
Cost of Providing Ancillary Services
from Power Plants
Volume 1: A Primer

TR-107270-V1

March 1997

Prepared by
T/Systems
542 Live Oak Lane
Woodside, Ca 94062

Project Manager
D. Curtice

Author
D. Curtice

Prepared for
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, California 94304

EPRI Project Manager
J. Stein
Generation Asset Management
Generation Group



DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS REPORT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OF WORK SPONSORED
OR COSPONSORED BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI). NEITHER EPRI, ANY MEMBER OF
EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE
USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS REPORT,
INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES NOT
INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY,
OR (III) THAT THIS REPORT IS SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANY
CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS REPORT OR ANY INFORMATION,
APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS REPORT.

ORGANIZATION(S) THAT PREPARED THIS REPORT

T/Systems

ORDERING INFORMATION

Requests for copies of this report should be directed to the EPRI Distribution Center, 207 Coggins
Drive, P.O. Box 23205, Pleasant Hill, CA 94523, (510) 934-4212.

Electric Power Research Institute and EPRI are registered service marks of Electric Power Research Institute, Inc.
EPRI. POWERING PROGRESS is a service mark of Electric Power Research Institute, Inc.

Copyright © 1997 Electric Power Research Institute, Inc. All rights reserved.



iii

REPORT SUMMARY

As the electric power industry undergoes deregulation, managers of power plants will
need to decide whether it makes business sense to provide ancillary services such as
Reactive Supply and Voltage Control and Operating Reserves-Spinning. This report
outlines two methodologies for calculating the variable cost of providing ancillary
services from power plants.

Background
In an increasingly deregulated industry, new markets will emerge for power plants
that can supply reactive power, operating reserves, and system stability. These services
are called ancillary services by the Federal Energy Regulatory Commission (FERC).
Since 1994, EPRI has been working with utilities to develop tools for calculating the cost
of providing such services.

Objectives

To consult with power utility personnel on their requirements for methods to calculate
the costs of ancillary services.

Approach
The project team analyzed the recent tariff fillings of 20 utilities from around the
United States. The team held two workshops with utility personnel to discuss the
industry's requirements and needs for methods that calculate the cost of providing
generation based ancillary services.

Results
The report provides background information about ancillary services including the
1996 FERC definition of ancillary services and the current NERC definitions of
Interconnected Operations Services (IOSs). The report outlines methodologies for
calculating the variable costs of providing Reactive Supply and Voltage Control and
Operating Reserves-Spinning, including all the overheads used to illustrate these
methodologies at the two workshops. The report also discusses EPRI's future plans for
developing additional tools to help owners of power plants compete in a deregulated
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power supply industry, including methodologies for calculating fixed as well as
variable costs.

Workshop participants identified the principle users of the cost methodologies as plant
managers, operating supervisor and shift supervisors, control room operators,
production management, and staff. These personnel would need at least daily
information about the cost of providing ancillary services. Rate designers, power
marketers, business planners, and regulators would need to know these costs on a
seasonal or yearly basis. The methods should help management assess risk versus
reward issues, understand cost causation factors, and evaluate "what if" scenarios as
well as provide needed inputs in tariff filings.

Three additional volumes of this report are forthcoming. Volume 2 will provide a
detailed description of a methodology for calculating the variable costs of providing
Regulation and Frequency Response. Volume 3 will  give additional detail on the
methodology for calculating the variable costs of providing Reactive Supply and
Voltage Control. Volume 4 will give additional detail on the methodology for
calculating the variable costs of providing Operating Reserve-Spinning.

EPRI Perspective
EPRI's plan for its ancillary services projects involves testing methodologies developed
for calculating the variable and fixed cost of providing ancillary services using data
from several different units. Then, based on the results of these case studies, EPRI
expects to identify a range of costs for ancillary services produced by all kinds of power
plants. Utilities interested in using the methodologies are urged to contact Jan Stein at
EPRI at (415) 855-2390 to participate in the on-going research.

TR-107270-V1

Interest Categories
Fossil assets management
Power system operations and control
Bulk power markets and transmission

Key Words
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ABSTRACT

This report presents the results of two workshops held to define the industry’s
requirements for methodologies that can calculate the cost of providing ancillary
services. It contains definitions of ancillary services and describes which services are
provided by power plants. Two methodologies are presented that can be used to
calculate the variable costs of providing ancillary services from power plants.
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PREFACE

Deregulation of the electric utility industry is another in a long series of efforts to
deregulate industries and create competition. During the Carter administration oil,
airline, and the trucking industries were extensively deregulated. Then came
deregulation of the cable, gas, and long - distance telephone industries and the
misregulation of the savings and loan industry and the banks. Cable TV has since been
re-regulated, after the cable companies raised their rates 40% in real terms, and then
recently deregulated again along with most of the telecommunications industry.

Reasons for deregulation of the electric power industry are many. Economies of scale
no longer produce lower per-unit cost,  conventional wisdom wants to let the policy
makers work under the presumption that markets should operate freely unless there is
a compelling reason to regulate rather than visa versa, the cost to produce electricity is
much lower then the current price, and "customers have choices in most other
industries why not electricity?"

Separate lines of business will emerge in the electric power supply system depending
on whether or not they can sustain competitive markets. Doing so requires unbundling
services and prices. In an unbundled market unregulated generators will sell their
output through a power exchange or on a contract. Regulated transmission companies
will carry electricity as before to the regulated local distribution monopoly.
Distribution monopolies and customers will pay separately for the power itself, for its
transportation, and for other services that will include ancillary, and other, services
required to ensure reliable operation of the power system.

In the competitive, unbundled, market customers will be eager to test their new
freedom of choice. They will demand the lowest price possible that is consistent with
their need for reliability, not the utility. Generation will be a tough business. Operating
efficiency will count most as will the capability to provide other services, like ancillary
services.

Most ancillary services will be competitively supplied. Managers of power plants will
need to decide whether to enter or remain in a particular line-of-business, i.e.,
supplying power and ancillary services. They will make these decisions based on cost
structure, expertise, and willingness to incur risks. They must decide what their assets
are worth based on what customers are willing to pay for the power and ancillary
services they can provide.
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Cost of Providing Ancillary Services from Power Plants: A Primer points out why it is
important to understand how costs are incurred inside the plant when a plant provides
an ancillary service. It discusses how a plant's operating strategy influences the value of
the plant. It also contains definitions of the ancillary services, as of October 1996, and
which ones are important to the managers of power plants. Detailed methodologies are
presented for calculating the cost of providing two ancillary services; reactive supply
and voltage control, and operating reserves-spinning. These methods focus on the
variable cost of providing these services: there is a direct, causal, relationship between
how a plant is operated and the variable cost of providing ancillary services.

Variable costs of providing ancillary services from a power plant are difficult to
calculate. They include the fuel, maintenance and repairs costs associated with a plant's
operating strategy. The methods described in this report are based on engineering
simulation models use to understand how a plant's performance changes under various
conditions, i.e., "what if scenarios".

