  Load Participation in ERCOT’s 
Security Constrained Economic Dispatch
I.  Objective

The purpose of this paper is to explore a high level conceptual design for enabling loads to participate in ERCOT’s real-time energy market by submitting demand response offers to be deployed by the Security Constrained Economic Dispatch (SCED) engine.   The paper also explores protocol and regulatory changes that are potentially necessary to implement load participation in SCED.  The ideas formulated and issues discussed here can serve as stakeholder input to help inform both the anticipated Public Utility Commission of Texas Rulemaking resulting from the passage of Senate Bill 1125 by the Texas Legislature and the internal ERCOT project “Real-Time Market for Co-Optimizing Energy & Ancillary Services Combined with Demand Response.”
This paper is the product of the Loads in SCED Subgroup of the ERCOT Demand Side Working Group.  The subgroup, which is unchartered and non-voting, began meeting as a group of interested stakeholders in late 2010.  
II. Background and Overview
Consumers have had the ability and incentive to change consumption in response to real time energy prices since ERCOT market operations began in 2002.  This response has always been voluntary and outside of ERCOT operations.  As such, hard data on amount of participation are difficult to come by, but response is believed to have been relatively robust (at least amongst more energy-intensive segments) based upon information collected anecdotally and through inference of load changes to price levels.  Demand responding to price (as supply currently does) is important as it is a crucial component of an efficient market design.

From 2002 until December 2010, ERCOT had a Zonal market design.  The result of this design facilitated consumer price response in two ways.  First, prices were published approximately 10 minutes prior to the start of a settlement interval.  Second, this price applied to the full 15 minute settlement interval.  While energy prices could change under certain limited circumstances after it was published, consumers could change consumption based upon price information with a reasonable degree of confidence that these decisions were in line with their specific economic goals.

Under the current Texas Nodal market construct, which was launched in December 2010, consumers wishing to respond to energy prices have found the market significantly more difficult than in the previous Zonal market.  While Load Zone Locational Marginal Prices are now published with each run of SCED, an inherent characteristic of the Nodal market is that the actual prices paid by loads are not calculated and known until after the end of a 15-minute Settlement interval.  The mechanics of this change results in prices that cannot be relied upon as an indicator for final settlement nor are these prices provided with enough advance notice to allow for effective response.  This is because there is a minimum of three and a practical limit of approximately 15 SCED runs per 15-minute settlement interval.  The price results of each SCED run associated with a settlement interval are averaged to determine the final settlement price.  This leads to a reduction of certainty in economic load response as the initial published price that elicits a change in consumption may have minimal impact on the final settlement price.  Further, the first published price will be known only five minutes in advance of the start of the settlement interval, reducing the time available to respond.

This paper outlines a proposed solution to overcome these barriers to price response in the current market design by incorporating demand response into the SCED dispatch engine.  Additionally, load participation in SCED could contribute toward the goals of increasing the amount of competitive demand response in the ERCOT Ancillary Services markets, broadening the participation in the energy markets by customers of all sizes, and increasing the efficiency of the ERCOT energy and ancillary markets.

III. Benefits of Load Participation in the Real-time Market
Load participation in SCED broadens the electric market by enabling consumers to participate as economically-dispatched demand response (DR).
  This has the potential to increase market efficiency through price elasticity of demand, lower overall costs to consumers, and expand the pool of assets available to ERCOT to ensure grid reliability.  
Load participants will each determine whether and how best to offer their DR capability into the market.  Some are likely to submit offers that represent their opportunity cost or value of lost load – that is, energy price offers that may be significantly higher than those reflecting generators’ marginal costs.  This approach is capable of improving ERCOT’s energy-only market design by providing shortage prices when appropriate, based on market offers that reflect the shortage conditions.  
Some load participants can be expected to offer into SCED as a result of being procured to provide an Ancillary Service (AS) in the ERCOT Day-Ahead Market (DAM).    SCED dispatch of Load Resources (LRs) providing AS will be truly economic — reducing the need to rely solely on the alternative deployment methodologies inherent in DR dispatch today, which can perversely suppress prices during shortage conditions.  
Furthermore, load participation in SCED can help to remedy a characteristic of the ERCOT Nodal market that has been identified by loads as an impediment to economic demand response.  In the Zonal market, loads had the ability to respond to price signals because of ex ante price transparency to the end user, as Zonal energy clearing prices were posted at least five minutes prior to the start of the operating interval.  As noted in the white paper entitled “Advance Notice of Wholesale Electricity Prices:  Recommended Solutions:”
 
This market feature will disappear under ERCOT’s new nodal market design, because ERCOT will no longer be providing ex-ante prices.  Instead, only ex-post prices will be provided.  There will be a lag of 30 to 60 seconds following the start of a Security-Constrained Economic Dispatch (SCED) interval before the average zonal price for that 5-minute SCED interval will be known by consumers.  Furthermore, as discussed in Section 5, because loads will continue to be settled on a 15-minute interval based on each load’s weighted average usage over a 15-minute period, any attempted response to the ex-post 5-minute zonal SCED price received by the consumer will not be reflected accurately in the price the consumer is charged for the whole 15-minute settlement interval.
Load Resources could partially mitigate this price latency issue if they were eligible to be dispatched by SCED at their own predetermined strike price.  

