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1 ERCOT CRR Market System Overview

This document describes the high level conceptual design of the ERCOT CRR Market system.
General comment: it would be helpful to add additional section(s) to describe (i) the testing and benchmarking process, as well as (ii) the planned procedures for the six-month trial as required by FR15B.
1.1 Development Purpose

ERCOT's CRR Market System supports the Allocation of pre-assigned CRRs to CRR Account Holders, the CRR Auction to award CRRs to CRR Account Holders, and Bilateral Trades of CRRs between CRR Account Holders.
The Registration, Credit Monitoring, and Settlement processes are supported by external systems.
1.2 Design Approach

The ERCOT CRR System has three functional responsibilities:

· Interactive user interface providing users a consistent quality experience working with the system.

· Interface between the CRR System and other ERCOT Systems providing loose coupling and flexible integration of the CRR System into the ERCOT Nodal Enterprise infrastructure.

· Business logic implementing the CRR System Requirements.

These functional responsibilities are realized using web browsers for user interaction, application servers for presentation and business logic, and relational databases for long term storage.  The application servers deal with interactions between the browser and the system, internal and external messaging, and expose application end points for integration.

1.2.1 System Functional Capabilities

The ERCOT CRR System is composed of five core functional areas as shown in Figure 1:

· Market User Interface (MUI) Subsystem.  The user interface allows the CRR Account Holders to access the CRR System over the Internet.  

· Market Operator Interface (MOI) Subsystem.  This subsystem is the main interface for CRR operators, who are internal ERCOT resources, over ERCOT’s intranet.  

· Data Interface (DI) Subsystem.  This subsystem manages interactions between the CRR System and other ERCOT systems, such as the Network Model Management System (NMMS), Market Information System, Enterprise Data Warehouse, Registration System, Credit Monitoring and Management System (CMM) and Market Settlement System.

· Database (DB) Subsystem.  This subsystem manages all CRR System data within the CRR System.  The database subsystem is designed to meet the volume, security and performance requirements for the system and therefore contains proprietary elements with the exception of the integration points. 

· CRR Calculation (CRRC) Subsystem.  This subsystem performs CRR Market calculations.  These calculations include Auction and Allocation optimizations and simultaneous feasibility analysis (SFT).

1.2.2 Black Box View
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Figure 1:  CRR System and its Subsystems

The interfaces between the CRR System and other ERCOT systems are described in the Data Interface Subsystem section of this document.

1.3 Delivery Mechanism and Schedule

Initial installation of ERCOT CRR System involves the creation of application specific directories and installation of libraries on application and CRR Calculation engine servers.  Software applications such as “pkgadd” are used to automate this process in each environment.  In addition, the application server deployment and configuration graphical user interfaces can be used to ease the installation and configuration of the application (e.g., JBoss console).

The delivery schedule will be finalized before the development of ERCOT CRR System starts.  

2 Functional Specification

Functional Requirements listed under Traceability of each functional component refers to the TPTF approved Congestion Revenue Rights System Requirements Specification, Version 1.0, October 11, 2006.  This document can be found at http://nodal.ercot.com/.

2.1 Market User Interface Subsystem

2.1.1 Traceability

· FR3 determines that CRR Account Holders shall be able to submit linked bids (but not linked offers) consisting of 3 time of use blocks to cover the 7x24 concept. 

· FR9 defines overall activity of a CRR Account Holder.  

· FR11 determines what a CRR Account Holder sees regarding their CRR Awards at the conclusion of the Auction.  

· FR22 restricts access to the CRR System to registered CRR Account Holders.  

· FR9B defines the business process and constraints around offer and bid submission during an auction  

· FR35 describes the PCRR Allocation process and defines the nominations, FR35 also defines the constraints on the nominations submitted by a NOIE/CRR Account Holder.

· FR36 defines PCRR nominations and its attributes  

· FR15D determines the release of PCRRs that can then be part of offers in a CRR auction.  

· FR40 defines activities and constraints for CRR Account Holders in the CRR Bilateral Market.

2.1.2 Interactions

Once CRR Account Holders have navigated to the CRR System through ERCOT’s MIS, they will be able to interact with ERCOT’s CRR market using three areas:

Public Area: Provides access to public data, auction and allocation results and clearing prices.

Certified Common Area:  Provides access to data that is common to all CRR Account Holders.  It also requires the receiving entity to have a CRR Account Holder status with ERCOT for access, e.g., the CRR Network Model, and access to announcements and messages.

Certified Private Area: Provides access to an account holder’s own information so that CRR Account Holders can manage their bids, offers, and nominations using various filtering and sorting mechanisms.  Additionally, in this area, CRR Account Holders can view private messages and private auction results.