It is the goal of the EPRI projects on ancillary services to evolve these detailed models
into a set of simpler and widely accepted methods for calculating all the costs
associated with providing ancillary services. These methods are part of an overall effort
by the EPRI to develop the tools power plant managers need to assess the value of
power plants in a deregulated electric power industry.   
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1 
INTRODUCTION

MEASUREMENT IS KEY.  IF YOU CANNOT MEASURE IT, YOU CANNOT
CONTROL IT. IF YOU CANNOT CONTROL IT, YOU CANNOT MANAGE IT. IF
YOU CANNOT MANAGE IT, YOU CANNOT IMPROVE IT -- IT IS AS SIMPLE AS
THAT.

Pending deregulation of the electric power industry holds plenty of opportunities and
some risks for owners of power plants.  New markets for services, beyond power and
energy sales, will exist for those plants that can supply reactive power, operating
reserves, black start services, or that can become part of a solution to a power system
stability or control problem.  Some of these services are called ancillary services by the
Federal Energy Regulatory Commission (FERC) and they predominately originate from
power plants.  Due to deregulation these services are now becoming another possible
source of revenues for owners of power plants.  Actually making a profit under these
new market conditions, however, involves understanding one's costs and some risk
taking; there will be others seeking to supply these same services.

Heat rate models and other power production computer simulation models are well
understood methods for studying production costs under a variety of plant operating
conditions.  Power plant managers and engineers regularly use these tools for
calculating the cost of supplying real power.  The same, however,  cannot be said for
calculating the cost of supplying ancillary services.

Like the tools used to calculate the cost of producing power, new tools are needed for
calculating the cost of providing ancillary services, i.e., voltage control and reactive
power support, operating reserves, etc.   For each ancillary service these new tools must
account for two cost components, fixed and variable, to give a complete understanding
of how various plant operating conditions affect the cost of providing ancillary services.

1.1  Background

Since 1994, EPRI's Fossil Plant Business Unit has been working with utilities to develop
the tools for calculating the cost of providing ancillary services. In 1994 over 50 utilities
were contacted in an effort to build a foundation of knowledge about methods needed
for calculating the cost of providing ancillary services from power plants. One of these
utilities, Consolidated Edison of New York Inc., teamed with EPRI to co-fund a project
and develop two methodologies and then test them in case studies using data from two
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(2) steam turbine units. Started in 1995, this project has developed methodologies for
calculating the cost of Operating Reserves- Spinning, and Reactive Supply and Voltage
Control. Case studies, using these methods, will be completed in 1997.

1.2  Workshop Procedures

This report documents the results of two (2) workshops held to discuss the industry's
requirements and needs for methods that calculate the cost of providing ancillary
services.  It also presents specific methods for calculating the cost of providing
Operating Reserves-Spinning, and Reactive Supply and Voltage Control based on the
developments from the Con Ed/EPRI project. These workshops were hosted by the
Edison Electric Institute (EEI) and the Sierra Pacific Power Company. EEI used its
headquarters in Washington D.C. to accommodate over 35 attendees during the first
workshop March 28th and 29th.  Sierra Pacific used its corporate headquarters in Reno
to accommodate 40 workshop participants April 30th and May 1st, 1996..

Participation in these workshops was designed to be quite different from a typical
conference or meeting.  Instead of listening to a series of presenters, workshop
participants met in small groups to prepare their recommendations and then present
their ideas to the entire workshop. In small groups, participants worked on specific
assignments and prepared their responses to questions regarding their needs in a
deregulated industry.  During these sessions they learned form one another and then
the entire workshop heard what they believed the industry needs in terms of tools for
calculating the cost of providing ancillary services.

1.3  Workshop Results

These workshops served as a forum for defining the industry's requirements for
methodologies to calculate the cost of providing ancillary services from power plants.
Workshop participants identified the principal users of the methodologies as plant
managers, operating supervisor and shift supervisors, control room operators,
production management and staff. These users of the methodologies would need at
least daily information about the cost of providing ancillary services. Rate designers,
power marketers, business planners, and of course regulators, would need to know
these costs on a seasonal or yearly basis.

Workshop participants determined that the methodologies are needed by management
to understand all of the cost of providing ancillary services to set bid prices in the
market.  Indeed information produced by the methodologies could be used when
deciding whether or not to participate in the ancillary services market. These methods
should help management assess risk versus reward issues, understand cost causation



Introduction

1-3

factors, and evaluate "what if " scenarios.  And, of course, these methods are needed
now to satisfy regulators in tariff filings.

Participants also wanted methodologies that would capture both fixed and variable
costs.  Indeed the methodologies should include the capability to do sensitivity analysis
and have the capability to analyze lost opportunity costs. The methods should help in
finding the most economical operating conditions and reference points.  And finally,
the methodologies must calculate the variable cost components associated with
providing an ancillary service, e.g., fuel, maintenance, and equipment wear and tear.
Some participants hoped these methodologies would lead to an accepted range of costs
for providing ancillary services.

1.4  Organization of the Report

Section 2.0, Ancillary Services, provides background information about ancillary
services. It presents the Federal Energy Regulatory Commission (FERC) definition of
ancillary services and the additional services defined by the North American Reliability
Council (NERC) called the Interconnected Operations Services (IOS).

Section 3.0, Methodology for Calculating the Variable Cost of Providing Reactive
Supply and Voltage Control from a Generating Unit describes the methodology for
calculating the cost of providing voltage control and reactive power to the power
system.  This is the description given to the workshop attendees with updates based on
the project co-funded by Consolidated Edison and EPRI.

Section 4.0, Methodology for Calculating the Variable Cost of Providing Operating
Reserves--Spinning contains a description of the methodology for calculating the cost of
providing the service operating reserves-spinning.  It is based on the workshop
presentations and recent developments from the project co-funded by Consolidated
Edison and EPRI.

Section 5.0, Tools to Make Decisions, describes EPRI's future plans to help owners of
power plants by developing the tools they need to compete in the deregulated electric
power supply industry.   
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2 
ANCILLARY SERVICES

In this section we define ancillary services just as was done during the workshops.  The
only real difference between the time when this report was written and when the
workshops were held is --the North American Reliability Council (NERC) has defined
the Interconnected Operations Services (IOS).  These are the services required to
reliably operate an interconnected power system. Ancillary services, defined by the
FERC, are a subset of the IOS.

2.1  The Federal Energy Regulatory Commission's Definitions

April of 1996 the FERC issued orders 888 and 889, which--among other things--defined
ancillary services. These orders require any public utility that owns, controls, or
operates interstate transmission facilities shall offer comparable, non-discriminatory
wholesale transmission and ancillary services. Comparability refers to how services are
offered by the transmission provider. These services must be comparable to the
transmission services the transmission provider offers to its own power customers.

The FERC rulings are focused on transmission services offered by the transmission
provider (TP) to the transmission customer (TC). A TC is defined as an entity that
purchases transmission services from a TP.  A TC may be a generator, power marketer,
municipal or any other entity that enters into a contract for transmission services under
a published tariff.  A TP is the public utility (or its Designated Agent) that owns,
controls, or operates facilities used for the transmission of electric energy in interstate
commerce and provides transmission services under a tariff.

According to the FERC, six (6) specific ancillary service must be provided or offered by
the transmission provider (TP). Two (2) of these services must be provided by the TP;
Scheduling, System Control and Dispatch, and Reactive Supply and Voltage Control.
Any TC must purchase these two ancillary services from the TP.

