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Abstract
Real time market is located at the center of the electricity market platform, which also includes forward energy market, transmission services market, ancillary services markets and real time system control. On the one hand, the incremental improvements on the real time market need to respect the existing features of other related markets; on the other hand, the improvements on the real time market can bring additional benefits for the improvement of the overall wholesale market.

Two fundamental features of the ERCOT market are the portfolio market structure and zonal congestion management model. When Commercially Significant Constraint (CSC) is the only transmission congestion that needs to be managed within the ERCOT region, only portfolio balancing energy instructions will be issued, the Qualified Scheduling Entities (QSE) need to meet their portfolio obligations and no resource specific deployment instruction is required to follow. While this portfolio market structure and zonal congestion management model have provided operational flexibility and market liquidity to the ERCOT market, the performance of operational congestion management, which needs more market design granularity, can still be significantly improved.

This working paper provides a framework for the ERCOT real time market improvement that can be developed within the current market architecture and the fundamental structure of most other existing related systems
 will not be impacted. It introduces the fundamental design concepts and elements for the proposed approach, Simultaneous real-time Market Clearing (SMC). Examples are provided to illustrate the concepts of the proposed framework and the overall SMC market architecture is presented. The issues that can be resolved by this approach are addressed and the potential capability of SMC is briefly discussed.

I Overview
The ERCOT real time market is cleared using a two-step process. The first step resolves inter-zonal congestion and system energy imbalance. In this step, the portfolio market information, such as zonal base power schedule, zonal portfolio bids, zonal shift factor, zonal short term load forecast and zonal transmission congestion information are used in real time market clearing. The results of this step are the initial portfolio balancing energy deployment instructions, zonal market clearing price for energy (MCPE) and the inter-zonal transmission price, i.e. shadow price for the predefined zonal constraints. MCPE from this step is used for settling Resource Imbalance, Load Imbalance, Uninstructed Resource Charge calculation; transmission price for CSC constraints is used for zonal congestion cost direct assignment and transmission congestion rights (TCR) settlement.

The second step resolves operational transmission congestion. After the CSC congestion has been resolved and system energy balance has been achieved, more accurate resource specific information, such as estimated resource specific output level, resource specific premiums, resource specific shift factors and operational congestion information are used to determine the most economical solution of resolving operational congestion. After the completion of this step, resource specific deployments are issued and the final portfolio balancing deployment instructions are generated. The final balancing energy deployment instruction includes two components, the first component is the initial portfolio balancing deployment amount from step one and the second component is the instructed deviation amount from the resource specific movement in step two.
Even though the balancing energy market has been stable for one and a half years and the above design concept sounds reasonably well founded, some existing areas regarding operational congestion management and resource specific deployment can still be significantly improved
:

1. Resource specific deployment instruction is used for system energy balance purpose,

2. Consistency issue between resource specific deployment and settlement,

3. Consistency issue on the deployment instructions for the resources behind the same settlement meter, 

4. Economic dispatch during the local congestion management process,

5. Imperfection of the portfolio schedule and awards allocation algorithm,

6. Resource specific ramp rate is not honored.
7. Bid price needs to be mitigated before local congestion management process
In order to improve the performance of the real time market, there have been efforts to improve the above areas one by one. However, this approach has been proved difficult due to the close interrelationship of these areas. To provide a consistent and transparent solution for these topics, several proposals have been proposed, Simultaneous real-time Market Clearing (SMC) and Parallel Decoupled Solution (PDS) are currently under further evaluation and discussion.

II SMC: Simultaneous real-time Market Clearing
1. Background
Several proposals for market improvement have been proposed and evaluated and four of the proposals are:

a. Simultaneous Market Clearing (SMC):  SMC will resolve all the zonal congestion, local congestion and system energy imbalance in one step, so it is also called 1 step process.

b. Parallel Decoupled Solution (PDS): PDS will first resolve the local congestion and the resource specific deployment will be fed into the real time market. In PDS, real time market will be only used for system energy imbalance and zonal congestion resolution.

c. Portfolio OOME: This approach will still maintain the current two step process and the portfolio OOME service will be defined to resolve the category 4 issue.

d. Sequential Full Solution (SFS): SFS will add one more step to clear the zonal congestion and system energy imbalance, so it is also called 3 step process.

Among the above four proposals, SMC and PDS are under further evaluation and development.

2. SMC Framework

The Simultaneous real-time Market Clearing (SMC) engine is a mitigated bid based
, security constrained economic dispatch approach. It is designed to resolve the identified market improvement areas and provide a transparent platform for future market evolution. In contrast to the current two-step balancing energy market clearing process, SMC will simultaneously resolve system energy balance, local congestion and zonal congestion in one step. SMC can maintain the current portfolio deployment structure and zonal model, furthermore, SMC can provide more granulated price signal for proper siting of the generation.

Like the Central Processing Unit (CPU) of a computer, SMC provides a fundamental framework and architecture. SMC includes the following design elements. The stakeholders’ process will determine the SMC configuration and the preferred SMC configuration is also recommended.