Finally, this paper proposes expanding the opportunity for load participation in SCED by allowing aggregations of distribution-level loads to become qualified as a new type of Load Resource.  Expanding the ERCOT energy market to these customers would further increase competition, and help to tap the DR potential of consumers newly empowered from the mass deployment of advanced meters
.  
In short, enabling load participation in SCED creates a platform that significantly improves the economic convergence of supply and demand in the ERCOT electricity market.  

IV.  High Level Conceptual Design
Types of Loads Eligible to Participate

a) Transmission Connected Loads – Transmission connected loads, typically large industrial consumers, can readily be incorporated into the ERCOT Network Operations Model at the transmission bus where they receive service.   These loads can potentially be used both for power balancing and congestion management, the simultaneous primary duties of the SCED engine.
b) Distribution-level signal loads –  Distribution-connected individual loads can be assigned to specific Resource Nodes on the Network Model via consultation between the TDSP and ERCOT.  Once assigned to a Resource Node they will have shift factors calculated that will enable them to be dispatched by SCED for congestion management. 

c) Aggregations of Distribution –level loads –  Participation by aggregated distribution-level Loads is discussed in the section entitled “Aggregated Load Resources.” 

Fundamentals of Load Participation in SCED
Load Resource participation in SCED (LRIS) will incorporate many of the basic concepts and functionality already included in the Nodal market design.  Loads would be eligible, through their QSEs, to submit energy-only offers directly into SCED or to submit those offers in conjunction with an obligation to provide Ancillary Services.  Some examples of how LRs might participate: 

· Energy-only:  An LR determines the price point at which it becomes economically attractive to reduce load and submits, through its QSE, a DR energy offer into ERCOT’s real-time market.  If system conditions require SCED to dispatch at that MW level along the aggregated energy offer curve (EOC) during the LR’s committed hours, SCED sends the QSE a dispatch instruction, which would be the DR equivalent of a generator base point.  The LR is then required to reduce its load by the amount of its offered capacity within a prescribed period of time.

· Nonspin:  A Non-Controllable LR (NCLR) procured for Non-Spinning Reserves in the ERCOT DAM could elect to submit an EOC in conjunction with its AS obligation.  In this case, the EOC reflecting the AS MW obligation would be released to SCED following the Nonspin deployment, joining other energy offers in the stack, for dispatch within a prescribed time.  Alternatively, the LR could elect to be deployed through the current (non-economic) XML messaging mechanism.
· Responsive Reserves:  An NCLR procured for RRS could elect to submit an EOC in conjunction with its AS obligation or could elect to be subject to deployment under current conditions.  In the former case, when RRS was deployed, the EOC reflecting the AS MW obligation would be released to SCED, similar to the description for Nonspin above.  In the latter case, the LR would be subject to a Verbal Dispatch Instruction by the ERCOT operator as is the case today.  This paper does not contemplate any changes to the Under-Frequency Relay (UFR) requirement for NCLR participation in RRS.

In each case, energy offers from LRs would join offers from generators in the aggregated EOC used by SCED and would be subject to economic dispatch — essentially the same as the systems are designed today, with a few modifications to ensure system stability. These modifications are more fully described below.  
Enabling participation in SCED by smaller loads connected at the sub-transmission level adds a number of issues which are examined later in this paper. 

V. Compensation of Demand Response in the Energy Market 
The subgroup discussed various compensation methods and noted that the Federal Energy Regulatory Commission (FERC) recently completed a lengthy docket on the subject.  FERC’s final decision, contained in Order 745, 
 will require the FERC-jurisdictional Independent System Operators (ISOs) and Regional Transmission Organizations (RTOs) to compensate demand response at the full Locational Marginal Price (LMP).  A number of stakeholders in the federal docket, including the members of the ISO-RTO Council, had submitted comments encouraging a different approach that would compensate demand response at LMP minus “G,” where G represents a value equivalent to the generation costs avoided by the customer as a result of the demand response deployment.  The subgroup notes that the compensation issue is most appropriately decided in the regulatory arena, potentially as part of the anticipated PUC rulemaking project resulting from the passage of S. B. 1125.  The following compensation method examples are presented in this paper as possible options and to inform the process.
Option 1:  “Volumetric Flow”

The following diagram and examples depict the relationships among the parties involved in or affected by demand response offers into SCED.  Arrows represent the flow of dollars.  (Note:  DR QSE and LSE QSE could be the same or different entities.)
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A. Energy-Only Offers on a Non-Deployment Day 

1. Load-Serving Entity (LSE) sells and delivers physical energy to a Retail Customer.

a. Price for this energy may be pre-arranged based on a forward contract, or could be tied to Settlement Price Points in the Retail Customer’s Load Zone

2. Demand Response QSE submits energy offers to ERCOT to reduce demand at a specified price at the Resource Node level.

3. Retail Customer pays LSE for energy.

4. No additional transfers related to DR deployment.

B. Energy-Only Deployments
1. LSE sells and delivers physical energy to a Retail Customer.

a. Price for this energy may be pre-arranged based on a forward contract, or could be tied to Settlement Price Points in the Retail Customer’s Load Zone

2. DR QSE submits energy offers to SCED on behalf of the Customer, representing a commitment to reduce demand at a specified price at the Resource Node level.