The Market User Interface is divided into two components, a presentation layer and a business layer.  The presentation layer includes rendering content for display in a web browser using HTML and Java Applets.  The business layer controls flows through the presentation layer, ensures validity of user interaction, and provides integration with the larger CRR system.  Market User Interface features include sorting/filtering, drag and drop, editing functions and scrollbars.  The Market User Interface Subsystem also supports the Secure Socket Layer (SSL) for secure Internet access.

The Market User Interface allows users to:

· Check common and private message sent by the CRR System operators

· Market participation (auctions and allocations) by obtaining all data provided by the system, including:

· Effective Period and Submission window schedule

· Download all network and market data 

· Create and validate buy bids for CRRs for auctions

· Create and validate sell offers for CRRs for auctions

· Create and validate nominations for CRRs for allocations

· If desired, a CRR Account Holder can specify a self-imposed auction-wide credit limit.

· Record Bilateral transactions, including posting CRRs for sale and responding to existing offers 

2.1.3 Outputs

The following types of output reports will be available for the Market User Interface:

· View and export ownership of record for CRRs

· Review and export awarded/sold PTP Option, PTP Obligation and FGR CRRs and their clearing prices.

· Review and export allocated CRRs from allocations.

· Review and export auction clearing prices for sources and sinks.

· Review and export Bilateral transactions.

· Review and export binding constraints of monitored branches.

2.1.4 Processing

The Market User Interface Subsystem contains two functional modules: Bid/Nomination Manager and Download Manager.  The Bid/Nomination Manager is available within a CRR Account Holder’s private interface.  The Download Manager provides data for display in both the common and public interfaces.  The Market User Interface Subsystem checks the data supplied by a CRR Account Holder for validity and completeness.  It issues error and warning messages in the case of erroneous data entry, and notifies the user upon a valid bid/nomination submittal.  All relevant tasks performed by the CRR Account Holders, e.g. downloading results, are stored with a date and time stamp on a global log  (accessible only to the ERCOT CRR Operators) to keep a record of the participant activities.

2.2 Market Operator Interface Subsystem

2.2.1 Traceability

· FR1 defines the overall CRR Market.
· FR3 specifies the assignment and change the time of use block associated with each hour of the year.   

· FR8 defines the portion of Network Capacity to be auctioned in Monthly and Annual auctions.  

· FR10 describes actions by a CRR Market Operator to set up an Auction and ensure that notification is posted.  

· FR12 describes actions by a CRR Market Operator to ensure posting of Auction results.  

· FR15 defines how a CRR Auction is set up.  

· FR17 defines characteristics of the CRR Network Model that can be adjusted by a CRR Market Operator.  

· FR18 defines the overall activities performed by a CRR Market Operator.  

· FR15C describes actions by a CRR Market Operator to pull or upload the CRR Network Model. 
· FR21 specifies the CRR auction products. 

· FR22 limits access to the system to authorized CRR Market Operators.  

· FR15B defines constraints and obligations on the CRR Market Operator for timing of Auctions.  

· FR25 defines the auction process.  

· FR26 describes actions by a CRR Market Operator for initiating the optimization and reviewing the results.  

· FR35 describes actions by a CRR Market Operator in managing the PCRR Allocation process.  

· FR39 describes actions by a CRR Market Operator to initiate SFT on PCRR Nominations.  

· FR46 describes actions by a CRR Market Operator to handle Allocation results.  

· FR38 describes actions by CRR Market Operator in managing MCFRI Allocation and initiation of SFT.  

· FR15D implies constraints and obligations on the CRR Market Operator for timing of Allocations.

· FR40 describes the configurable cut-off time for bilateral trading to be recognized for a later business day.
· FR42 allows CRR Market Operator the ability to either activate or deny trade within the CRR System based on Credit checks.
2.2.2 Interactions

The tasks performed by the CRR Market Operators can be broadly divided into two categories: CRR Account Holder related tasks and CRR calculation administration related tasks.

In the first category, the CRR Market Operators can perform tasks such as monitor and approve/reject (based on the input from the CMM group) bilateral transactions, communicate with CRR Account Holders by the means of system messages.  Additionally, as part of the setup of markets, CRR Market Operators will publish bidding and nomination windows, along with all network and market data to CRR Account Holders. 

In the CRR administration category, the CRR Market Operators will perform tasks such as importing data (such as contingency list and network models) to be used in a new auction or allocation; setup those markets, update facility ratings and/or change equipment statuses.  The operator will then run CRR Auctions and Allocations (annual, monthly).  Finally, the operator will be able to approve and post the results, making these results available to CRR Account Holders.  Additionally, the CRR Market Operator will be able to manage CRRs (i.e., view and modify, if necessary).

