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                                Proposed Key Dates:        

· ??, RFP released.

· No later than ??, questions for clarification must be submitted by email.

· No later than ??, answers to questions will be sent to all bidders by email.

· No later than ??, proposals must be submitted and received.

· ??, tentative meeting and presentation by possible bidders in Austin.

· No later than ??, bidder selected.  
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9.0 sELECTED terms and DEFINITIONS 
1.0 Introduction and scope
Due to deregulation and open access
 of the U.S. transmission grid, ERCOT has experienced an increase in popularity and utilization of single-shaft and combined-cycle gas turbines.  A combined-cycle turbine is defined as an electric generating technology in which electricity and process steam are produced from otherwise lost waste heat exiting from one or more combustion turbines. The exiting heat is routed to a conventional boiler or to a heat-recovery steam generator for use by a steam turbine in the production of electricity. This process increases the efficiency of the electric generating unit.  The popularity of gas combined-cycle turbines is related to the fact that they have greater efficiency, quicker response and lower emissions when compared to traditional coal-fired plants.  It is estimated that in the near future approximately two-thirds of all energy supplied in the ERCOT system will be produced by gas-turbine combined-cycle power plants.

Gas turbines and their controls are significantly different than fossil fuel steam turbines.  For example, in the case of the gas turbine, maximum power of the unit is dependent on ambient temperature.  Moreover, there is concern that, unlike a traditional coal-fired plant, gas turbines have significantly less inertia, and frequency deviations may cause changes to the unit power output.  This concern is amplified during system disturbances when inertia and power output of on-line generation units provide support to the overall system performance in the form of spinning reserves and frequency correction.  An added concern is that in the ERCOT system high-set relays normally set to offset responsive reserve
 may be taken off line, increasing the requirement for active reserve.  Reserve requirement for ERCOT is 2300 MW.  As more and more combined- cycle plants are brought into service, the generating companies will come under increasing competitive pressures. As a result, they will need to understand the life usage implications of transient and peak-loading operations in addition to base load duties.  A better understanding of performance, availability and emissions issues will give some companies the edge in safeguarding their investment. 

Finally, as ERCOT system operators push the transmission grid to its limits, accurate and appropriate models are needed to study the effects of large combined-cycle devices for stability effects.  Currently, these models are not available.    Furthermore, the combined-cycle models that are available may not be as accurate as other models, and there are significant questions about accuracies of commercially available models.  Due to this growing apprehension, ERCOT is requesting that all models developed be verified via field testing.  

The purpose of this document is to outline modeling criteria, definitions, and test objectives to develop a series of combined-cycle stability generation models.   The primary purpose of such models is to accurately simulate the dynamic performance of combined-cycle turbines and the impact they have on the ERCOT power system. 

2.0 Combined-Cycle plant overview 

The main components of a combined-cycle plant are 1) a gas turbine, (GT) 2) a steam turbine (ST), and 3) a heat-recovery system generator (HRSG).  These components can be combined in a variety of ways to include single-shaft and multiple-shaft configurations.  Figure 1 outlines the main components in a gas-fired combined-cycle configuration. 
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Figure 1., Overview of Combined-Cycle Plant.

As stated previously, the major advantage for the combined-cycle facility is the ability to capture exhaust heat from the gas turbine and produce electricity.   Because of this ability, combined-cycle units have an efficiency reaching ≈55% as compared to a fossil fuel plant of ≈ 35%. 

2.1 GAS TURBINE (BRAYTON CYCLE)  

As the name implies, gas turbines utilize natural gas as the primary fuel.  Without the additional heat recovery, a new gas turbine (simple cycle) can reach efficiency of ≈ 38%.  Single turbines have been designed at a capability of 270 MW, but it is a more common practice to group several smaller units to reach desired energy output.    Because of its proven technologies and high efficiency, gas turbines can be found employed in all kinds of applications in numerous countries worldwide.  Figure 2 displays a typical gas turbine. 
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Figure 2. Components of a Combined-Cycle Plant.  (Source: Siemens webpage)

Gas turbines can be grouped into to main branches 1) heavy-duty and 2) aero-derivative types. The heavy-duty power gas turbine is utilized in industrial power applications and includes the following turbine types: 