3. In a SCED run, the DR QSE’s offer is struck.  ERCOT dispatches the DR QSE’s MW offer at the Resource Node.  DR QSE communicates instruction to the retail Customer, who responds by reducing energy usage.

4. This causes energy purchased by the LSE, equivalent to the amount of DR provided, to be effectively “sold back” to ERCOT at the Resource Node Settlement Price Point.  ERCOT compensates the LSE QSE in the form of a Real-Time Energy Imbalance adjustment at Settlement.  
5. For ease of accounting, the measured volumetric MW value of the deployment is added back to the retail customer’s meter reading through a logical meter.  This changes the retail meter by the amount of energy that has been resold to the market.  The customer effectively purchases the power not consumed, based on its contracted rate.
6. Retail Customer continues to purchase energy from its LSE for any power consumed independent of the DR deployment.
7. DR QSE pays Retail Customer a bilaterally contracted price for the DR energy delivered to ERCOT.

 Option 2:  Settlement Concept:  LMP minus LMPz.
In this scenario, ERCOT should pay Load Resources for deployed energy at the Real-Time Settlement Price Point (RTSPP).  This means that whenever SCED determines that a particular LR is required to solve, that LR receives a base point above zero and is therefore eligible to be paid the amount of energy it deployed times the RTSPP.
To ensure loads would not be paid to provide energy which they did not have available to sell, the LR’s response must be added to its Load Serving Entity’s (LSE’s) load zone energy consumption.  For example, assume that SCED dispatches all of an 82 MW offer at $2,700 from a LR that is currently consuming 100 MW.   As a result, the LMP at the resource node was $2,700 and the zonally weighted average price (LMPZ) was $200.   Then assume that the LR deployed the offered 82 MW, leaving 18 MW online.  The settlement results are as follows:

1) The QSE representing the LR’s demand response would be paid 82 times $2,700, or $221,400. 

2) The LSE’s settled load for this resource would be 18 MW (its actual consumption during the deployment) + 82 MW (its demand response added back into its consumption); therefore, the LR’s QSE would be charged 100 MW multiplied by the $200 LMPZ, or $20,000.  (Of course, the QSE could have other positions at other settlement points.  These are ignored for simplicity). 

3) The QSE’s simplified settlement statement for this day would total $201,400.

Generation resources are charged for base point deviations, so base point deviation charges must also be also be assessed on Load Resources. One path to resolving this issue may be to follow existing language relating to Quick Start Generation Resources and exempt the LR from Base Point Deviation Charges for the first five minutes.

Load Resources should be counted as on-line units, and their available capacity should reduce their QSE’s capacity short charges.  Effectively, this means that price responsive loads are exempt from RUC short charges for the amount (MW) they are available to deploy.
The approach described above represents the non-unanimous consensus among stakeholders in the Loads in SCED subgroup.

Option 3:  Alternative Approach:  Full LMP

Many parties believe that loads participating in the energy market should be paid the LMP minus the retail rate (or the generation/supply component of the retail rate.). The alternative payment structure is to pay loads the LMP.  In order to balance supply and demand, generators can increase supply or loads can decrease demand.  At times when generators perform balancing, they are paid LMP so it is equitable that when loads perform balancing they should be paid LMP.  Recently, FERC ordered that ISOs, under its jurisdiction, establish processes to pay loads the LMP when it is cost effective to do so.  Such an approach ensures that ratepayer costs to manage the grid are least cost.  Additionally, LMP creates a level-playing field in an open market rather than one constrained by an administrative restraint on the market.

Paying LMP is also less complex as determining a retail rate or generation component thereof for each load that participates can be very complicated.  Paying LMP would invite participation from loads in all zones rather than only in zones where LMP is high and the retail rate is low.

When loads are paid LMP minus a retail rate, REPs have no risk and are held harmless.  That is good for REPs however that reduces innovation in the market.  If REPs had some risk, they would work with their retail portfolio to lessen that risk and innovation would result. In addition, during the periods when LMPs are high and load participation most likely, REPs would actually make money under a LMP-G approach because they could sell the unused commodity at the generally higher LMP price.

The ERCOT market structure needs to be less dependent on the generator-focused model and paying LMP will incent more loads to participate in the market.  As we saw during the February 2 outage, generators are basically on or off and can be off in a great number whereas aggregated loads provide some balancing in many increments.