The Market Operator Interface is divided into two components, a presentation layer and a business layer.  The presentation layer includes rendering content for display in a web browser using HTML and Java Applets.  The business layer controls flow through the presentation layer, ensures validity of user interaction, and integrates with the larger CRR system.  Features include sorting/filtering, drag and drop, editing functions and scrollbars.

2.2.3 Processing

The Market Operator Interface Subsystem includes a complete set of execution control displays to allow the CRR Market Operators to setup and conduct the CRR auctions and allocations.

Additionally, the CRR System will present to the Market Operator the list of bilateral transactions that have been confirmed by both parties for credit approval.  The operator shall conference with the Credit Monitoring and Managing System to perform the following two checks before accepting or rejecting any transaction:

· The buying party does not exceed its CRR Account Holder Credit Limit due to the potential negative cash flow from the ownership of a PTP Obligation.  The transaction will be in a “pending” state until all the checks are performed.

· The selling party does not exceed its CRR Account Holder Credit Limit due to the potential increase in Future Credit Exposure due to the sale of positively valued CRRs.  The transaction will be in a “pending” until all the checks are performed.  

2.2.4 Outputs

The following types of output displays will be available for the Market Operator System:

· Network Model Displays: These show and allow modifications to the relevant line, transformer, phase-shifter and contingency list input and output information (e.g., energization, monitoring and branch ratings).

· Commercial Model Displays:  These show the sources and sinks, flowgates, owner information, CRR allocation nominations and CRR auction bids and offers.

· Calculation Result Displays:  These show the binding constraints, optimization convergence, and worst violations (if any).

· Miscellaneous Displays:  These show error and warning messages, summary reports, calculation parameters and CRR period tables.  This last report lists all the periods used by a market.  This output is especially relevant in the case of annual markets.

2.3 Data Interface Subsystem

2.3.1 Traceability

· FR10 defines posting of the Auction Notice to publicly accessible location.  

· FR12 defines posting auction results in a public location.  

· FR19 defines all data used to conduction allocations and auctions be sent to EDW.  

· FR15C describes the receipt of the CRR Network model from NMMS.  

· FR25 describes receipt of Credit Limits from Credit Monitoring.  

· FR46 describes pricing PCRRs billed to NOIEs after allocation and auction.  

· FR42 describes verification of credit with Credit Monitoring.

2.3.2 Introduction

The Data Interface Subsystem is divided into two functional components: 

· A layer to implement functions that:

· Pull data from other Nodal systems using interfaces provided by the Enterprise Service Bus, and place that data in the CRR’s Database Subsystem input staging tables.  

· Upload selected data objects to the input staging tables for data not provided by other ERCOT’s systems (e.g., list of eligible resources for the PCRR allocation).

· Provide interfaces enabling the Enterprise Service Bus to push data into the CRR input staging tables.

· Provide interfaces enabling the Enterprise Service Bus to pull data from the output staging tables.  

· A data feeder module to validate and import data from the input staging tables into the core database area and to export data from the core database area to the staging output tables.

The architecture of the Data Interface Subsystem supports data integration as well as EJB or Web services integration patterns.

2.3.3 Inputs

The table below list and describes all the data transfers from ERCOT’s source systems to the CRR system:

	Source
	Data
	Description
	Frequency

	Registration System
	List of CRR Account Holders
	This list includes all CRR Account Holders eligible to access the CRR System. 
Note: does the CRR system has its own list of CRR Account Holders, and validates them against the list in the Registration system?  I am not clear on the interaction between the CRR and Registration systems.
	Daily at a configurable time

	Credit Monitoring & Management System
	Available credit limit for CRR Account Holders
	This transfer includes the amount of available credit limit allocated by CRR Account Holders for their CRR auctions. 
	Daily at a configurable time

	Credit Monitoring & Management System
	Approval or Denial of Bilateral Market Transactions
	This transfer shall include a resolution on bilateral market transactions previously submitted to CMM by the CRR System. 
	Daily at a configurable time

	Network Model Management System
	Network Model
	This transfer includes:

· Network model, including dynamic ratings and scheduled outages

· List and description of contingencies

· List and description of Sources and Sinks (i.e., Settlement points)

· Mapping of Settlement point elements and the network model.
	On-Demand (expected to be monthly)

	CRR Market Operator
	Additional Network Data
	This transfer includes:

· Non-thermal constraints

· Flowgate list and definition.
	On-Demand (expected to be monthly)

	CRR Market Operator
	List of eligible resources for PCRR allocations 
	This is a list of all eligible resources for the PCRR allocations for NOIEs.  This data includes the NOIE identification, Source, Sink, Start & End dates, MW amount & Resource type (i.e., baseloading, gas-steam or other).
	On-Demand (expected to be infrequent)


2.3.4 Outputs

The table below list and describes all the data transfers from the CRR System to ERCOT’s destinations:

	Destination
	Data
	Description
	Frequency

	Credit Monitoring & Management System
	Bilateral Market Transactions for Approval or Denial
	This transfer shall include the list of bilateral market transactions from CRR Account Holder for their approval by CMM. 
	Daily at a configurable time  

	Credit Monitoring & Management System
	Inventory of CRRs
	This transfer shall include the list of all non-expired CRRs.  
	Daily at a configurable time

	Settlement System
	Market Transactions
	This transfer shall consist of Auction Results including the auction buy and sell transactions, and the valuation for PCRRs.  
	Every time an auction is posted

	Day Ahead Market, Settlements and Billing
	CRR Ownership 
	This transfer shall include the list of CRR valid for the next effective day.  
	Daily at a configurable time

	Enterprise Data Warehouse
	CRR Market Data 
	The CRR System will expose the list of objects from the CRR Database necessary to reproduce an auction or an allocation.  
	Every time an auction or an allocation is posted (typically once a month, for each allocation and auction)

	Market Information System
	CRR Public Data 
	The CRR System will pass data marked for public distribution to MIS. 
Note: does CRR pass data marked for the Certified Common Area using Download Manager, as stated in 2.1.4?
	Every time an auction or an allocation is configured (typically once a month, for each allocation and auction)


2.3.5 Assumptions

2.3.5.1 General

1. The framework of the data transfer to and from the CRR System has been defined as follows:

· ERCOT will build an integration layer responsible for transformation services, i.e., transfer of data from one system to another.  

· Nexant will be responsible for end-point services or interfaces 

2.3.5.2 Network Model and Related Data

2. The dynamic ratings are calculated outside the CRR system, and will be built into the PSS/E file by NMMS.  During the case building process, a temperature will be provided and the NMMS will select the corresponding rating and put this in the resulting model.

2.4 Database Subsystem

2.4.1 Traceability

· FR1, FR2, FR3, FR4 and FR21 define characteristics of CRRs.  

· FR11 involves storage of Auction Results.  

· FR19 involves data retention requirements.  

· FR15C and FR20 involve characteristics of the CRR Network Model and Elements within that model.  

· FR25 defines characteristics of the Auction.  

· FR9B defines characteristics of Offers and Bids.  

· FR26 defines characteristics of Awards.  

· FR35  defines characteristics of PCRRs.  

· FR38 defines characteristics of MCFRIs.  

· FR40 and FR42 define characteristics of CRR Bilateral transactions.

2.4.2 Introduction

The database contains the following types of tables:

· CRR market tables.

· CRR participant tables

· CRR bilateral market tables

· CRR administration tables

· CRR calculation engine tables

· Input staging tables

· Output staging tables

The CRR System requires only application level access to the database and does not require direct access by CRR Market Operators to the database tables.  Furthermore, access to the database schema and contents is controlled by a username and password known only to ERCOT IT personnel.  Inherent to the database, schemas are the referential integrity constraints imposed on the tables.

2.4.3 Processing

2.4.3.1 Database Backup & Interactions with the Enterprise Data Warehouse (EDW)

The information in the Oracle Database Subsystem can be backed up at any time, without impact to the current users or applications.  The CRR System backup can be initiated automatically as part of the ERCOT IT department's normal backup process & the Enterprise Data Warehouse (EDW) group replication protocol.

2.4.3.2 Data Auditing

The critical data characteristics and ownership can be monitored using the CRR System’s audit trail capabilities.  This functionality can be configured at a data object level.  A database audit trail table will provide logs for all input and output data modifications for allocations and auctions.   The list of critical data will include the following objects:

· PTP CRRs

· FGR CRRs 

· Auction and Allocation lists and their main attributes  

· System Parameters

2.4.3.3 Reasonability of Data

In the CRR Market User Interface, Market Operator Interface, Data Interface and Database Subsystems, critical input data is automatically checked for reasonability.  Data with errors is rejected, together with appropriate warning messages to the user.

2.4.3.4 Data Retention 

In this context, data retention is defined as period of time when data is retained in the transactional database. Whenever a data is older than the CRR retention period, it will be automatically transferred to EDW.  Details of this mechanism should be defined in coordination with Texas Nodal Enterprise Architecture team.  The retention period for CRR data shall be managed by the database and storage team and will be defined therein.

2.5 Calculation Subsystem

2.5.1 Traceability

· FR5 describes interpretation of Options and Obligations in the Auction model.  

· FR6 describes interpretation of FGRs in the SFT.  

· FR15 describes relaxation of constraints to ensure Feasibility.  

· FR16 defines processes and requirements on SFT. 
· FR19 describes the requirements to reproduce CRR auctions and allocations.
· FR20 described the Hub and Zone modeling requirements.
· FR26 describes with Auction optimization and feasibility calculations.  

· FR35 describes the allocation optimization of PCRRs subject to SFT.  