· GE frame 7

· GE frame 9

· Alstom GT26

· Siemens – Westinghouse 501F

· Mitsubishi M701F

Example of aero-derivative-type turbines are:

· GE LM2500

· LM6000

· AlstomGT10 

Gas turbines typically operate following a Brayton cycle and consist of three stages: 1) axial compressor, 2) combustion chamber, and 3) turbine.    The axial compressor intakes air (normally at ambient temperature), and through a series of stator and rotor blades, pressure is increased.  At this stage, kinetic energy is transferred to the rotor blades while the stator blades develop potential energy in the form of pressure.   Pressure ratio within the axial compressor is between 15 and 20.   Following the compressor stage, fuel is mixed with the air in the combustion chamber.   The fuel-air mixture is ignited, and the hot gas expands and drives the multistage turbine and generator (GT).  Output power of the gas turbine is interdependent on the ambient temperature of the intake air. 

2.2) HEAT-RECOVERY SYSTEM GENERATOR (HRSG)

The next stage in the combined-cycle process is the heat-recovery system generator.  The remaining heat in the exhaust of the GT stage is supplied to the HRSG, where energy is transferred to a working fluid of the steam plant.  The thermodynamic process is typically characterized by a Rankin cycle.  Heat from the GT exhaust is transferred to water via economizer tubes.   Additional heat is added at the boiler drum and is superheated.  This superheated working fluid expands in the steam turbine and drives the generator.     

2.3) STEAM TURBINE (Rankine Cycles)
Existing steam turbine models appear to accurately model combined-cycle steam turbines. The gas-turbine exhaust gas is routed to a heat exchanger, the heat-recovery steam generator, to raise superheated steam for the turbine without any additional fuel consumption.  (See Figure 3.)
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              Figure 3. Graphical Representation of Combined-Cycle Plant. (Source: Siemens web page)

2.4) Modifications to Combined-Cycle Plants     
In a fully fired combined-cycle block, the gas-turbine exhaust gas is used as combustion air for the steam generator in a conventional power plant, thereby enhancing station efficiency. (See Figure 4.)
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      Figure 4., Exhaust from Combined-Cycle Plant Used as Input to Steam Plant. (Source: Siemens web page)

All combined gas and steam cycles are suitable for the extraction of low-temperature steam from the steam turbine. The thermal energy in the gas-turbine exhaust can likewise be used directly via a heat exchanger. (See Figure 5.) There is a particularly high demand for the supply of distinct (?) heating to urban areas and process heat for industry.
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                Figure 5. Exhaust Heat Used as Cogeneration Facility. (Source: Siemens web page)

2.5) Single and Multiple ShAftS 

Single-shaft designs are one of the most common types of configurations for combined-cycle turbines.  In this configuration, the gas turbine and steam turbine drive the same turbine.  The advantage of this configuration is that there is a lower installation cost per MW when compared to a multiple-shaft turbine and simple controls.  

The multiple-shaft combined-cycle unit is designed with one or more gas turbines, feeding separate or multiple steam units on separate shafts.  This configuration is typically associated with re-powering of existing gas plants.  One advantage of this configuration is that a phase-in approach can be implemented to match system requirements.    

3.0) Modeling requirements 

In the past, modeling of gas and combined turbines was based on standard utility modeling assumptions.   ERCOT has used generic models to represent the gas turbines, namely the GAST and GAST2A available in as standard models in the PTI PSS/E package.  When required modeling of combined-cycle plants was done on a limited basis, it was accomplished by using “USER DEFINED models” such as the URST4b model.  Although appropriate in most circumstances, as ERCOT dependence on gas turbines grows so does the need to accurately model these relatively new devices.       

New combined-cycle turbine models should be applicable for the following studies. (See Figure 6.) 

1. Steady state (load flow)

2. Transient dynamics (large disturbances)

3. Small-signal stability (small disturbances)

4. Stability studies including short- and long-term dynamics (angular, frequency, and voltage stability)
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Figure 6. Outline of Planning Studies. (Source: Kundar 1999)

In addition, matching actual disturbance data with model simulations requires consideration of both large- and small-signal performance criteria during design specification and acceptance testing of any model developed for use by ERCOT staff and ERCOT’s stakeholders.  