Finally, given smart meter deployment, small commercial and residential loads can participate in the market and should be incented to do so.  This would help justify the costs of the smart meter rollout.  These customers who are not on fixed energy/capacity contracts should not be required to pay for power that is not used—residential customers would be incredulous at such a concept.

VI.  Design Details for Consideration

A.  Information needed by the ERCOT ISO
1. Resource Registration
Load Resources will need to be identified in the ERCOT systems differently depending on how they are included in the Network Operations Model.  Current individual LRs will be modeled at the Nodal level just as they are today based on their direct association with a single electrical bus.  Load Resources consisting of aggregations of smaller, distribution-level customers could potentially be modeled as follows:

· At a single electrical bus, subject to having sufficient load assigned to the Resource Node by the TDSP to enable SCED offers of a minimum of 100kW of dispatchable energy.

· At a higher level reflecting a more general location to be designated based on geographical and topological characteristics of the system; such aggregations would be subject to different dispatch criteria than Nodally-modeled LRs.  This type of modeling is known as Load Aggregation Point (“LAP”) modeling based on terminology in use at the California ISO for similar purposes.  Participation by aggregations of distribution-level loads is discussed in detail in the section entitled “Aggregated Load Resources.”
The ERCOT Resource Registration system may need to be modified to accommodate aggregated Load Resources that consist of dynamically changing populations (e.g., individual loads continuously opting in or out of a participating aggregated Load Resource).

2. Real-Time Telemetered Values
Load Resources offered into SCED would be required to submit 2-second telemetry through their QSEs to ERCOT over the Wide Area Network, similar to requirements for current generators and Load Resources providing AS.   The following telemetry values will be necessary for load participation in SCED:

· Net Real Power Consumption

· Minimum Run Time

· Minimum Down Time

· High Sustained Limit (e.g., Maximum Power Consumption)

· Low Sustained Limit (e.g., Low Power Consumption)

· Ramp Rate

· Scheduled Power Consumption

· Offer Price

· Offered energy (MW)
B. Information provided by the ERCOT ISO 
a. High- and Low Ancillary Services Limits.  
Just as it does for current Resources, ERCOT will compute values for each Load Resource’s HASL and LASL based on the data points communicated to ERCOT via telemetry.     
b. Measurement & Verification.  

ERCOT will be required to develop detailed Measurement & Verification (M&V) protocols and procedures for loads participating in SCED.  
At the most basic level, a Load Resource dispatched by SCED will be obligated reduce its load by an amount equivalent to its offer within five minutes of receiving the dispatch signal.  This can be represented as the delta between the Load’s Net Real Power Consumption at the time of dispatch and its Net Real Power Consumption five minutes later, measured using 2-second telemetry data.  

In addition, a secondary level of M&V will be necessary to ensure that the demand response described above represents a true departure from the Load Resource’s “business as usual” energy consumption (i.e., is not merely a normally planned load reduction.)  This will require development of a customer baseline (CBL) for Load Resources whose energy usage falls within an acceptable range of predictability, or an equivalent performance evaluation methodology for Load Resources with less predictable energy usage patterns.  Secondary M&V methods should be consistent with the wholesale demand response M&V standards adopted by the North American Energy Standards Board (NAESB) and filed with the Federal Energy Regulatory Commission (FERC).
C. Day-Ahead Market (DAM) 
No fundamental changes to Day-Ahead Market procurement are contemplated. A new “deployment by SCED” flag would be added to the post-DAM COP update. The QSE would select either SCED deployment or the current deployment mechanism for Non-Spinning Reserve Service and RRS.  If the “deployment by SCED” flag is false the LRs would be deployed using the same mechanisms built into the current design (XML deployment message for Non-Spinning Reserve Service and an XML deployment followed by a VDI for RRS). If the “deployment by SCED” flag is true then the QSE would be required to submit an EOC.  If no EOC is provided to ERCOT for a LR that chooses the deployment by SCED option than the deployment by SCED will be ignored and the current deployment mechanism will be used.   
The ability to to make energy-only offers in the DAM is probably sufficient for most load applications, and further changes to the DAM beyond those covered here are probably not needed to comply with SB1125.