· FR39 defines how feasibility of PTP Allocations is ensured.  

· FR38 defines how feasibility of MCFRI Allocations is ensured.

2.5.2 Introduction

The CRR calculation is formulated and solved as a security (contingency) constrained optimal power flow (OPF) problem.  The internal OPF algorithms of the package have been tested, accepted and implemented for critical online and stand-alone applications by over 150 utilities worldwide since 1984.  The calculation subsystem has also been tested at other major USA ISOs as a part of their Transmission Congestion Contracts/Financial Transmission Rights/Congestion Revenue Rights Systems that have been delivered by Nexant and have been in use several years.

2.5.3 Inputs

The power system network is represented by a linear, lossless DC model.  The network branches are modeled by their series reactance only.  All voltages and transformer in-phase taps are set at their nominal values, and no reactive power is modeled.  Phase angle regulating transformers are modeled, and where they are controlled, their angle limits are enforced.  Credit limits are also input into the Calculation Subsystem.

Some of the relevant features from the calculation subsystem are:

· Each previously awarded/allocated CRR will be held as fixed.  

· CRR Account Holders can submit eligible CRRs for sale in the auction for the total or a partial amount of the CRR owned

· The award of CRRs is constrained by the normal network pre-and post-contingency constraints

· The CRR calculation engine obtains an exact solution to the problem by recognizing the most onerous combination of exercised CRR Options. 

2.5.4 Processing

The CRR calculation objective functions are as follows:

2.5.4.1 Allocation

The objective of the allocation calculation is to minimize the curtailment of a given set of CRRs in order to obtain simultaneous feasibility, within the physical limitations of the transmission system, including post-contingency limits (which do not have to be the same as the pre-contingency ones).  This is done by using a Minimum Control Shift optimization (weighted least-squares deviation from the base CRR point) optimization.  This methodology shall proportionately reduce the requested MWs by their Impact Ratio on violated constraints. The “Impact Ratio” is the fraction a particular MW impact relative to the impact of all MWs in the same direction on a violated constraint.

In mathematical terms the allocation problem is formulated in terms of the minimization of the objective function, subject to thermal and non-thermal constraints.
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2.5.4.2 Auction

The objective of the CRR auction process is to award bids and offer in a manner that maximizes the bid- and offer-based monetary value of the CRRs awarded, within the physical limitations of the transmission system, including post-contingency limits (which do not have to be the same as the pre-contingency ones) and subject to credit limits.  The auction process awards CRRs with equal effective price on a pro rata basis (based on nominated MW amounts).

A CRR auction bidder can submit a PTP Obligation or PTP Option bid for the rights to collect the congestion rent (obligations and options) or to incur charges (obligations only) based on the day-ahead market (or real-time market) price differentials across the network.  The locations of sources and sinks may or may not correspond to actual generating units and consumers in the power system.

In mathematical terms the auction problem is formulated in terms of the maximization of the objective function, subject to thermal and non-thermal constraints, and credit limits.
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2.5.5 Assumptions

· The CRR Calculation subsystem will validate all input data to the calculation engine to ensure that there is no inconsistency in the data set.  However, the main validation of all data inputted into the CRR Calculation subsystem will be made by the sources of input data based on the business rules identified and implemented at the other CRR subsystems, to the extend possible.

· Non-thermal constraints will be defined for one direction only.  A constraint with bi-directional limits will be defined separately by the CRR Market Operator. 

3 System Overview

3.1 System Installation and Operation

Initial installation of ERCOT CRR System involves the creation of application specific directories and installation of libraries on the application and CRR Calculation engine servers and initializing the database.  Software applications such as “pkgadd” are used to automate this process in each environment.  In addition, the application server deployment and configuration graphical user interfaces can be used to ease the installation and configuration of the application.

Database initialization includes definition of the database instance, creation of table spaces, granting access, and executing scripts to load the DDL and reference data. The whole process will be tested thoroughly to eliminate scenarios where installation is a source of vulnerability. 

Two additional items complete the process of installing ERCOT CRR System in a given environment within ERCOT:

· It is envisioned that user roles will be managed in a central security application managed by ERCOT.  The ERCOT CRR System is designed to be integrated into the environment’s security infrastructure (e.g., RSA ClearTrust, LDAP directories) to authenticate the proper user roles.

· A list of URIs/URLs will be provided to ERCOT for the integrating ERCOT CRR System’s market user interface within the MIS market portal.

High system availability is one of the cornerstones of a successful market application.  Once the CRR System has been placed in production, ERCOT will be monitoring the servers to detect failures in the hardware.  The CRR System will comply with ERCOT monitoring standard allowing integration with HP Open View.  This implementation of SNMP will follow the highest security standards.