Additional modeling requirements are: 

· Block diagrams representing controls systems

· FORTRAN code
 

· Incorporation into the PTI  PSS/E
 software

· Validation via testing

· Flexibility – ability to incorporate additional factors as required by users 

· Account for real and reactive power

· Account for effects of a weak transmission system (low short-circuit ratio - SCR)

· A list of all assumptions and simplifications made in developing models along with a brief justification.

· The level of achieved accuracy for dynamic simulations to study the different stability phenomena must be reviewed and accepted by ERCOT.

3.1 Block Diagrams Representing Control Systems

One of the first steps in modeling any device in a numerical program is comprehension of the physics of the equipment to be modeled.   To aid in understanding the physics, block diagrams (Figure 7) are used to represent the equipment, using differential and algebraic equations.  These block diagrams can be reduced using calculus and block-diagram algebra to transform the system equations into a manageable model.   Transitions between block functions and feedback require different time intervals.  These transitions should be clearly marked in the provided diagrams. 
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Figure 7. Mechanical Layout of Typical Combined-Cycle Turbine.

3.2 FOrTRAN Code 

Model source code
 is required for all models developed for use by ERCOT staff and stakeholders.  By providing this code, ERCOT is assured that future upgrades to the models and modifications can be made.  Furthermore, having the source code available will make the translation of models into other power system simulators more readily available.  

3.3 Incorporated into the PTI PSS/E Software
ERCOT staff and stakeholders use the PTI PSS/E as their standard software tool. The PTI PSS/E is a package of programs for studies of power system transmission network and generation performance in both steady-state and dynamic conditions. PTI PSS/E handles power flow, fault analysis (balanced and unbalanced), network equivalent construction, and dynamic simulation. PTI PSS/E is not designed to solve any specific problem. Rather, it is a carefully optimized data structure associated with a comprehensive array of computational tools that are directed by the user in an interactive manner.  To import models into the PTI PSS/E platform, control block diagrams are translated into FORTRAN statements and compiled during the initialization of the dynamics data. 

3.4 Validation Via simulation and measurement Testing

The performance and degree of accuracy between generic models and a detailed model of the study system should be validated as follows:

· Simulation using a dynamics base case to be provided by ERCOT. 
· Measurement by applying a disturbance to a system (subsystem) within ERCOT to which a large combined-cycle plant is connected. The measurements will be coordinated by ERCOT in collaboration with a combined-cycle turbine developer. 

· Large- and small-signal stability validation will be carried out as specified by ERCOT.  
· Time and frequency response results for the multi-turbine combined-cycle plant and single-shaft combined-cycle plant model should be presented

3.5 Large-Signal Performance

Large-signal performance is the response to signals that are large enough that nonlinearities are significant. The purpose of large-signal performance criteria is to provide a means of evaluating the system performance for severe transients affecting system transient stability. The criteria must reflect the effects of operation under realistic power system disturbances. With respect to performance testing, it is often impractical to adequately duplicate these effects. In cases where tests can only be made on individual components and only at partial load or open circuit, analytical means may be used to predict performance under actual operating conditions.  All major control loops should be represented in model design to include GT maximum power output for severe variations in frequency. 
3.6 Small-Signal Performance.

Small-signal performance is the response to signals that are small enough that nonlinearities are insignificant. Small-signal performance of a combined-cycle turbine control system or its components can be assessed from time responses, frequency responses, or by eigenvalue analysis.  Small-signal performance criteria provide a means of evaluating the response of systems for incremental load changes, incremental voltage changes, and incremental changes in synchronous machine rotor speed associated with the initial stages of dynamic instability (where oscillations are small enough that nonlinearities are insignificant). Small-signal performance data provide a means for determining or verifying model parameters for system studies. 

