | 133 730 740. 2121 2121 1.0886
4 - 30.33 133 700 920. | 133 700 920. .1898 .1898 1.0892
5 - 30.35 133 725 440. | 133 725 440. .2081 .2081 1.0887
6 - 30.33 133 701 370. | 133 701 370. .1901 .1901 1.0892
7 - 30.35 133 724 360. | 133 724 360. .2073 .2073 1.0887
8 - 30.33 133 701 660. | 133 701 660. .1903 .1903 1.0892
9 - 30.35 133 724 000. | 133 724 000. .2071 .2071 1.0887
10 - 30.33 133 701 990. | 133 701 990. . 1906 . 1906 1.0891
11 - 30.35 133 723 840. | 133 723 840. .2069 .2069 1.0888
12 - 30.33 133 702 201. | 133 702 201. .1907 .1907 1.0891
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Table H-64

WEIGHTED-AVERAGE PRICE USED FOR DISPATCH PRICE

AUXILIARY FUEL PRICE = 30% MORE THAN THE BASE FUEL PRICE
BASE FUEL = 70% OF TOTAL FUEL CONSUMED

CORRELATION FACTOR = 0.95

OPTIMIZATION |NO. OF UNITS AUXILIARY FUEL COST 1 FUEL COST 2 % INCREASE IN COST RATIO OF THE
PERIOD NUMBER | USING LESS FUEL USED (%) ($) OVER THE BASE CASE WEIGHTED AVE.
(MONTH THAN BASE (% OF TOTAL AUX. FUEL PRICE
NUMBER) ALLOCATION | CONSUMPTION) USING USING TO THE
FUEL COST 1| FUEL COST 2 | WEIGHTED AVE.
BASE FUEL PRICE
BASE CASE - 30.00 141 222 150. | 141 222 150. - - 1.3000
1 - 30.38 141 592 210. | 141 592 210. .2620 .2620 1.2860
2 - 30.22 141 382 090. | 141 382 090. L1133 L1133 1.2909
3 - 30.32 141 510 950. | 1471 610 950. .2045 .2045 1.2875
4 - 30.24 141 415 190. | 141 415 190. L1367 .1367 1.2901
5 - 30.31 141 492 900. | 141 492 900. L1917 L1917 1.2878
6 - 30.26 141 440 100. | 141 440 100. .1543 .1543 1.2898
7 - 30.32 141 512 860. | 141 512 860. .2059 .2059 1.2881
8 - 30.26 141 441 450. | 141 441 450. .1553 .1553 1.2898
9 1 30.34 141 528 910. | 141 548 160. 2172 .2308 1.2880
10 - 30.25 141 425 820. | 141 425 820. .1442 .1442 1.2898
11 1 30.33 141 521 350. | 141 540 700. .2119 .2256 1.2880
12 - 30.26 141 443 910. | 141 443 910. .1570 .1570 1.2898




Appendix I
GRAPHICAL RESULTS OF SIMULATION STUDIES

This appendix contains a number of computer-generated figures showing the results
of a number of simulation studies modeling the relationship between total fuel
costs and dispatch fuel price policies and errors. The interpretation and sig-
nificance of the tables is explained in Section 5.

For the reader's convenience, an ordered 1ist of figures in this appendix is given
below.
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Figure I-21. Increased Fuel Cost Due to Random Dispatch Error
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Figure 1-26. Increased Fuel Cost Due to Random Dispatch Error
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Figure I-28. Increased Fuel Cost Due to Random Dispatch Error
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Figure I-29. Increased Fuel Cost Due to Random Dispatch Error

1-32




INCREASE FUEL COST DUE 10
FRROR IN DISPARTCH PRICE

80Z BASE FUEL

AUXTLIARY FUEL PRICE 207 LESS
THAN BASE FUEL PRICE

Cco

go

8.