To keep track of the system and users’ activities, all significant events due to actions by the CRR Market Operator and Market Users are captured in a global log provided by the system.  Errors and warnings are reported to the System Message table that can be reviewed by the CRR Market Operators.  The system also supports database and application level auditing for operator selected database tables.

3.1.1 User Interfaces

ERCOT CRR System has a customized web-based user interface for CRR Account Holders and CRR Market Operators.  These interfaces are developed to comply with the requirements set forth by the customer.  

ERCOT CRR System user interfaces are currently based on HTML with JavaScript pages and Java Applets interacting with the application server using HTTP/HTTPS connections which have been proved to be a very reliable and secure architecture.  CRR Market Operators and participants are expected to use standard web browsers (i.e., Internet Explorer 6.0 or higher?) to access these displays.  These user interfaces are custom displays developed to meet the specific requirements of the customer.  Since ERCOT CRR System’s user interface is a custom implementation for the client, it does not have the provision for ERCOT to modify or create new displays.  Nexant will be responsible for creation and modification of all displays.

ERCOT CRR System is designed to handle multiple roles for the CRR Market Operators and users.  These roles are defined by the application and can be stored in LDAP compliant directories (RSA ClearTrust, Active Directory) that also authenticate operators and users.

3.2 Hardware Architecture

The ERCOT CRR System is portable to any hardware architecture that supports the Java Runtime Environment (JRE), such as UNIX.  The recommended hardware architecture below is provided as an example.  The system is horizontally scalable by using a clustered configuration to achieve any required level of performance and redundancy.  ERCOT is at liberty to select and acquire the most appropriate and cost-effective hardware for this purpose.  Figure 2 shows an example of the CRR System hardware configuration to demonstrate the security, scalability and configurability of the CRR System to be deployed at ERCOT.  The final HW deployment configuration depends on expected load and performance testing.

ERCOT CRR System is designed to be largely platform independent.

With ERCOT CRR System, three main components use most of the computational resources: J2EE Application Server, Calculation Engine and Database server.

J2EE Application Server processes all the operator and user requests.  The use of several simultaneous threads is expected in this component as the user traffic grows.  The use of memory could increase under heavy load, but the memory that a thread uses is released after the thread execution ends.  The application also utilizes memory caches to store commonly accessed data to increase system performance and limit access to the database.

Several Calculation Engines can simultaneously run in a single server with multiple processors or in a multi-server environment with single or multiple processors.  The amount of memory used by each engine instance depends on the power system network model size.  For performance reasons, a fixed memory block for each engine is reserved at the engine startup and released only when the engine is stopped.  Each engine instance uses a one or more threads (depending on configuration) with intensive float point calculations.

The Database server must support the execution of several simultaneous queries that depends on the amount of simultaneous operators and user’s requests.  All the information that ERCOT CRR System processes and generates is stored in the database.  This is the only component that makes intensive use of storage.  ERCOT may choose to designate separate servers dedicated to the database.
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Figure 2:  Hardware Configuration Example

3.3 System Architecture

The CRR System is divided into three distinct areas.  Firewalls can be used to separate these areas:

· The Web Tier that is located in the DMZ and secure zone of the ERCOT LAN environment.

· The Storage Tier that contains the database and private secure information.

· The Application Tier that contains the private business rules.

3.3.1 Web Server – Web Tier

The Web servers are at the forefront of the CRR System and handle user requests.  For HTML pages and images, the Web servers will process the requests.  All dynamic content requests will be forwarded to the application servers.

3.3.2 Application Server – Application Tier

The application servers process dynamic requests from the users.  They interact with the database, submitting bids to it or querying it for results.

3.3.3 CRR Calculation Server – Application Tier

In view of the size of the ERCOT power system network model, the CRR auction calculations demand significant computing power.  Please note that depending on the parameters as the network size, number of contingencies, number and type of bids, the ERCOT may want to further increase the total RAM and CPU power in the future to meet the changing performance requirements.  

3.3.4 CRR Database Server – Storage Tier

This server will house the central CRR Oracle database.  The CRR database can be on the ERCOT shared database server with multi-CPU computation power.

3.4 Software Environment

This section summarizes the software technologies used in ERCOT CRR System CRR:

· Platform independent Java Enterprise technology.

· J2SE (1.4), J2EE (1.4).

· User Interfaces are built using a combination of HTML, DHTML and Java Applets.

· A Model-View-Controller (MVC) design pattern is used as the framework of the CRR application.  The MVC framework separates the application's business logic or state (Model) with the application (Controller), which handles requests and responses between the application and the user interface (View).

· JBoss application server.

· Oracle database (10g).

· IBM AIX P Series.

· TCP/IP network communication protocol.