3.7 Flexibility  

Models to be developed should have the ability to incorporate additional factors as required by users and to account for changes in design.  For example, as ambient temperature increases or decreases, power output for the combined-cycle turbine will increase proportionally.  This may not have significant results for transient stability studies but will have considerable impact for frequency and voltage stability studies.  As penetration levels of combined-cycle generation increase, the ability to change ambient temperature and predict system swings due to combined-cycle generation will have an increased benefit. Users should be able to modify this function using look-tables (look-up tables?) for a piece-wise linear approach.   
3.8 Account for Real and Reactive Power

In large-scale electrical power systems, synchronous generators interconnected to the grid provide power and voltage support. Voltage support maintains grid voltage close to a nominal value by injecting or absorbing VARs in the system.  The voltage profile task is very important and in some cases may be one of the leading causes for system constraints.   Voltage limitations are intensified the farther away the source is from the load.  For example, there is an increased need for voltage support as power is transmitted over longer distances.  The longer line causes a voltage drop and a phase shift when current flows through it caused by an increased line resistance and reactance.  The increased line reactance requires additional VARs.   The farther away the source is from the supply, the more VARs will be required at the sending end of a heavily loaded transmission line.  Typically in the past combined-cycle generation has not been considered for providing voltage support.  In a deregulated market where all generation is considered equal, combined-cycle generation must account for the same performance as other generators in the system or make provisions to be comparable.  Models will have appropriate representation of both the HRSG and ST for long-term voltage studies.   

Voltage profile and reactive requirements must be considered in developing a combined-cycle turbine model and when measuring system performance.  Other reactive compensation, such as collector line or interconnection substation capacitor banks on voltage or current controlled switches, must also be incorporated into the combined-cycle plant model. 

3.9  Effects of a Weak Transmission System (low short-circuit ratio- SCR)

System strength can be considered for both the nominal intact AC system and for contingency situations.  The most severe line or synchronous machine contingency is usually the critical condition for system design.  However, degraded performance or diminished power transfer capability is determined to be acceptable, within bounds, for the most severe contingencies, and some intermediate system condition may be limiting for some design conditions depending on system relative strength.  The definition of system strength is commonly specified in terms of three-phase fault or short-circuit capacity
 (SCC), which is calculated as: 

SCC = √¯(3 *Vacn* Isc)

where Vacn = the nominal AC bus line-line voltage 

Isc = three-phase short-circuit current

The short-circuit ratio is developed using the SCC and comparing it with the size of the inverter (in this case the combined-cycle turbine) device

                                                     SCR = SCC 







 Pn

where Pn is the size of the device in MW 

In a weak system, stability becomes more of a factor as penetration of combined-cycle generation increases.  Studies indicate that for a weak system, there are an increased number of “discrepancies” between what is mathematically simulated and actual fault recorded.  This discrepancy increases the need for more accurate combined-cycle turbine models.   

4.0  TRAINING 

The vendor is asked to provide a separate bid for training ERCOT and its stake- holders in the techniques and algorithms used to generate aggregated models.  

Training should include the following:

· Data preparation

· Interpretation of results

· Specific training on the modeling software and the conversion of block diagrams

· PTI PSS/E user model writing and integration information:

a. Dynamic Analysis Tools

i. Differential Equations

ii. Laplace Transforms

iii. Transfer Functions

iv. Block Diagrams

v. Feedback Control System Concepts

b. Review of PTI PSS/E Dynamic Activities

i. Dynamic Simulation

ii. Basic Simulation Set-up Procedures

iii. Documenting, Checking and Altering Data

iv. Exciter and Governor Response Tests

v. Applying Disturbances

vi. Assigning Output Channels and Plotting Results

c. PTI PSS/E Model Writing

i. FORTRAN

ii. Compiling and Linking CONEC and CONET

iii. PTI PSS/E Program and Data Structure

iv. PTI PSS/E Program Flags and Indexing

v. PTI PSS/E Dynamic Simulation

vi. Model Writing - Calling Sequence

d. Model Writing - Initialization and Run Modes

e. Model Writing - Basics and Data Input

f. Advanced Uses of CONEC & CONET

g. Class Examples and Exercises

h. Course Review and Discussion

The purpose of this course is to provide the users of the combined-cycle models with the ability to change, update, and modify models as required.   This course should be appropriate for a small group of 15 to 25 attendees, with three days of instruction and two days of hands-on work.   Vendor should be able to describe in detail all aspects associated with PTI PSS/E user model development.    