D. Dispatch Procedures 
SCED  
The current SCED process customizes the issuance of base points to generators by using resource parameters, such as ramp rate, LSL, HSL, LDL, HDL, ramp rate, and other attributes.  Corresponding parameters for Load Resources will provide them with the ability to similarly fine-tune their participation in SCED.  For example, if the MW consumed by a process changes with time, either rapidly (such as a steel mill) or slowly (such as a shift-based production process), the QSE representing the Load Resource could telemeter to ERCOT a changing HSL, so that SCED dispatches only the energy available for dispatch at that time.  
This subsection is organized to describe the separate issues related to SCED deployment for energy only vs. deployments in conjunction with RRS or Nonspin procurement.
The existing SCED process uses a two-step methodology that solves both for power balancing and for transmission congestion by applying mitigation to resolve Non-Competitive Constraints. This process evaluates offers and output schedules only from On-Line Generation Resources and dispatches to the total generation requirement determined by Load Frequency Control (LFC), subject to transmission constraints. The first step determines the Reference Locational Marginal Price (LMP) while observing only the limits of Competitive Constraints, the list of which is determined by the Constraints Competitiveness Tests (CCT). The second step then produces the base points, shadow prices, and LMPs using EOCs, which are either provided by QSEs for all on-line Generation Resources or created by ERCOT, while observing the limits of both Competitive and Non-Competitive Constraints. In this step the EOCs are capped by either the Reference LMP as determined in the first step or the appropriate Mitigated Offer Cap and bounded at the lesser of the Reference LMP or the appropriate Mitigated Offer Floor.
In order to incorporate Load Resource participation into this existing process, the following would need to be considered:
· SCED step one would be modified to include evaluation of Load Resource EOCs submitted by QSEs.   
· Step two would then use EOCs from both Generation and Nodally-modeled Load Resources subject to security constraints (including both Competitive and Non-Competitive Constraints) and other Resource constraints. This step will be used to produce Base Points, Shadow prices, and LMPs for both Generation and Load Resources while applying the prevailing Offer Cap and offer floor mitigation rules.  EOCs from LAP-modeled LRs in the aggregated EOC could be subject to different deployment criteria depending on whether their location on the system would assist with congestion management.
· A new input to SCED will be developed in the form of an Actual Load Reduction Offset (ALRO) specific to energy dispatch from an LR.  The ALRO, which would be triggered any time an LR was dispatched by SCED, would feed a value equal to the energy (DR) deployed by a Load Resource back into SCED’s ongoing algorithm calculating generation to be dispatched.  This would also allow an LR dispatched by SCED for a 5-minute run to stay off-line — that is, not be instructed by SCED to return to its previous load status — if it is not needed in the subsequent SCED run.  This step will prevent SCED from issuing dispatch instructions that result in volatile load oscillations.  (See section below on SCED deployment of LRs providing Reserve Services for additional details on proposed SCED offsets.)
Block Offers and Deployments
SCED will require modification to allow “block deployments” by NCLRs.  These resources’ EOCs can be expected to be blocky, reflecting the tendency of DR to interrupt rather than ramp.  
Additional details to issues pertaining to block offers and deployments that can be found in the Appendix D to this document.
SCED DEPLOYMENT OF LRs PROVIDING RESPONSIVE OR NONSPIN RESERVE SERVICE:  
Load Resources that are required to arm their under-frequency relay as a requirement to providing Responsive Reserve Service (RRS) provide a valuable reliability tool for ERCOT during frequency events.  Since it is recommended this requirement not change, there are two options for consideration for dispatching Load Resources providing RRS under for this project. 

1. Continue to dispatch these resources using the same procedures in place today.  If the LR is carrying an Ancillary Service Resource Responsibility and its QSE has not submitted an EOC, the ERCOT Market Management System (MMS) will not create an EOC as it would for a generator; instead, ERCOT Operations will deploy the LR consistent with existing (non-economic) deployment mechanisms.  In the case of RRS, LRs would subject to Verbal Dispatch Instruction by ERCOT Operations based on criteria defined in the Protocols or in Operating Desk Procedures.  In the case of Nonspin, LRs would be dispatched along with generation units via XML messaging.  Economic deployment by SCED would avoid the unintended effect of DR suppressing prices during shortage conditions.  Especially in the case of Nonspin, LRs and their QSEs can likely be expected to prefer the SCED option as a way of reducing the number of deployments over time.
2. If the LR is carrying an AS Resource Responsibility and its QSE has submitted an EOC, SCED would dispatch the Load Resource economically based on its EOC as an alternative to the current UFR trip, XML message and/or VDI.  
Historically, RRS is a 10-minute service and Nonspin is a 30-minute service.  If an LR carrying an AS responsibility were to be dispatched by SCED with no modifications, these Reserves services would effectively become 5-minute services as they apply to LRs.  The subgroup developed the following options for reconciling SCED dispatch requirements of five minutes or less with the longer (10- or 30-minute) DR ramp periods associated with these Reserve services:  