3.4.1 Software

ERCOT CRR System utilizes a variety of software languages for development, chosen for their suitability for the respective tasks involved.  The web-based Market User Interfaces and Market Operator Interfaces (MOI) utilize JSP/HTML/DHTML/Java applets to build the user interfaces.  The engine is designed to use distributed processing capabilities on a multi-CPU server, which is the ideal solution when very large numbers of CRR options are bid into an auction.  Rounding out the list of languages is PL/SQL.

Development tools in the ERCOT CRR System environment typically consist of ECLIPSE, TOAD, XMLSpy, a good text editor and access to the CVS repository.

For a successful deployment, ERCOT CRR System will utilize the following items at a minimum:

· Any J2EE application server

· An Oracle database that serves as the repository of data.

· 64-bit libraries for the CRR Engine Server.

4 Supplementary Specifications

(This section lists the implementation details of the supplementary specifications.)
Note: it may be helpful to include the Traceability to the 1-29 Supplementary Requirements of the CRR System Requirements Specification, in each of the following subsections where applicable.
4.1 Execution Timing

The CRR auction is expected to be the most computationally extensive calculation in the ERCOT’s CRR system.

The main factors that affect the calculation timings are:

· The number of periods in a multi-period execution.

· The number of contingency cases and monitored elements in each case.

· The number of bids and offers for PTP Options, and the total number of buses participating in these PTP Options.

· The number of binding constraints and which contingency cases they occur in.

· The number of iterations needed to determine the critical set of contingencies.

These factors can vary widely under different conditions, even on the same power system.  The calculations certainly require intensive number crunching, especially for a medium to large network model like ERCOT’s.  Considerable computer power will be required, in the form of a multi-CPU machine, on which parallel processing of the calculation will be performed.

If in the future, ERCOT decides to change its modeling requirements, thus placing a lot more stress on the system performance, the CRR Calculation subsystem can be recalibrated as the critical computational bottlenecks in the calculation processes are identified. 

In general CRR System should be able to perform CRR Auction calculation of the ERCOT’s network and CRR Bid market in less than 80 hours for annual auctions, and less than 40 hours for monthly auctions.  A more detailed analysis of the factors affecting the engine performance and list of mitigation strategies are included in the presentation to TPTF “Performance of the CRR Annual Auction Calculation & Mitigation Strategies.”

4.2 Integration Requirements

Data Exchanges with external systems will be facilitated by CRR Data Interface Subsystem and ERCOT Integration Layer.  The Data Interface Subsystem requirements include the following:

· Fully functional interface subsystem. This may require integration broker agent installed locally
· CRR Input/Output tables
· APIs and/or Web Services with effective back-end processing (e.g., stored procedures)
· CIM Compliance/Data Mapping to CIM for all exchanged data, the CRR system will produce XML files the contents of which will be mapped to CIM.

· Ability to produce valid XML documents

· Ability to manually upload files (XML and/or CSV documents).

4.3 System Security Requirements

The CRR System application level security shall comply with ERCOT Security policies and guidance as described by EA Security Architecture team. It should support single-sign-on (directly or through the portal) to minimize the number of logins, passwords, and access groups. It should support the centralized security management and coordination between interfaces, data sources, and applications.  ERCOT will provide a Portal with LDAP infrastructure that will be used in conjunction with digital certificates to provide authentication. 

CRR System shall support data confidentiality by preventing unauthorized CRR data access. 

ERCOT CRR System is built using J2EE standards.  To authenticate users, J2EE applications use JAAS, which is a set of APIs that enable services to authenticate and enforce access controls upon user.  Most popular J2EE Application Servers include an implementation of the JAAS API using JNDI, which is a specification to access directory services, including directories that implement LDAP protocol, to query for user’s digital certificates, credentials and hierarchies of groups and roles.  In other words, ERCOT CRR System supports any LDAP directory that stores the user credentials (e.g., RSA ClearTrust, Active Directory) and assigns roles to the users.

ERCOT CRR System currently relies on external security services accessed using JAAS.  This external service determines how each account is uniquely identified in the system.  However, if the ERCOT security infrastructure does not provide this, a custom JAAS service can be implemented within ERCOT CRR System to handle user’s authentication and authorization on LDAP directories including the capability to log successful and unsuccessful login attempts.

The development of ERCOT CRR System incorporates rigorous security testing.  Furthermore, coding conventions and guidelines are strictly enforced to make the application immune to injection attacks.  As an example, SQL statements are built using prepared statements.  Buffer overflows are prevented by the pervasive usage of Java in the creation of the ERCOT CRR System user interfaces.  Additionally, modules implemented in other languages are not exposed to external interactions.

4.4 Portability and Scalability

The ERCOT CRR System is portable to any hardware architecture that supports the Java Runtime Environment (JRE), such as UNIX.  The ERCOT CRR System will be deployed at IBM servers as chosen by ERCOT.  The system is horizontally scalable by using a clustered configuration at all levels (i.e., web server, application & database) to achieve any required level of performance and redundancy.  ERCOT will have to select and acquire the most appropriate and cost-effective hardware for this purpose.  