5.0 REQUIRED ELEMENTS FOR PROPOSED SCHEDULE

Task 1: Collecting field data from measurements taken at combined-cycle plants to  validate models   

Task 2: Developing detailed models to represent gas turbines and combined-cycle turbines in the most common configurations. (Expert consultants’ advise needed)  

Task 2: Validating models using ERCOT base-case simulations and through field measurements.   

Task 3: Training in utilization of combined-cycle aggregated models for plants for both types of turbine.

ERCOT anticipates that in the future models used in different studies will involve a mix of different types of combined-cycle turbines. However, a task approach as proposed above will ensure the proper knowledge transfer throughout the entire project as well as testing and validation of the developed models. 

Note: 

1. Additional requirements for task 1 will be defined in a separate document depending on model requirements (expert consultants’ advice needed).  

2. Validation will require small-signal, large-signal, and voltage stability studies to validate the accuracy of the models. 

6.0 Outline of Key Elements Required in Submitter’s Proposal

If appropriate, bidder can submit individual bids for single or multiple tasks of the project as outlined in Section 6.  Preference will be given to single source bids for the entire project.  

(The periods in the following lists should all line up.)

6.1 Qualifications  

a. Description for basis of investigation

b. Previous clients, with contact information (ERCOT reserves the right to contact any previous client, whether or not listed.)

c. The proposed study team and their qualifications

d. Overall benefit to ERCOT

e. Industry experiences, practices and requirements

f. Summary of bidder’s background and resources available 

g. Information regarding any relationships between your organization (or any of its clients) and ERCOT that would impair your objectivity or independence, in fact or by appearance. 

h. Full disclosure of any lawsuits or other legal disputes involving services provided by your organization

6.2 Procedure for RFP 

i. Theoretical review of analysis and approach 

j. A description of development process

k. Statement of analytical tools used

l. Overview of development methodologies including existing models that have already been developed.  

m. Comparison methods and other analytical tools

6.3 Estimate of Timeline with Benchmarks

n. Deliverable and dates FOR EACH TASK  

o. Timeline for overall development and benchmark dates

p. Submit study scope to ERCOT for approval

q. Scope modification dates

r. Gather and prepare data dates

s. Completed study date

t. Post-study period for committee review

u. Distribute study report to ERCOT

v. Report presentations

w. Presentation dates

x. Milestone dates  

NOTE: Schedule is tentative and will be revised as necessary and appropriate by ERCOT.

6.4 Detailed Description of Data Required and Format

y. Data that ERCOT will provide

z. Latest base cases for model development

aa.  What media will be used to transfer data

ab.  Dynamics data requirements 

ac.  Distribution data requirements  

ad.  Real-time data requirements

ae.  Shunt capacitor and reactor installations 

af. Specific dates for submittal of data, to be adjusted on availability

ag.  The final list of events to be studied in detail.  

6.5 Estimate of Funds Required

ah.  Policy for timely deliverables

ai. Costs and payment details

aj. Additional terms and conditions

6.6 Final Report (Documentation) 

All documentation for studies will be supplied in both printed and electronic form and will meet the following criteria:

ak. Electronic documents must be compatible with Microsoft Office 2000

al. An electronic version of the study and all related data, including power-flow cases, dynamics data, and the final report, are to be provided on CD-ROM.

am. Color documents should be designed so that they can be legibly printed on a black-and-white laser printer.  

an.  Executive summary containing a brief description of project development and approach.

ao.  Final report to include a presentation to ERCOT members to review study findings at an "Open House" for ERCOT stakeholders and PUCT staff.  This presentation will be held in the Austin area.

ap.  All combined-cycle models developed in this process and associated information to include “programming code” that is provided to ERCOT will be made public for the use of all ERCOT stakeholders and their affiliates. 

7.0 GENERAL INFORMATION AND REQUIREMENTS
The key dates for the Request for Proposals (RFP) process are as follows:

· Questions for clarification must be submitted by email to Juan S. Santos (jsantos@ercot.com ) no later than ??.

· No later than ??, answers to questions will be sent to all bidders by email.

· No later than Sept. ??, proposals must be submitted and received.

· ??, tentative meeting and presentation by possible bidders in Austin. ERCOT will select bidders for this meeting.  Not all bidders may be selected for this meeting and presentation. 