1. Create an Expected Load Reduction Offset (ELRO) as an input to SCED.  The offset would be activated any time an LR carrying both an AS obligation and an EOC was dispatched by SCED; the duration of the offset would be specific to the service (RRS or Nonspin). When RRS or Nonspin is deployed, EOCs from committed LRs would be released to SCED immediately, and the ELRO activated.   SCED would dispatch the LR on the usual SCED schedule of five minutes or less; the ELRO would allow the LR to deploy according to the 10- or 30-minute ramp requirement without incurring Base Point Deviation charges.  The LR would be assured of receiving the LMP reflecting its EOC for at least the first SCED interval following the end of the ramp period, and could be also paid at that LMP for any energy delivered during the ramp period.   After dispatch, the ELRO would also perform similar to the Actual Load Reduction Offset describe above in the section on Energy-only dispatch:  the energy (DR) deployed by an LR would be fed back into SCED’s ongoing algorithm calculating generation to be dispatched (as if the load were still on-line).  Also similarly, the offset would permit an LR dispatched by SCED to stay off-line (that is, not return to “Load” status) for a pre-determined amount of time even if the load reduction is not needed in subsequent SCED runs.   
2. When the AS is deployed, EOCs from committed LRs are released to SCED immediately.  If an LR is selected based on its EOC, the LR is paid at prevailing LMPs for any energy delivered during the ramp period; following the end of the ramp period, the LR is then paid at its offered LMP until it is no longer dispatched by SCED.
3. The AS deployment triggers a Look-Ahead SCED run in addition to the real-time SCED run.   SCED then “pre-deploys” those committed LRs needed to solve, and LMPs for those Resources are binding after the ramp period.  
4. The LR’s EOC is released to SCED after a period of time equal to full ramp period minus X minutes.  For example, for Nonspin, if EOCs were released 20 minutes after Nonspin deployment, it would equate to the Nodal requirement for generators to meet their LSL 20 minutes after Nonspin dispatch.  In this case, the LR’s EOC would potentially be struck as part of the ensuing SCED run (within five minutes of the release of the EOCs), and the LR, if dispatched, would have five minutes to reach its assigned base point.  This would roughly preserve the current 30-minute Nonspin requirement.
5. Allow the full ramp period to deploy, but if problem solved thru normal SCED runs prior to expiration of ramp period, release the non-deployed LRs from their deployment obligation.    Early deployments would be paid at prevailing LMP.

When RRS is deployed by ERCOT the QSE would have 1 minute to update the A/S schedule. Once the schedule change is made the EOC for these resources will be available to SCED for dispatch. If these resources are deployed through relay action the Resource’s EOC will be withdrawn from SCED.  

Since Controllable Load Resources providing RRS do not have the under-frequency relay requirement upon deployment of RRS the QSE will, within 1 minute of the RRS deployment instruction, update their A/S schedule. 
For Load Resources providing Non-Spin, the QSE would be required to update the Load Resource’s A/S schedule within 20 minutes following the Non-Spinning Reserve deployment instruction.
E. Supplemental Ancillary Services Market (SASM) 
Load Resources participate in the SASM today and their participation in SCED should not change this.  
F. Reliability Unit Commitment (RUC)  
It will not be necessary to subject Load Resources to RUC during periods when they choose not to participate in the Day-Ahead Market.   A change to the Day-Ahead or Hour-Ahead RUC to allow it to view Load Resources via the QSEs’ COPs, indicating that they are in an online status, may be useful and advisable.
Load Resources have operating characteristics as Resources that make them unsuitable as solutions to resolve Weekly, Day-Ahead or Hourly unit commitment issues. Since Load Resources are not currently recommended by the RUC programming as a possible solution, no system impacts are anticipated.
G. Competitive Constraint Test (CCT)
The purpose of the CCT is to determine if market power exist in resolving congestion on defined elements on the system.  When market power is determined to exist, the EOCs for the Resource in question are capped using special rules defined in the protocols. If a Load Resource is also managed by the same entity that is managing Generation Resources and Load Resources can now be used by SCED to resolve congestion, then they should also be subjected to the same market power test. 
The Annual and Monthly CCT would need to be modified to include capacity available from Load Resources that are modeled at the Nodal level in the Network Operations Model. Assume all such LRs that are qualified to participate in SCED are available for inclusion into both the Annual and Monthly CCT. 
The Daily CCT will need to be modified to use LR COP status to determine if modeled LRs are expected to participate in the DAM.
H. Congestion Revenue Rights (CRR)  
The subgroup believes that Load Resource participation in SCED should have no impact on CRRs unless the PUC, via a substantive Rule change, requires LRs to be settled at the Resource Node LMP.   Such a decision could result in the creation of additional Resource Nodes in the Network Model and thus require CRRs to be sold across those additional Nodes.
I.  Network Modeling
In the current market, Load Resource participation in ERCOT Ancillary Services is limited to individual loads which are capable of being modeled in the ERCOT system as part of the Network Operations Model.  These Load Resources are associated with a single transmission element (Resource Node) on the grid, and are therefore potentially capable of being dispatched by SCED for both of SCED’s primary purposes:  power balancing and congestion management.   Modeling an individual load is an exact process if the load is connected at the transmission level; the location within the Network Model for a distribution-connected Load Resource is subject to a tolerable level of uncertainty depending on local conditions at a given time.  In the current system, distribution-connected Load Resources are assigned to a transmission element by their TDSP, in consultation with ERCOT as necessary.

Opening SCED to participation by aggregations of small distribution-connected loads (e.g., retail chains, residential air conditioners, electric vehicles) will require development of alternative Network Modeling provisions.  This is discussed in more detail in the following section.     