FUEL COST
6. 00

w—CO0ST CALCULATED USING

o)
Z ONLY THE FUEL CONSUMED
ul
0N %~COST CALCULATED USING
o
W o BASE FUEL ALLOCATION
o o
(_) «
ZN
AN
(e}
O
-
Q
o
o T T T B T —
C.0o 10. 00 20. 00 30. 0 40. 00 50. 00 60. CO

STANDARD OEVIATION IN THE DOISPATCH PRICE

Figure 1-30. Increased Fuel Cost Due to Random Dispatch Error

I-33




7.00 8. 00

1

5.00

1

4. 00

3.00

7 INCRERSE IN FUEL COsST

2.00

8]8]

1.

o
o

INCREASE FUEL COST BUE TO

ERROR IN DISPRTCH PRICE

807 BASE FUEL
AUXILIARY FUEL P
THAN BASE FUEL P

RICE 107 LESS
RICE

x—COST CALCULATED USING
ONLY THE FUEL CONSUMED

x%—CO0ST CALCULATED USING

H////x////k////x BASE FUEL ALLOCATIGN

.

00 10. 00 20. 00 30. 00 40. 00 50. 00 60. 00
727 STANDARD DEVIATION IN THE DISPATCH PRICE
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Figure I1-32. Increased Fuel Cost Due to Random Dispatch Error
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Figure 1-34. Increased Fuel Cost Due to Random Dispatch Error
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Figure I-35. Increased Fuel Cost Due to Random Dispatch Error
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Figure I-40. Increased Fuel Cost Due to Random Dispatch Error
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Figure 1-45. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-48. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-51. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-53. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-54. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-55. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-56. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure I-58. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Figure 1-60. Use of the Unit's Weighted-Average Fuel Price for Dispatch
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Appendix d
GLOSSARY

Much of the material dealt with in this three-volume report is not frequently

dealt with in the published technical literature, and many readers may encounter

terms or phrases that are unfamiliar. This appendix provides definitions for many

such terms. For completeness, some more commonlv encountered items are included

as well.

Commit
Compliance fuel
Commitment
schedule period
Decommit

Dispatchable
generation

Draw

Economic down status

Economic run status

LTFS
MTFGS

Must-down status

To put, or schedule to put, a unit into operation.

A fuel, typically having low content of sulfur and other
pollutants, burned to comply with clean-air standards.

The time period for which an hourly unit commitment sched-
ule is to be generated.

To remove, or schedule to remove, a unit from operation.

Generation capability that is available for discretionary
scheduling and dispatch. This excludes fixed-output peak-
ing units, base- or block-loaded units, and those on must-
down or must-run status.

To take fuel from a source or inventory; used in the sense
of drawing water from a well, and generally in connection
with long-term fuel contracts as the source. May be used
as a noun to indicate an amount drawn from a contract
(i.e., "an awfully large draw last month").

In the unit commitment process, a unit is on economic down
status if the unit is off-line for economic reasons.

A unit that is on-line and dispatchable, and cannot be shut
down because of minimum up-time requirements, is in eco-
nomic run status.

Abbreviation for Long-Term Fuel Scheduling program.

Abbreviation for Mid-Term Fuel and Generation Scheduling
program.

In the unit commitment process, a unit that is prescheduled

to be out of operation for a period of time is put on must-
down status for each hour during that period.
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Must-run status

Out-of-kilter
algorithm

Pilot and
stabilizer fuel

Take-or-pay

Transshipment

Y T R

Similarly, a unit that is prescheduled to be in operation
during a given period 1is put on must-run status, thus
removing the option of decommitting the unit at any hour
during the period.

A mathematical procedure for solving a particular class of
optimization problems dealing with flaws in linear capaci-
tated networks. The yearly fuel scheduling problem is
solved as a linear network optimization problem using the
out-of-kilter algorithm.

Fuel, usually oil or gas, that is used to stabilize the
inherent irregularities of coal combustion, and to serve as
a pilot and starting fuel.

A type of long-term fuel contract characterized by a lower
T1imit on the quantity of fuel to be shipped during some
period of time, where the user must pay for this minimum
quantity whether or not he takes delivery.

The shipping of fuel from one generating plant to another.
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