· No later than ??, bidder selected.  

No work shall commence, no data will be provided nor shall any invoices be paid until the contractor has signed a consulting agreement with ERCOT.  This agreement will require the confidentiality of ERCOT information.   ERCOT will provide a copy of its standard consulting agreement to the selected bidder. 

ERCOT requests the bidder to provide as much information as possible when responding to each point in this RFP.  The bidder must identify any specific requirements with which it is unwilling or unable to comply.  

ERCOT reserves the right to amend this RFP at any time before the specified due date for proposals.  After the proposal due date, amendments to the RFP shall be sent only to bidders who submitted a proposal.

All those submitting proposals shall keep their proposals open for acceptance by ERCOT for a period of 120 days.

Any cost incurred by the bidder in the preparation of the proposal will be borne by the bidder, and the proposal will become the property of ERCOT.  

No oral or written statements made by ERCOT personnel shall be considered addenda to this RFP unless the statement is confirmed in writing and identified as a written addendum to this RFP.  During the evaluation process, it will be assumed that respondents received all amendments and addenda for this RFP. 

ERCOT reserves the right to seek proposal clarification from any bidder to assist in making decisions.  A meeting and presentation by selected bidders may be called by ERCOT and held in Austin to assist in final decisions.  Any cost incurred by the bidder for the meeting and presentation to ERCOT will be borne by the bidder, and the presentation will become the property of ERCOT.

RFP and scope of work may be submitted via email but should be followed up with hard copies and must be received by ??.  Three copies of the proposal are required. If appendices or other supportive documents are required, then it is requested that three sets be submitted with your proposal. 

No data, results, reports, technical papers or documentation of any kind will be released by the selected bidder outside of ERCOT staff without written authorization of ERCOT.   

ERCOT will evaluate all proposals and consider cost, reliability, and quality of service in the selection of the organization it believes will provide the best overall value to ERCOT.  It is understood that ERCOT reserves the right to reject any and/or all bids and to waive irregularities and informalities as deemed necessary.

All information submitted in response to this RFP is public after the Notice of Award has been issued. The bidder should not include as part of the response to the RFP any information, which the bidder believes to be a trade secret or other privileged or confidential data.  Any information submitted by bidders may be shared with any ERCOT stakeholders (e.g. market participants in the ERCOT region electric market) involved in the study.

8.0 DISCLOSURE OF INTEREST

All bidders shall make full disclosure in writing at the time of the proposal of any of the following existing business relationships with ERCOT personnel:

· If the bidder is a private company, detail or ownership of shares by any ERCOT personnel. If the bidder is a public company, ownership of shares in excess of 5% of total shares by any ERCOT personnel.

· Detail of any directorships of any ERCOT personnel.

· Affiliation to any known market participant in the ERCOT region.

By submission of a proposal, the bidder certifies (and in the case of a joint proposal, each party certifies) that:

· No relationship exists or will exist during the contract period between the bidder and ERCOT that interferes with fair competition or is a conflict of interest.

· The proposal has been developed independently without consultation, communication or agreement with any employee or consultant of ERCOT who has worked on the development of this RFP or with any person serving as an evaluator of the proposals submitted in response to this RFP.

· Bidder is not an ERCOT member or affiliated with an ERCOT member.  

If a bidder fails to disclose an interest, ERCOT reserves the right to terminate or cancel a contract into which ERCOT may have entered with that bidder.

Submit hard copies of the bid in triplicate and electronic copies in MS word format by Sept 6, 2002.  Documents will be distributed via email to members of the Combined-Cycle Model Development Task Force.    

Juan S. Santos MSEE

Senior Consultant, System Planning

Technical Operations


ERCOT 

2705 West Lake Drive

Taylor, Texas 76574-2136

(512) 248-3139, Fax: (512) 248-3082

Email: jsantos@ercot.com
9.0 sELECTED terms and DEFINITIONS (Source NERC web page)

(I think these should be in alphabetical order.)

Ramp Period 

The time between ramp start and end times usually expressed in minutes.

Ramp Rate (Schedule) 

The rate, expressed in megawatts per minute, at which the interchange schedule is attained during the ramp period.

Rating 

The operational limits of an electric system, facility, or element under a set of specified conditions.