The TP must offer four(4) other ancillary services; Regulation and Frequency Response,
Energy Imbalance, Operating Reserves--Spinning, and Operating Reserves--
Supplemental. A TC must acquire these services from some provider, it does not have
to be the TP.( see Appendix A Definition of Terms).
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2.1.1  The FERC Definition of Ancillary Services Meaningful to Power Plants

Power plants are a principal resource for providing some of the ancillary services
defined by the FERC. They include; Reactive Supply and Voltage Control, Regulation
and Frequency Response, Operating Reserves both Spinning and Supplemental. These
service are now part of the electric power supply market and someone, TC or TP, needs
to purchase these services directly or indirectly from power plants. In the case of the
TC,  prices paid by the TC for transmission and ancillary services are contained in the
TP's published transmission tariff. Whereas, the prices paid by the TP or TC to
purchase ancillary services from power plants may be based on either the cost to
provide the service -- if the plant is part of an integrated utility-- or a market price if
there is a market of competing power plants supplying the same service.

Reactive Supply and Voltage Control service is provided by generating units with
operating automatic voltage regulators. These units provide a dynamic (time varying)
source for reactive power; where dynamic refers to the ability of a generating unit to
produce more reactive power when the transmission voltage is decreasing. This is in
contrast with other reactive supply equipment, e.g., shunt capacitors, which can
aggravate a voltage collapse condition by drawing more current as the voltage
decreases.  Reactive supply, by this definition, refers to reactive power from generating
units that is an amount in excess of the reactive power supplied by equipment within
the transmission system and is required to respond to changing power system
conditions and contingencies.

Regulation and Frequency Response is the power system function that continuously
maintains the balance between power demand and power generated.  It does this by
adjusting the power output of a few generators, controlled by the automatic generation
control (AGC) system, to follow moment-to-moment power demand changes.

Operating Reserves -- Spinning are provided by generating units that are on-line,
serving load, and operating at less than their maximum output capability. Spinning
reserves are needed to replace power resources loss due to a contingency, e.g., loss of
generation, transmission lines or corridor, etc.

Operating Reserves -- Supplemental are needed to serve power system load after a
contingency. This can be made available by generating units that are on-line but
unloaded, quick starting units, or interruptible load. Supplemental operating reserves
must be provided within a short period of time.
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2.2  The North American Reliability Council (NERC) Definition of Interconnected
Operations Services

There is a distinct difference between the services identified as ancillary by the FERC
and the services required to operate a reliable interconnected power system. The FERC
definitions of ancillary services are focused on transmission services involving a
transmission provider (TP) and a transmission customer (TC). Furthermore, the FERC
is principally concerned with "comparability of service", i.e., non-discriminatory open
access transmission service. Services needed to reliably operate interconnected power
systems, however, are more numerous than the services defined by the FERC and are
the domain of the North American Reliability Council (NERC).

Services needed to operate a reliable interconnected power system are more extensive
than the ancillary services defined by the FERC. For example, the FERC is silent on the
need for generating units with a black start capability. It is not an ancillary service, yet
operators of power systems have a plan for restoring the power after a major power
outage using power plants that can start without an external source of power--black
start.

The NERC is developing the "Rules of the Road" for operating an interconnected power
system in an open access transmission industry. Called the Interconnected Operations
Services (IOS) 1, these services are required for power system reliability. And similar to
the market for ancillary services, there will also be a market for the IOS. That is,
whether it is the TP who also operates of the control area or a control area operator,
someone needs to purchase the IOS because they are responsible for the reliability of
the interconnected power system.

Under the leadership of the NERC, who organized the IOS Working Group,  a structure
of the Interconnected Operations Services has been developed and is shown in Figure
2-1.  This figure shows all of the FERC's ancillary services and their relation to the IOS
defined by the NERC.  Additional services defined by the IOS Working Group include:

x Backup

x Transmission Losses

x Stability and Control

                                               

1An IOS Working Group is rewriting NERC’s Rules of the Road -- guidelines for
operating an interconnected power system --with broad support of the industry. This
group will submit its technical definitions of the IOS to the FERC while continuing to
build industry support for a set of standard definitions of the IOS.
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x Black Start

x Load Following

x Dynamic Scheduling

x Power Factor Correction

Interconnected Operations Services

Continuous Load & 
Generation Balance

Transmission
System Security

Emergency 
Preparedness

Generator
Frequency
Response and 
Operating Reserve
Spinning

Operating Reserve
Supplemental

Backup

Energy Imb

Load
Following

Regulation

Reactive Supply
& Voltage Control
from Gx Sources

Power Factor
Correction

Stability and 
Control

Tx Losses

Dynamic 
Scheduling

System Control

Black Start

Post Contingency Steady State

Response

secs

mins

Figure 2-1  IOS Structure

Backup service is defined as generating capacity and energy needed to replace the loss
of generation, transmission lines etc.  Either the power supplier or its customer can
obtain Backup service from the TP or a third party, arrange to provide the service
themselves, or accept interruption (curtailment) by the control area operator if the
customer's power supplier has an outage.

Real Power Transmission Losses are required to replace power and energy losses
associated with transmission service. If transmission power losses are not scheduled by
the TP or control area operator, there will be an imbalance between power generated
and power demanded due to the loss of real power in the transmission system caused
by resistance of the transmission lines.  To solve this problem a TC must either provide
or otherwise arrange for the supply of real power losses as part of the process of
securing transmission services from the TP.  The options a TC has are to either arrange
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for delivery of extra power to replace the losses or to purchase replacement power from
the market, i.e., other power suppliers and possibly the TP.

Stability and Control services are provided by power plants with specialized
equipment installed for power system stability or control reasons.  Examples of
Stability and Control equipment include: Power System Stabilizers, Fast Response
Excitation systems, Fast Turbine Valve Control, Fast Fault Clearing and Breaker-and-a
Half schemes. When these services are to be purchased from a power plant, generating
units are equipped with such special equipment.

Load Following service, as defined by the IOS Working Group, refers to a service
offered by the TP to the TC. It is not " load following " normally thought of by
individuals in the power plant business, which has more to do with " wear and tear".
Rather it is a service a TC can purchase from the TP to minimize Energy Imbalance
charges. For example, if the TC has a constant or flat power demand, there are no
charges for Energy Imbalance. If, however, the TC's power demand exceeds a
regulating band, Energy Imbalance charges accumulate every time the TC's power
demand is above or below the regulating band.  The Load Following service comes into
play if the TC wants to avoid these Energy Imbalance charges. In this case the TC
purchases the Load Following service from the TP, thus minimizing its Energy
Imbalance charges.

Dynamic Scheduling is a service one control area operator can offer another control
area operator and does not directly involve services power plants provide to the TP,
TC, or others.  And Power Factor Correction refers to equipment installed by the TP
within the transmission system to maintain voltage, e.g., Switched Capacitors, Static
VAr Compensators and Reactor Banks, Load Tap Changing Transformers and series
Capacitors.