J.   Energy Management System (EMS)
Some modifications to Load Frequency Control (LFC) may be required to accommodate non-modeled DR aggregations without shift factors.
State Estimator inputs to SCED may need to be modified to show the load from a deployed LR as still being online.  This would have the desired effect of causing SCED to continue deploying the LR needed to balance power or resolve a constraint until less expensive resources become available — thus avoiding sending base point signals to a Load Resource that would require continuous oscillating load reduction and restoration actions.
VII. Aggregated Load Resources 

Enabling aggregations of distribution-connected loads to become Load Resources offers the prospect of enabling broader customer participation in electricity supply and demand, and significantly increases the potential pool of participants in ERCOT’s real-time energy and day-ahead Ancillary Services markets.  At the same time, in addition to the Network Modeling Issues discussed above, this prospect poses a set of challenges that will need to be addressed through a PUC rulemaking and/or the ERCOT stakeholder process:

1. Develop acceptable real-time telemetry standards for distribution-level aggregated Load Resources, potentially based on their desired Ancillary Service qualification levels.
2. Develop an acceptable settlement solution for aggregated Load Resources that span multiple Settlement Price Points (SPPs).  This would require SCED to perform an additional set of calculations for congestion management and would potentially require the ERCOT settlement systems to develop a new category of SPPs.  
3. Determine an acceptable minimum deployment time for a Load Resource, combined with a settlement solution that will attract participation by loads under the prevailing System Wide Offer Cap.
There are several ways that this could be accomplished.  The simplest from an operations point of view (but most difficult from a customer’s) is to require that all customers in an aggregation be located at the same electric bus.  In such cases, the TDSP, in consultation with ERCOT, could establish a Resource Node by assigning an aggregation with at least 100 kilowatts of available DR (the minimum offer in the ERCOT energy and Ancillary Services markets) to a single element on the transmission system.  This would mean that a load reduction from the aggregation would be able to solve congestion and power balance needs without difficulty, as all the loads in the aggregation would have the same shift factor impact on other constraints.    
Loads could also be allowed to be aggregated across the entire region, but not allowed to solve congestion.  They would still be able to contribute to the power balance constraint.  However, if this price of energy in one part of the state exceeded the load’s strike price due to congestion, the load wouldn’t be dispatched and this could lead to uncertainty for loads with elastic demand.

A middle ground would be to borrow the California ISO approach of Load Aggregation Points (LAPs, or “Sub-LAPS).”  Essentially, this creates a small zone based on transmission constraints.  Inside the zone, transmission constraints are unlikely to be binding, while constraints on the borders are more likely to be binding.  In theory, all the loads in the zone could be assumed to have the same average shift factors on the border constraints or constraints outside the zone.  Adopting this model would likely require the creation of a new category of Settlement Price Point.  Identification of the LAPs potentially could be accomplished by mimicking the criteria used by the CAISO in the development of its Reliability Demand Response Product.  CAISO’s LAPs are characterized by having low to no congestion among the Nodes within the LAP, but represent areas that historically have seen congestion between the LAPs.

VIII.  Performance Monitoring/Compliance
Load participation in SCED will require new energy deployment compliance criteria to be written into Section 8 of the Nodal Protocols.  As discussed in the section related to Measurement & Verification, a Load Resource’s performance in response to a SCED dispatch instruction will initially be calculated using telemetry data to confirm a Load reduction equivalent to the LR’s offer within five minutes of receiving the dispatch signal.  However, a secondary level of M&V will be necessary to ensure that this demand response represents a true departure from the Load Resource’s “business as usual” energy consumption (i.e., is not merely a normally planned load reduction.)  

IX. Potential Regulatory Changes Required
On May 28, 2011, the Governor of Texas signed into law Senate Bill 1125, which was passed by the Texas Legislature in its regular 2011 session.  The bill expands the energy efficiency requirements for the states’ TDSPs but also, crucially, requires the following:

(b)  The commission shall provide oversight and adopt rules and procedures to ensure that the utilities can achieve the goal of this section, including:

(7)  ensuring that an independent organization certified under Section 39.151 allows load participation in all energy markets for residential, commercial, and industrial customer classes, either directly or through aggregators of retail customers, to the extent that load participation by each of those customer classes complies with reasonable requirements adopted by the organization relating to the reliability and adequacy of the regional electric network and in a manner that will increase market efficiency, competition, and customer benefits.

The anticipated rulemaking may address a number of issues, including  how Load Resource participation in SCED will be treated in financial settlement.   This will require a review and interpretation of certain provisions of current PUCT Substantive Rule §25.501, “Wholesale Market Design for the Electric Reliability Council of Texas.”  Depending on the interpretation, the rulemaking could result in crticial incentives for load participation in SCED.

The question is whether a Load Resource (an ERCOT term) is a “load” or a “resource,” both of which are referenced in §25.501.  The rule requires ERCOT to settle each “resource imbalance” at the LMP and each “load imbalance” at its zonally-weighted average price (“LMPZ”).  

(e)
Congestion pricing.

(1)
ERCOT shall directly assign all congestion rents to those resources that caused the congestion.