Continuous Rating 

The rating as defined by the equipment owner that specifies the level of electrical loading, usually expressed in megawatts (MW) or other appropriate units that a system, facility, or element can support or withstand indefinitely without loss of equipment life.

Normal Rating 

The rating as defined by the equipment owner that specifies the level of electrical loading, usually expressed in megawatts (MW) or other appropriate units that a system, facility, or element can support or withstand through the daily demand cycles without loss of equipment life.

Emergency Rating 

The rating as defined by the equipment owner that specifies the level of electrical loading, usually expressed in megawatts (MW) or other appropriate units, that a system, facility, or element can support or withstand for a finite period. The rating assumes acceptable loss of equipment life or other physical or safety limitations for the equipment involved.

Ancillary Services 

Interconnected Operations Services identified by the U.S. Federal Energy Regulatory Commission (Order No. 888 issued April 24, 1996) as necessary to effect a transfer of electricity between purchasing and selling entities and which a transmission provider must include in an open access transmission tariff. See also Interconnected Operations Services. (Interconnected Operations Services is not defined in this.  No place to “see”)

Energy Imbalance Service

Provides energy correction for any hourly mismatch between a transmission customer's energy supply and the demand served.

Operating Reserve: Spinning Reserve Service 

Provides additional capacity from electricity generators that are on-line, loaded to less than their maximum output, and available to serve customer demand immediately should a contingency occur.

Operating Reserve: Supplemental Reserve Service 

Provides additional capacity from electricity generators that can be used to respond to a contingency within a short period, usually ten minutes.

Regulation and Frequency Response Service 

Provides for following the moment-to-moment variations in the demand or supply in a Control Area and maintaining scheduled interconnection frequency. What is this??Provides for a) scheduling, b) confirming and implementing an interchange schedule with other Control Areas, including intermediary Control Areas providing transmission service, and c) ensuring operational security during the interchange transaction.

Automatic Generation Control (AGC) 

Equipment that automatically adjusts a Control Area's generation to maintain its interchange schedule plus its share of frequency regulation.

Constant Frequency (Flat Frequency) Control - Automatic generation control with the interchange term of Area Control Error ignored. This Automatic Generation Control mode attempts to maintain the desired frequency without regard ??????

Operating Reserve 

That capability above firm system demand required to provide for regulation, load forecasting error, equipment forced and scheduled outages, and local area protection.

Spinning Reserve 

Unloaded generation, which is synchronized and ready to serve additional demand. It consists of Regulating Reserve and Contingency Reserve.

Regulating Reserve 

An amount of spinning reserve responsive to Automatic Generation Control, which is sufficient to provide normal regulating margin.

Contingency Reserve

An additional amount of operating reserve sufficient to reduce Area Control Error to zero in ten minutes following loss of generating capacity, which would result from the most severe single contingency. At least 50% of this operating reserve shall be Spinning Reserve, which will automatically respond to frequency deviation.

Nonspinning Reserve 

That operating reserve not connected to the system but capable of serving demand within a specific time, or Interruptible Demand that can be removed from the system in a specified time. Interruptible Demand may be included in the Nonspinning Reserve provided that it can be removed from service within ten minutes.

Planning Reserve 

The difference between a Control Area's expected annual peak capability and its expected annual peak demand expressed as a percentage of the annual peak demand.
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� In response to the U.S. Federal Energy Regulatory Commission's Orders Nos. 888 and 889, issued on April 24, 1996, many states in the U.S. have declared open access in  nondiscriminatory transmission services and open-access same-time information systems.  Open-access transmission environment fostered by a changing industry structure has prompted ERCOT into deregulation. 





� Responsive reserve is online generation that can respond to system emergencies such as generation outages and line trips. 





� FORTRAN – This term is refers to computer programming language that is outlined in ANSI X3J3./96-007 and International Standards ISO/IEC 1539:1991 


�  The latest version of Power Technologies Incorporated Power System Simulator for Engineers (PTI PSSE) software has been adopted by ERCOT as its standard.      


�  Source code refers to original code needed to implement model.  


� D. Wilhelm High -Voltage Direct Current Handbook  Electric Power Research Institute EPRI TR-104166s 
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