2.2.1  The NERC Definition of the IOS Meaningful to Power Plants

Stability and Control services are needed to ensure the transmission system operator,
TP or control area operator, can comply with the NERC guidelines for reliability. These
operating guidelines are required to maintain the security of the interconnected power
system.  The need for specialized equipment occurs when a power system stability or
control problem is identified by the NERC regional coordinating council or a control
area operator. If the solution requires modifying one or more generating units by
installing specialized equipment , the cost of installing and maintaining the equipment
will likely involve a negotiated settlement between the plant owners and the affected
control area operators. In some cases the entire interconnected power system may be
affected by the stability or control problem and other arrangements may be necessary,
i.e., special stability or control equipment may be required for every power plant
connected to the power system.
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Black Start is a service paid for by all TCs. If a TC has the capability to contribute to the
control area operator's restoration plan, prepared by the TP or control area operator,
then it can "self provide" the service, i.e., avoid paying for Black Start service.

Power plants seeking to supply Black Start services must agree to operate according to
the NERC guidelines. These requirements involve having the capability to provide
sustained power output, sufficient fuel resources, right location in the transmission
system, communication systems, etc..

2.3  Different Perspectives of the FERC, NERC and Power Plant Owners

From the perspective of the FERC, ancillary services are required for "comparability"
and open access of transmission systems. Where comparability refers to comparable
service offered by the transmission provider i.e., the TP must offer transmission and
ancillary services to other transmission customers that are comparable to the services
offered to its own customers.

The FERC is achieving its goal of comparable, non-discriminatory, open  transmission
access by requiring utilities to publicly post their prices for  transmission services.  That
is, utilities under the FERC's jurisdiction must file a tariff with FERC based on
enumerated costs, i.e., costs directly involved in providing the service. Called "cost
causation" by rate design types, utilities are required to define--enumerate-- all the
costs incurred in providing transmission services. For example, installing shunt
capacitors within the transmission system to maintain the scheduled voltage within
specified limits is "causally linked" with the act of providing transmission service and
can be justifiably recovered by a tariff. A hunting lodge retreat for the utility's stressed-
out employees, however, is not causally linked with providing transmission service
and therefore cannot be justified for recovery by a tariff.

The FERC reviews tariff filings on a case-by-case basis. Each utility submits a tariff and
defines how it determined the costs for each service.  These tariffs must be based on
cost but the FERC can allow market-based pricing if it determines there is a viable
market to supply the services.

From the perspective of the NERC, the IOS are required for reliability. Reliability refers
to the ability of an interconnected power system to " take a hit " and continue to keep
the lights on. These hits are called contingencies and include events such as the loss of
generation, transmission lines or corridor, etc. Handling these contingencies involves
operating the power system according to a set of guidelines that have been developed
by the utilities over the last 30 years.

The NERC organized the IOS Working Group to define all of the services  needed to
manage the interconnected power system with open access to transmission systems.
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These efforts will, among other things,  provide the FERC with a technical, engineering,
definition of all of the services required to reliability operate an interconnected power
system, i.e., the IOS establish a foundation for the " Rules of the Road " required for
open transmission access. The IOS go beyond the ancillary services defined by the
FERC. For example, the FERC does not include Black Start as an ancillary service. Yet
operators of interconnected power systems have developed plans for restoring the
power after a major power outage that rely on some generating units that can start
without being supplied with outside power, Black Start.

From the perspective of the owners of power plants these IOS and ancillary services
represent an opportunity for new revenues. In the case of ancillary services, the
transmission customer (TC) must acquire some ancillary services from the transmission
provider (TP) or from a qualified third party, or in some cases the TC can provide the
service itself i.e., self supply.  In the case of the IOS, the TP or control area operator
must secure a source of the IOS for ensuring the reliability of the power system. For
example, TCs can purchase Backup Services from or through the TP,  from a third party
supplier or accept curtailment if the TC decides not to purchase the Backup service and
it does not have the capability to provide its own Backup capability.

The prices paid to the owners of power plants who are providing the IOS, or ancillary
services, will be an interesting mix of cost-based and market-based prices.  Cost-based
prices for ancillary services, made public in a TP's tariff, are what the TP charges the
TC. They are not necessarily the same prices a power plant will be paid to provide
ancillary services.  Prices paid for the IOS will likely be based on negotiated or market-
based prices created by supply and demand market dynamics. For example, the TP
must pay a few power plant owners for backing down their units to provide Spinning
Reserves. It is possible that plant owners' costs for providing this service that will
require one price while the TP is only offering a lower price. This suggests that the key
issues for power plant owners is to know their costs, both fixed and variable, and to
have the ability to analyze how various plant operating strategies influence the cost of
providing the IOS and ancillary services.

2.4  Fixed and Variable Costs

Both fixed and variable costs are involved in providing the IOS (ancillary) services.
Fixed costs are defined as the costs required to purchase and install the equipment used
to provide a service. These costs are called fixed costs because they do not vary with
output. That is, fixed costs are all the costs incurred even if the unit produced zero
output. Variable costs, on the other hand, change with power plant output. They
include fuel, maintenance, repairs, etc. needed to provide the service.

Table 2-1 defines the fixed and variable costs associated with providing each of the IOS
(ancillary) services provided by power plants. These are the cost categories that need to
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be included in any calculations performed to determine the cost of providing the IOS or
ancillary services.

Initially, EPRI focused its efforts on developing methodologies for calculating the
variable cost of providing ancillary services. At that time variable costs were thought to
be more difficult to determine because they required detailed engineering models for
capturing how changing the generating unit's operation over time influenced costs of
operating the plant. This variable component of cost seemed more deserving of a
research project, which EPRI and Consolidated Edison co-funded in 1995. Ultimately,
EPRI's research efforts are expected to lead to a set of simpler calculations for replacing
the complex engineering models. These simpler methods will emerge as a result more
case studies using the detailed methodologies using data from different units, e.g.,
hydro, combined-cycle, etc.

To test our notion that variable costs are more difficult to calculate than fixed costs, we
analyzed the recent tariff filings of 20 utilities.  Our purpose was to understand why
there is some variability in transmission services prices utilities have quoted to the
FERC.

We focused on analyzing two (2) ancillary services, Reactive Supply and Voltage
Control, and Operating Reserves-Spinning to test our notion that variable costs are
more difficult to calculate than fixed costs. We analyzed the recent tariff filings of 20
utilities. Our purpose was to understand why there is some variability in the prices
utilities have quoted to the FERC.

We analyzed Reactive Supply and Voltage Control service because it is a
predominately fixed costs service when compared to Spinning Reserves, which is a
variable cost service (see Table 2-1 - Fixed and Variable Cost). We wanted to determine
whether or not utilities generally priced these services within a reasonable and
explainable range. And if there where wide variations, would they occur more often
when calculating fixed or variable-based cost services.

Our analysis of data from 20 utility filings on Reactive Supply--a predominately fixed
cost based service-- showed that on average utilities are pricing this service at
$0.17/kW-month. The price range, i.e., (maximum minus minimum ) is 0.58, with a
maximum at $0.62/kW-month and a minimum at $0.04/kW-month.  This suggests that
when it comes to determining their fixed costs, utilities are using methods that produce
prices falling within a reasonably narrow range.
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Table 2-1
Fixed and Variable Costs

Fixed Costs Variable Costs

REACTIVE SUPPLY and
VOLTAGE CONTROL

Portions of generator and its
exciter. Accessory electrical
equipment that supports the
operation of the generator-
exciter. Remaining total
production plant investment
required to support reactive
power production.