(2)
ERCOT shall be considered to have complied with paragraph (1) of this subsection if it complies with this paragraph.  ERCOT shall settle each resource imbalance at its nodal locational marginal price (LMP) calculated pursuant to subsection (f) of this section; each load imbalance at its zonal price calculated pursuant to subsection (h) of this section; and congestion rents on each scheduled transaction for a resource and load pair at the difference between the nodal LMP at the resource injection location calculated pursuant to subsection (f) of this section and the zonal price at the load withdrawal location calculated pursuant to subsection (h) of this section.

(f)
Nodal energy prices for resources.  ERCOT shall use nodal energy prices for resources.  Nodal energy prices for resources shall be the locational marginal prices, consistent with subsection (e) of this section, resulting from security-constrained, economic dispatch.

(g)
Energy trading hubs.  ERCOT shall provide information for energy trading hubs by aggregating nodes and calculating an average price for each aggregation, for each financial settlement interval.

(h)
Zonal energy prices for loads.  ERCOT shall use zonal energy prices for loads that consist of an aggregation of either the individual load node energy prices within each zone or the individual resource node energy prices within each zone.  Individual load node or resource node energy prices shall be the locational marginal prices, consistent with subsection (e) of this section, resulting from security-constrained, economic dispatch.  ERCOT shall maintain stable zones and shall notify market participants in advance of zonal boundary changes in order that the market participants will have an appropriate amount of time to adjust to the changes.

If Load Resources can be classified as “resources,” similar to generation resources, then it follows that they could “offer” to provide DR while simultaneously “bidding” to buy the power necessary to operate.  A Load Resource’s DR offer would be settled at the LMP just as generation, while its bids to buy power would be settled at the LMPZ pursuant to the current Rule.  Because individual LMPs are more volatile than diluted LMPZs, this would create stronger incentives for Load Resources to locate at high-priced nodes or for existing loads situated near high-priced nodes to become Load Resources.  

X. Executive Summary

Load participation in ERCOT’s Security Constrained Economic Dispatch (SCED) promises to level the playing field for supply and demand in the ERCOT energy market.  It would empower energy consumers to receive fair compensation for providing demand response and would allow the energy-only ERCOT market to predictably clear at prices that equate to the value of lost load – and thus truly reflect scarcity or shortage conditions.  Dispatch by the ERCOT real-time energy management system would also allow DR-capable loads to respond to prices more effectively than they are capable of doing today, due to an inherent characteristic of the Texas Nodal market design that calculates and posts prices for loads after the fact.
Attracting robust levels of Load Resource participation in SCED may require regulatory action affirming a load’s right to submit offers and be compensated based on its Locational Marginal Price (LMP), as differentiated from the weighted average of LMPs across a Load Zone at which loads are settled for their energy usage.  The ERCOT stakeholder work group that authored this paper achieved non-unanimous consensus that settlement payments for DR deployed in SCED should reflect “LMP minus X,” where X represents the avoided cost of the energy originally procured by the load.  This would ensure that loads dispatched by SCED would not be “doubly” compensated -- receiving payment for full LMP while also avoiding the cost of energy they would otherwise consume.  Others in the subgroup argued for full LMP compensation, a position that mirrors FERC’s recent decision on demand response compensation.  
The subgroup recommends that load Participation in SCED to be open to loads of all sizes, consistent with the language of Senate Bill 1125 which was signed into law by the Governor.  Modifying requirements for Load Resource qualification to accommodate aggregations of residential and small commercial customers would potentially open a much larger pool of demand response assets to participation in the ERCOT energy and ancillary services markets.  Enabling small customer aggregations to participate in SCED will require changes to several ERCOT core systems, notably including Network Modeling and Settlements.  Telemetry requirements will need to be examined and modified, and ERCOT will need to develop a secondary performance evaluation methodology to ensure load reductions dispatched by SCED reflect a true deviation from the load’s normal usage patterns.
Enabling load participation in SCED will require significant changes to the ERCOT Nodal market systems.  The magnitude of those changes and associated costs are unknown at this time.  A cost-benefit analysis for load Participation in SCED should carefully evaluate any such costs, but should also ensure that the long-term benefits of load participation in SCED — enhanced price elasticity of demand, scarcity pricing reflective of the value of lost load, and broader participation in demand response — are equally considered and weighed.
� Defined as “a temporary change in electricity usage by a Demand Resource in response to market or reliability conditions:”  North American Energy Standards Board Phase 2 Measurement & Verification Standards, as approved by the NAESB Demand Side Management/Energy Efficiency Subcommittee, Dec. 1, 2010.  For purposes of this paper, “Demand Resource” can be considered equivalent to the ERCOT term “Load Resource.”


� Dr. Jay Zarnikau, Frontier Associates, and Dr. Parviz Adib, Economead Energy Consulting, presented to the ERCOT Demand Side Working Group, Nov. 5, 2010.


� The Federal Energy Regulatory Commission ranks Texas first among states for untapped DR potential, with over 18GW available based on peak usage.  FERC 2009 National Assessment of Demand Response.


� http://www.ferc.gov/industries/electric/indus-act/demand-response.asp
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