4.5 Usability Requirements 

The presentation layer (front-end) for ERCOT Nodal Market functionality will be a web portal. The usability aspect will be improved and consolidated as part of the Portal project. The CRR System will benefit from Portal functionalities such as Security, Single Sign On, Look & Feel (mock up pages, style sheet) and continuous (ultra-high) availability of the front-end. 

ERCOT CRR System is based on Nexant’s i-HEDGE product whose user interfaces were initially developed following requirement definitions from Nexant’s industry experts.  i-HEDGE user interfaces have since then been refined by responding to customer feedback and requirements from other ISO customers. 

4.6 System Monitoring Requirements

HP Open View will be used for ERCOT enterprise level monitoring. The CRR System is required to provide means for integration with enterprise level monitoring and management solutions for proactive management and support. It is responsibility of the CRR System to surface business or system significant alerts, errors and exceptions in a consistent manner (defined as needing timely human interaction). All surfaced messages shall include a concise description of the problem ideally with error codes and corrective actions (error handling processes). 

More details about ERCOT Open View can be found in ERCOT’s “IT Operations Requirement: Operating Procedures” document.

4.7 Delivery to Operations

The CRR System and subsequent updates shall be delivered to Operations in a specified directory structure in order to facilitate incorporation into the system, according to the release management processes. An installation script or executable wrapper or precise instructions are required for deployment.  The script/executable wrapper or instructions will provide install, uninstall and patching functionality.

4.7.1 Training

In order to prepare all users of CRR System properly a formal training on the use of the CRR Auction System functionality is required.  The preferred training should be in the form of classroom instruction and simulated auctions.

The training will consist of:

· Appropriate training materials and operational procedures that clearly describe all details related to the use of CRR System including the Market Operator Interface, Market User Interface, Bilateral Trades, auction system as well as and other related components.

· The training will include combination of classroom instruction for all CRR Market Operators and trainers (‘train the trainer’ classes) along with training materials. 

· ERCOT will lead CRR training for Market Participants.  Nexant will support and attend all training as necessary and outlined in the Nexant/CRR agreement.  Details (curriculum and schedule) of each training session will be defined in cooperation with nodal training team.

5 APPENDIX – Enterprise Level Use Cases REFERENCE

The Use Cases of the ERCOT CRR System are realized through these functional areas as follows:

	Use Case\System Function
	Market User Interface Subsystem
	Market Operator Subsystem
	Data Interface Subsystem
	Database Subsystem
	Calculation Subsystem

	CRR Auction

	openCrrAuction
	Receive notifications
	Set market schedule
	
	Store market parameters and notifications
	

	useCrrNetworkModel
	
	Upload of network model by operator in lieu of direct transmission
	Receive network model directly from NMMS
	Store model
	

	registerOfferOrBid
	Submit offers or bids
	
	
	Store offers and bids
	

	clearCrrAuction
	Receive notice of awards
	Review and post results
	Transmit auction results to Settlements and Billing 
	Provide information to auction and review
	Optimize revenue of auction

	useCrrAccountHolderCreditLimit
	
	
	Receive credit limits from Credit Monitoring
	Store limits
	Use limits as constraints in auction (clearAuction)

	registerAuctionWideCreditLimit
	Request self-imposed credit limit
	
	
	Store limits
	Use as constraints in auction (clearAuction)

	PCRR Allocation

	openPcrrAllocation
	Receive notifications
	Set allocation schedule
	
	Store parameters and notifications
	

	usePcrrNetworkModel
	
	Upload of Network Model by Operator in lieu of direct transmission
	Receive network model directly from NMMS
	Store model
	

	registerNomination
	Submit nominations
	
	
	Store nominations
	

	clearPcrrAllocation
	Receive notice of allocations
	Review and post results
	
	Provide information to analysis and review
	Optimize allocation

	Bilateral Market

	reportCrrTransaction
	Seller registers transaction, buyer receives notification
	
	
	Store transaction
	

	acknowledgeCrrTransaction
	Buyer acknowledges transaction, seller receives notification
	
	Receive credit verification for both parties from Credit Monitoring
	Store transaction status
	

	expireCrrTransaction
	Buyer and seller receive notification
	
	
	Store transaction status
	

	denyCrrTransaction
	Buyer cancels transaction, seller receives notification
	
	
	Store transaction status
	

	Ownership

	sendOwnershipInformation
	
	
	Transmit daily ownership records to Day Ahead Market
	Provide information
	

	updatePaymentStatus
	
	
	Receive payment data from Financial Transfer
	Stores CRR status
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