Losses in the Rotor, Stator,
Transformer. Maintenance and
Repair costs.

REGULATION and
FREQUENCY RESPONSE

Automatic Generation
Control equipment and
Communications Link to
Control Area Operator

Efficiency Losses in Turbine and
Control Valves when Ramping
Up/Down—Operated in Constant
Pressure Mode or Efficiency Losses
in Steam Generator and Turbine
when Ramping Up/Down—
Operated In Turbine-Follow Mode.
Maintenance and Repair Costs.

OPERATING RESERVES—
SPINNING

Efficiency Losses in the Turbine and
Control Valves. Maintenance and
Repair of Steam Control Valves and
Wear & Tear in Turbine/Boiler.

OPERATING RESERVES—
SUPPLEMENTAL

Equipment Required to
Provide Quick Start
Capability, e.g., combustion
turbines, hydro

When Service is Provided—Fuel, a
Portion of Labor and Overhead
Expenses. Maintenance and Repair
costs.

BLACK START Equipment Required to
Provide Sustained Power,
e.g., diesel generator, large
turbine bypass system, etc.
Additional Costs to ensure
sufficient fuel supply.

When service is provided, fuel,
overhead expenses, labor, etc.

STABILITY and
CONTROLS—
Power System Stabilizer,
High-response Excitation
System. Fast Turbine Valve
Control, Fast Fault Clearing.

Equipment Required to
Provide the Specialized
service—may be paid for by
the Operator of the Control
Area.

Maintenance and Testing of the
Specialized Equipment should be
paid for by the purchaser of the
service, i.e., Operator of the Control
Area.
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The same analysis of the prices quoted for Spinning Reserves shows a different result.
Based on data from 20 utilities the average price is $1.87/kW-month with a range of
12.92. This means that in one part of the country the price for Spinning Reserves can be
over 200 times the price in another part. Such a wide variation in the price for Spinning
Reserves cannot be explained based on fuel prices alone. The average price for
economy energy in the wholesale market is $23.83/MW with a range of 34.50. Buying
economy energy only varies by a factor of 3.

A conclusion drawn from this analysis of the prices for Spinning Reserves is - utilities
are using a variety of methods to calculate the variable cost of ancillary services and are
finding every different results. One reason may be that utilities are using allocation
techniques similar to those used to calculate fixed-cost based services., e.g., Reactive
Supply. Others are using ratios and other indirect methods for calculating variable-cost
based services.

2.5  Methodology for Calculating the Fixed Cost of Providing Voltage Control and
Reactive Supply from Generating Units

The following describes a methodology developed by the American Electric Power
Company (AEP) for calculating the fixed cost of providing Reactive Supply and
Voltage Control from generating units. This methodology illustrates how AEP
enumerated all of the fixed costs for its tariff filings before the FERC.  Our purpose in
presenting this methodology is illustrate a fixed cost method; the variable costs
methodologies are contained in sections 3.0 and 4.0.

As shown in Figure 2-2, this fixed cost methodology is based on data from the FERC
Uniform System of Accounts.  This approach separates the cost for power plant
facilities into three cost components; the generator and exciter, accessory equipment
that support the operation of the generator and exciter, and the remaining total power
plant investment required to provide real power for supporting real power losses in the
generator and exciter used to produce reactive power.
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Figure 2.2 - AEP Methodology for Determining Reactive Power Supply Price
(As Filed--Final Version)

Summation 
Accounts 314, 323, 333, 344

(Turbo Generator)

24% Cost Allocated to 
Generator - Exciter

(MVAR2)
(MVAR2)

Applied to Gen., Exciter and Accessory 
Electric Equipment Cost (21%)

Investment Allocated to Reactive Power Production

Apply Carrying Charge for Production

10% Cost Allocated to 
Support Generator - Exciter

Investment Allocated 
to Reactive Power Production

Percentage (0.15) of Real 
Power Losses in Generator 

Required to Produce Reactive Power

Less Investment in Generator--Exciter 
and Accessory Electric Equipment Accounts 

Allocated to Reactive  Power Production

Total Production
Plant Account

(Accounts 310-346)

Summation
Accounts 315, 324, 334, 345

(Accessory Electric Equipment)

Power Plant  (310-346)

Determine VAR charge in $/KW-month
by dividing cost of VAR production
facilitates by internal peak demand*

* Includes firm contracts

Figure 2-2  Fixed Cost Methodology

At the top of Figure 2-2, the FERC account numbers are identified for the three
components.  Each component summation aggregates the cost contained in the
identified account numbers.  Next the percentages of the summed costs are calculated
to determine the amount that can be allocated to the fixed cost of producing reactive
power. Then the total investment is corrected to account for carrying charges. The final
result is divided by the peak power demand to find the $/kW-month price for
supplying reactive power. This resulting price is what AEP charges its transmission
customers.
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3 
METHODOLOGY FOR CALCULATING THE VARIABLE

COST OF PROVIDING REACTIVE POWER SUPPLY

AND VOLTAGE CONTROL FROM A GENERATING

UNIT

During the workshops we approached the problem of understanding the IOS and
ancillary services by first defining a problem and then finding its solution. That is, each
problem was described from the perspective of the power system operator, i.e., TP,
control center. Then a solution to the problem was traced to a service offered by power
plant.  For example, an operator of a transmission system must maintain voltage on the
transmission system within a specified range.  A possible solution is offered by a
generating units, with automatic voltage regulators, in the right locations. In this
example, the transmission system operator has the problem and the solution is offered
by any power plant that has generating units with automatic voltage regulators, which
is also in the right location where voltage control is necessary. Of course, how power
plants provide solutions to the problems of operating an interconnected power system
are more complex than this simple example illustrates.

3.1  Reactive Supply and Voltage Control from Generating Units

From the perspective of the power system, controlling transmission system voltage
means having enough reactive power available to prevent low voltage conditions. It is
the responsibility of the operators of the power system to schedule the production of
reactive power to ensure low voltage conditions do not occur.

There are a variety of actions a power system operator can take to control voltage.
These actions involve using power system equipment to help prevent or mitigate
voltage problems. This equipment includes;

x Automatic Voltage Regulators on generating units
x Switched Capacitors
x Static VAr Compensators and Reactor Banks
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x Load Tap Changing Transformer
x Series Capacitors

For example, to mitigate the condition of voltage collapse, a problem primarily
associated heavy demand caused by a disturbance or an unusual increase in power
demand, power system operators have adopted a philosophy of increasing
transmission system voltage (inserting capacitors, dispatching generators, etc.) in
anticipation of the morning load pick up. Then as the load increases the voltage is
brought back down to normal. This is sometimes referred to as " getting under the
voltage".

Voltage deviations occur in the power system when the voltage on the transmission
system differs from the schedule. To solve this problem automatic controllers are set by
the control area operators to a scheduled voltage. These controllers work automatically
to maintain the scheduled voltage.

In the United States power plants are the primary resources used to control
transmission system voltage. For example, voltage on the transmission system is set ,
i.e., scheduled, by adjustment of the automatic voltage regulators on generating units.
A plant operator, often under the direction of the power system operator, will increase
the set point to raise the system voltage (and  increase reactive power output) or
decrease the set point to lower system voltage ( and decrease reactive power output), as
power system operating conditions change.

The automatic voltage regulator (AVR) is the primary control of the  generating unit's
excitation system. It continuously measures the generator's terminal voltage and
compares the measured value with the set point. If the terminal voltage is less than the
setting, the AVR increases the dc excitation voltage applied to the generator rotor (field)
windings, which increases the excitation current.  As the excitation current is increased
the strength of the magnetic field linking the rotor and the stator windings also
increases. Consequently, the generator's terminal voltage increases and VArs produced
by the generator flow into the power system. Conversely, if the AVR senses a terminal
voltage higher than the set point, it decreases the excitation voltage, resulting in a
decrease in terminal voltage and flow of VArs into the power system.

Increasing or decreasing the excitation current changes the losses associated with
providing reactive power and controlling transmission system voltage. Losses occur in
the copper of the rotor windings and stator, in the core stator iron, and there are stray-
load losses.  Of the total losses that occur in a generator operating at full load, about
30% are due to resistive copper losses in the field windings, 20% in the copper of the
stator, about 10% in the core (stator iron) and 20% are stray-load losses where the split
between stray and stator losses depends on the design of the generator. Additional
losses occur in the transformer; at full load about 85% are from copper losses and 15%
due to iron losses. And there are additional maintenance and repairs costs associated
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with operating the unit to provide reactive supply for controlling transmission system
voltage that would not occur if the unit was operated at unity power factor.

The FERC recognizes the fact that reactive power supply from generating units for
controlling transmission system voltage is a highly localized service; reactive power
cannot be moved long distances on the transmission system like real power. As a result
it is somewhat unlikely, unless it can be proven otherwise, that the FERC will let power
plants charge i.e., price, this service. Allowing power plants to price this service is too
much of an opportunity for dominant "market power", especially if the power plant is
the only possible option available for supplying reactive power.  The FERC will allow
market-based pricing if the power plants can prove they do not have dominant market
power, i.e., there is a competitive source of reactive power from other suppliers.

The FERC's solution to this problem of market or cost-based pricing is to require power
plants that are part of an integrated utility to offer reactive services at cost. Simply
stated this means that only those costs that are actually incurred in providing the
service can be recovered.  The FERC will only let those components that are directly or
causally linked to the act of providing the service to be part of the estimate of cost
(fixed and variable). Independent power plants, i.e., not part of a regulated utility, can
price reactive power supply if they can prove there is a competitive market to supply
the service.

3.2  Calculating the Cost of Providing Reactive Supply and Voltage Control

Cost of providing reactive supply and voltage control service and the price paid for the
service are obviously not the same. Cost is what it requires to produce a good or
service, including both the fixed and variable costs. Whereas price is the amount of
cash a consumer pays to the producer to purchase a unit of a good or service. And the
difference between price and cost is what you get to keep..

The following is a detailed step-by-step procedure for calculating the variable cost of
providing reactive power and voltage control from a generating unit. This
methodology is complete but it has not been tested using data from an operating unit.
Results of testing the method, using data from two Consolidated Edison units, will be
completed in 1997.

Step 1 Obtain Generating Unit Data

A. Get the manufacturer's data

1. Nameplate rating

2. Saturation and reactive capability curves
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3. Electrical parameters and design data

B. Get steady-state reactances

Step 2  Obtain Time Series Data

A. Get recorded data from operating data; for each recorded time interval record P,
VAr, V

B. Use power flow program to define I at each time interval by using power system
data correlated with the study time period if I is not part of the recorded data

Step 3 Calculate Losses

A. Calculate a base case by assuming that the unit operates at unity power factor for
the same time period being used for the study

B. Estimate field temperatures for each operating condition during the study
period

C. Estimate resistances using unit design and temperatures

D. Use steady-state reactances and the open-circuit saturation curve to calculate
field current

E. Calculate the I2R losses

F. Calculate iron core losses using stator voltages at each time interval of the study

G. Calculate the stray losses using data from the manufacturer's data

H. Calculate the difference between base case and derived values using the
recorded data and integrate over time to obtain costs of losses from extra fuel
used.

The calculated difference is the additional variable costs incurred to provide voltage
control and reactive supply for the study time frame.

Step 4 Calculate Transformer Losses

A. Obtain nameplate data from manufacturer

B. Calculate copper losses using I data for each time interval
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C. Calculate iron losses using V data for each time interval

Step 5 Calculate Costs due to Additional Maintenance and Repairs

A. Obtain historical data on unit, or similar units. to define maintenance and repair
activities

B. Correlate historical record with P, V, I operating record

C. Separate historical data into  their underlying damage mechanism i.e., vibration
thermal, other categories

D. Correct historical records of maintenance and repair activities to present day
values

E. Obtain average cost sensitivities of repair, maintenance or replacement work
as a function of the operating range based on the historical record.

F. Sum costs for each category to find variable costs for a given operating range

G. Compare base case - unity power factor-and actual operating data to find
additional variable costs associated with operating at P, Q in recorded data





4-1

4 
METHODOLOGY FOR CALCULATING THE VARIABLE

COST OF PROVIDING OPERATING RESERVES--

SPINNING

Again, like the session on Reactive Supply and Voltage Control, we discussed
Operating Reserves--Spinning by first defining the power system problem solved by
Operating Reserves and then tracing solutions to generating units.

4.1  Operating Reserves--Spinning

From the perspective of the control area operator, Operating Reserves --Spinning,
henceforth called spinning reserves is defined as some number of generating units,
distributed around and synchronized to the power system, which are partially
unloaded and capable of responding immediately. A portion of spinning reserves is
provided by generating units with operating turbine-governor controllers. These units
provide an immediate response to help arrest a sudden decline in frequency following
a disturbance. Spinning reserves are also needed to restore the tie-lines to their
scheduled power exchange with neighboring control areas.  Spinning reserves are also
used to restore power system frequency to the scheduled frequency following a
contingency.

The role of a generating unit in providing spinning reserves is based on the following
understanding of the mechanical and electrical interactions of the turbine-generator
system.  A generating unit converts mechanical power to electrical power.  The
mechanical power from the turbine rotates a rotor assembly in the generator producing
electrical power to the power system.  A turbine-governor, or speed-load controller,
adjusts the proper amount of steam flowing into the turbine so that the mechanical
power from the turbine exactly matches the electrical power output of the generator.
Sensing any speed deviations in the rotor, the governor constantly adjusts steam flow to
maintain a set speed, e.g., 3600 rpm where 3600 rpm/60 sec = 60 Hz.

If there is a sudden increase in the electrical demand, caused by a loss of a generating
resource or major increase in customer demand, the electrical output of the generating
units in the power system increases to supply in the new demand. This is accomplished
by increasing the mechanical power applied to the generators' rotor assembly. The
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actual sequence of events occur as follows; first there is a sudden increase in electrical
power demand that is greater than the mechanical power produced by the turbine. In
the next moment kinetic energy is removed from the spinning rotor masses to supply
the increased electrical demand resulting in a decrease in rotor speed. As the speed of
the generators' rotors slow down the power system frequency declines. That is, the
slowing of the generating unit's rotors results in a drop in power system frequency.
The frequency continues to drop until the mechanical power from the turbine can be
increased to match the new electrical load demand.

Increasing or decreasing turbine mechanical power is accomplished automatically by
the turbine governor.  This governor changes steam flow into the turbine. Such action
takes place within a few seconds after the sudden change in electrical power demand,
without any human involvement.  It is the action of all the generating units with
turbine-governor controllers that stabilizes frequency after a sudden change in power
demand. For this reason, turbine-governor or speed-load control is sometimes called
primary frequency control because it is primarily responsible for arresting frequency
following a major loss of generation, i.e., a contingency.

In some large interconnected power systems the frequency response characteristic of
the power system load, i.e., the tendency of power system load to decrease as the
frequency declines, may replace the need for generating units that can supply the
turbine-governors' immediate response to sudden frequency declines.

Well if the turbine governors are the primary frequency controllers, what does the
Automatic Generation Control (AGC) system do?  AGC adjusts the load reference
settings of turbine-governor controllers on generating units to restore system frequency
to the scheduled frequency--60 Hz. It does this automatically, and quite slowly
compared with turbine governor speed-load control, taking up to 10 minutes to bring
generation power output to the required production.  AGC is really a fine tuning
method for adjusting power generation. (see section 2.1 Regulation and Frequency
Response).  It is a supplemental control system that takes affect after the turbine
governors have responded to the sudden demand for power and is most effective
during steady-state conditions.  For this reason it is sometimes referred to as secondary
frequency control. In addition to maintaining power system frequency at the scheduled
frequency, AGC also controls power exchange over the tie-lines with neighboring
control areas by adjusting the power output of a few units operating under AGC.

Operating Reserves -- Spinning is defined as generation capacity synchronized to the
power system, which is in excess of the generation required to serve power demand,
and that can respond immediately to serve load. In addition, this generation must
supply its spinning reserve service completely within 10 minutes. This definition means
that a portion of the generating units providing spinning reserves must operate with
their turbine valves partially open, ready to provide the immediate response capability.
The 10-minute response requirement means the unit must increase its output and
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provide the spinning reserve offered by the plant, fully, within 10 minutes.  For
example, a 100 MW unit might provide an immediate 10-15 MW/minute response
followed by a slower 1-2 MW/minute response. The amount of spinning reserves a unit
can provide depends on its loading and its response rate.

4.2  Calculating the Cost of Providing Operating Reserves - Spinning

The following methodology contains a step-by-step procedure for calculating the cost
of providing spinning reserves. It is a functionally complete method. Testing the
methodology using data from a generating unit has not been completed. As a result, the
method has not been validated. Testing at Consolidated Edison will be completed in
1997.

Step 1 Obtain Unit Data

A. Determine MW rating at the terminals and of the auxiliary power system.
Calculate the net rating of the unit.

B. Define the cycle diagram with the applicable parameters P, T, flows, etc.

C. Find design heat balance for turbine and steam generator and any relevant test
data.

Step 2 Determine Generating Unit Load Range and Throttle Reserve Needed

A. Define MW range over which the service must be evaluated

B. Determine magnitude of throttle reserve required

C. Verify that these data are compatible with the unit

Step 3 Define Unit Load schedule and Time Period for Cost Evaluation

A. Define the time period(s) for cost evaluation

B. Define the time interval, e.g., 1 hour 1/2 hour, etc., and then the size of load for
each period

C. Define total hours of operation within a load range, e.g., 150 hours between 70
and 80% of rated load

D. Repeat above for each time period
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Step 4 Define the Operating Mode for Spinning Reserves

A. Define the main steam pressure schedule and temperatures for each load

B. Determine control mode for pressure and temperature

C. Determine control mode for steam generator feedwater pumps

D. Determine control strategy for turbine control valves

E. Determine control mode for all auxiliaries

F. Define the Operating Mode for Comparison, i.e., Without Spinning Reserves

G. Specify steam pressure and temperatures schedule versus load

H. Determine control mode for steam pressure and temperatures

I. Determine control mode for steam generator feedwater pumps

J. Determine control strategy for turbine control valves

K. Determine control strategy for steam generator

L. Determine control mode for all auxiliaries

Step 5 Model Steam/Feedwater/Steam Generator Using a Computer Program

A. Evaluate program capability to model significant effects influencing costs

B. Input data into program from heat balance and P&I diagram

C. Run program to verify model results

D. Calibrate the program to mimic existing data, if available

Step 6 Determine Steam Generator Efficiency

A. Determine steady-state steam generator efficiency versus load

B. Evaluate steam generator efficiency correction for small load variations

C. Determine average fuel cost to be sued for evaluation period
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Step 7 Determine Plant Steam/Feedwater and Heat Rates versus Load for the Two
Operating Modes

A. Run thermodynamic model at each of the load points for spinning reserves

B. Subtract applicable auxiliary load to find the unit's net heat rate at each load

C. Run thermodynamic model at each  load point for non-spinning reserves

D. Subtract applicable auxiliary load to find the unit's net heat rate

Step 8 Calculate Heat Rate Penalty

A. Calculate the difference between the net heat rate for the two modes at each
operating point

Step 9  Calculate Environmental Cost

A. Determine if the unit may have to burn a fuel that pollutes more at low load than
at high load. That is, high sulfur containing oil instead of low sulfur coal.

B. Determine if pollution credits are consumed. Some credits earned by the utility
may be used or credits may have to be purchased.

Step 10  Extra Maintenance Cost for Wear and Tear caused by throttling is a debated
issue. This step in the methodology will be developed during the case studies.
Guidelines on cost and techniques to bound wear and tear will be presented in the
project reports based on the experience of the utilities who fund case studies.
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The above figure is an illustration showing the possible difference between the two
operating modes as a function of unit loading. The actual shape of the curve will
depend on the characteristics of the unit.  In general, at low load the cost of providing
spinning reserves will probably be highest, tapering off at about 70% loading. It will
likely increase at higher loading and then drop off to zero at full output when there is
no difference between the two operating modes' heat rate.

4.2.1  Treatment of Loss Opportunity Cost

This methodology has been developed specifically for steam cycle units. It is capable of
calculating the variable cost of providing spinning reserves based on the perspective of
cost causation. That is, the method traces all losses due to inefficiencies caused by
operating the generating unit in a mode that allows the unit to respond immediately to
turbine governor control.

When deciding whether or not to offer spinning reserve, three general options are
possible;

x Unit has a competitive heat rate and the bid price to supply power will likely result
in operating the unit at near rated load

x Unit is less than competitive and the bid price to supply power will likely result in
only partially loading and the unit can provide spinning reserve

x Unit is started from standstill to specifically provide spinning reserve

In the first case--the possibly of operating at full loading--the decision whether or not to
provide spinning reserves requires calculating the revenues produced by selling power
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at full load and comparing it to the revenues produced by operating at partial loading
plus the price paid for providing spinning reserves and then understanding how to
include the loss opportunity cost in the decision about the unit's operating mode.

The difference between revenues produced by operating at full load and partial load is
called " the loss opportunity cost " of operating at partial loading.  That is, if you
operate at full output and receive $25/ MW for a12 hour period, you will receive
25(12)(800)= $240,000 if full load is 800 MW. At partial loading you would receive
25(12)(500)=$150.000, assuming partial loading of 500 MW. Your loss opportunity cost
is $ 240.000- $150,000= $ 90,000.

The cost of operating at 800 MW and 500 MW differ due to the higher heat rate at
partial loading, or heat rate penalty. This additional heat rate penalty for operating at
partial load plus the cost of providing throttling reserve for spinning reserve ( see
methodology above) is the combined variable cost of providing spinning reserve. This
means that the price paid for spinning reserve must be greater than (1) the loss
opportunity cost of not operating at full output, as shown above, or (2) the combined
cost of operating at partial output plus the cost of throttling reserves and including the
unit's fixed costs, e.g., debt, fix maintenance, contracts, etc.

The following relationships summarize the important cost and price components;

1  [Revenues @ full load] - [Revenues @ partial load] =

loss opportunity cost of operating @ partial load

2.  [Revenues @ partial load] plus [Revenues for providing spinning reserves] must
be >> [costs of operating at partial load (fixed + variable)] plus the [cost of throttling
reserves]

3.  [Revenues @ partial load] + [Revenues for spinning reserves]

must be >> [Revenues @ full load]

Thus,

4. [Revenues for spinning reserves] must be >>

[Revenues @ full load] -[Revenues @ partial load]

5, [Revenues for spinning reserves] >> [ [loss opportunity cost]

The above relationships are only true for a unit that has the option of operating at full
load.
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In the second case--the unit will likely operate at less than full output-- there is no loss
opportunity cost.  The plant is too expensive and is only scheduled to operate after
other cheaper units are fully loaded. Now the decision whether or not to provide
spinning reserves involves only calculating the cost to provide the service and
comparing it to the price being paid for spinning reserves. That is, this decision is the
classic situation of knowing your costs to make sure you sell at a price that exceeds
your cost.

In the last case--starting the unit from standstill to provide spinning reserves- involves
calculating the start-up cost, partial load costs and the cost of throttling reserves. To this
the fixed costs are added to get the total cost of starting a unit to provide spinning
reserves. This cost is then compared to the revenues expected for providing spinning
reserves. Again, this is the classic case of knowing your costs to ensure you make
money when you provide the service.
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5 
TOOLS TO MAKE DECISIONS

In a competitive market, where prices are based on market supply and demand
dynamics, the value of a power plant may be viewed simply as the value of excess of
revenues produced by the plant over the costs to own and operate the plant. That is,
future REVENUES - TOTAL COSTS = VALUE, where total costs includes both fixed
and variable costs.  According to this definition of value, the historical costs to buy or
build the plant ( fixed costs ) are not the principle determinate of value. It only matters
what can be done with the power plant in the future (expected revenues).

Management decisions about how to operate a plant and the value of the plant are
intimately related. As already mentioned, in a competitive power supply market--
where prices are set based on supply and demand--a plant's value will be determined
based on future revenues over future costs. It is management's responsibility to make
decisions about operating strategies that maximize plant value. These decisions involve
identifying a wide range of possible operating strategies and then selecting the best
strategies that maximize a plant's value.

If management's decision is to sell the power plant, the sale yields the net sale price
(sale price less any cost of sales) minus any remaining debt repayment. If the proceeds
from the sale are greater than the future revenues of operating the plant minus the
variable costs, then operating the plant makes no contribution to the fixed costs and
selling the plant is the right decision i.e.,

Gain =  Sale Price -  Cost of Sale and any remaining Fixed Costs

Gain ≥   Future Revenues
Projected
∑  -  Future Variable Costs 

Projected
∑

Setting aside for the moment the option of selling the plant, the decision to keep
operating the plant should be based on whether future revenues from operating the
plant will be greater than the future costs incurred in operating the plant. Stated
another way, it pays to operate a plant if revenues are sufficient to cover variable costs
and make some contribution to fixed costs because the alternative of not operating the
plant makes no contribution to fixed costs.
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A situation may arise when it makes sense to keep operating the plant but make no
additional investments. That is, projections of future market prices might suggest that
operating revenues will cover variable costs, and make some contribution to fixed costs,
but that these prices are not high enough to fully recover fixed costs. In such a case the
prudent strategy is to operate the plant to cover as much of the original capital
investment.

A decision to make an investment in a plant is also unrelated to the plant's fixed costs.
Any investment must have a reasonable expectation of earning a return, that is, the
investment must produce cash flows to cover variable costs and recover fixed costs. The
cash flow expectation must be enough to fully recover the investment or the investment
will not make sense because the result will be to increase fixed costs due to the new
investment.

Identifying the best plant operating strategies that increase the value of the plant
involves analyzing how the plant performs under a variety of conditions. Such analyses
require studies using tools, i.e., simulation models and other techniques that capture
plant performance and the affects on fixed and variable costs of operating the plant.
EPRI's ancillary services projects are focused on developing these tools for the owners
of power plants.

EPRI's plan for the ancillary services projects involves testing methodologies developed
for calculating the variable and fixed costs of providing ancillary services using data
from several different generators.  Then, based on the results of these case studies, EPRI
expects to evolve the methodologies into a simple set of tools appropriate for all kinds
of plants e.g., hydro, combined cycle, etc.  Utilities who are interested in using the
methodologies should contact EPRI and submit their plant data. EPRI will return a
proposed project plan and cost estimate to complete the study. As more utility projects
are completed, a simple set of tools can be developed to analyze how different
operating modes affect the cost of operating a plant.
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DEFINITIONS OF TERMS

Back-up- back-up power is used to replace the temporary use of Operating Reserves-
Spinning following a contingency, e.g., generation outage, loss of transmission
equipment, etc. Capacity, energy or interruptible load used to replace portion of the
load that exceeds generation following a contingency.

Energy Imbalance-compensates for the differences between scheduled and delivered
energy, typically calculated over one hour time intervals. Provides an incentive to stay
within a specified band by penalizing power demand that exceeds the band.

Reactive Supply and Voltage Control from Generating Sources- reactive power from
generating resources is needed to support the transmission operations and to
continuously adjust the transmission system voltage in response to system needs.
Reactive supply from generators supplements reactive supply resources within the
transmission system, e.g., switched capacitors, static VAr compensators, etc. in an
amount sufficient to maintain transmission voltages within prescribed limits i.e.,
scheduled voltage following a contingency.

Regulation and Frequency Response- maintains the scheduled frequency at 60 Hz via
automatic generation control (AGC control of selected power plants), to follow
moment-by-moment load changes.

Operating Reserves --Spinning- provided by power plants that are on-line and only
partially loaded, i.e., operating at less than their maximum capability. These reserves
are needed to supply demand following  a contingency, i.e., a loss of a major generator,
transmission line or corridor, etc.

Operating Reserves--Supplemental- resources available within a short time  to serve
load following a contingency, e.g., quick starting units, interruptible load.

Real Power Transmission Losses- replaces energy losses on the transmission system
associated with providing transmission service.

Reactive Power- one of the biggest problems confronting those who are trying to
understand what reactive power is,  has to do with the desire to have an entirely
separate definition that explains reactive power without reference to real power. Real
power, of course, is defined to be the ability to do work. But the ability of any power
consuming entity to use real power also depends on being supplied reactive power.
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Thus reactive power is simply one of the two components of the total power required to
make electrical equipment work." You cannot make an omelet without breaking eggs".
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