3. SMC Configuration

3.1. Market HUB
In SMC, one Virtual Market HUB will be used in each zone. Two major purposes for the usage of the Zonal Virtual Market HUB are:

1.) Absorb existing Portfolio Market Products, such as the portfolio Capacity Auction 
Products and Balancing Up Load (BUL) products that can not be effectively allocated to each physical resource; 
      2.)  Set the Zonal MCPE using the marginal clearing prices from the HUB.
Portfolio products will be considered at the zonal HUB and the zonal average shift factor will be used for resolving zonal congestion. The portfolio products located at the HUB will not be used for local congestion resolution and the amount of Portfolio Products being located on the zonal Market HUB can be used as an indicator for the accuracy of the operational congestion management solution.
3.2.
Scheduling

QSE submitted resource specific schedule is recommended even though SMC has the capability to support ERCOT calculated resource specific schedules for real time market simultaneous clearing. The existing portfolio energy schedule structure can still be supported by aggregating the resource specific schedules to the portfolio level.
3.3.
Bidding

Resource specific bid curve is recommended even though resource specific bids can be supported. Each resource can submit up and down resource specific bid for the available capacity after considering the capability of energy schedule and ancillary service schedule, i.e. regulation up service, regulation down service, responsive reserve service and non-spin reserve service. Resource specific bid curve will be used for resolving operational congestion, zonal congestion and maintaining system energy balance. 
For portfolio products
, like Balancing Up Load (BUL) and Capacity Auction Products, portfolio bids can still be accommodated.

3.4.
Congestion Management

During the congestion management process, all the transmission constraints
, including zonal congestion, local congestion and Commercially Significant Congestions, will be resolved simultaneously. Considering the existence of the zonal market model, all the resources located within the same congestion zone can be considered to have the same zonal shift factors
 for the pre-defined CSC congestions. When local congestion does not exist, all the bids within the same zone, such as Resource Specific Bids and Capacity Auction Products, will be cleared according to the merit order. When there is local congestion, some specific resources
 will be deployed to manage the local constraints. The prices from these resources having resource specific deployment instructions should not set the zonal market clearing prices; however, the instructed deviations from these resource specific instructions will be compensated by the zonal portfolio deployment instructions.

3.5.
Dispatch

Zonal portfolio deployment instructions will still be issued and the zonal deployment instructions are the amount of generation one QSE needs to increase or decrease within this congestion zone based on its portfolio energy schedule. These zonal deployment instructions will be used for calculating the QSE’s Scheduled Control Error (SCE) and Uninstructed Resource Charge (URC) and the deployed energy will be settled by the zonal MCPE.

When there is local congestion, the Resource Specific Instructions will be issued. These instructions identify the operational level for the resources. Along with the specified operational level, there will be an associated category for this instruction. The specified operational level and category will specify the operational range for the designated resource.

3.6.
Pricing

Zonal MCPE will be defined as the market clearing prices from the zonal Virtual Market HUB and those resources used to resolving the local congestion will not set the zonal MCPE. The transmission price will be the marginal cost, after price mitigation, used for resolving the last MW of the transmission overloading. Resource Marginal Prices (RMP) and the shadow price for the binding local congestion can also be provided by SMC.
3.7.
Market Power Mitigation

Market power mitigation before market clearing is recommended. When there is no local market power, resources used for resolving local congestion will be paid by the resource specific price
. However, when there is local market power, the resource will be paid by the Generic Resource Specific Proxy Prices or the Resource Marginal Prices. The existence of locational market power will be determined before the real-time market clearing. When there is locational market power, the bid prices that can be used to relieve the congestion will be replaced by the Generic Resource Specific Proxy Prices for the corresponding resource and the prices after mitigation will be used for Simultaneous real time Market Clearing.
The resource specific bids will be capped by the energy bid cap as set in the Protocols. For the remaining available capacity beyond energy schedule and ancillary service schedule, resources can submit bids. ISO can use the available capacity with no bid from those resources and the default bid price for that capacity without bids will be set by the Generic Resource Specific Proxy Prices.
4.
SMC Formulation

4.1.
 SMC Formulation

The fundamental SMC can be for formulated as:

Minimize:
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Resource awards limit



System Regulation Up Requirement

System Regulation Down Requirement
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The objective function for SMC is to minimize the system wide re-dispatch cost to resolve system energy imbalance, zonal and local transmission congestion while the resource operational limits need to be respected.

4.2.
SMC Basic Inputs

The basic inputs for SMC will include:

QSE Submitted or ERCOT calculated resource specific schedules,

Resource specific up and down bids price and corresponding bid MW,

Resource output level at the time of market clearing,

Resource maximum capability, minimum capability,

Resource specific ramping capability,

Zonal Portfolio bids from the Capacity Auction products,

Short Term Load Forecast,

Resource specific shift factor and zonal shift factor,

Local and zonal transmission line limit considering the thermal and stability impact,

Capacity Auction products portfolio awards from previous interval,

Capacity Auction products ramp rate capability,

System wide regulation up, regulation down, responsive and non-spin schedules

4.3.
SMC Results

The fundamental results from SMC are:

Shadow price of the system wide power balance constraint,

Shadow price of the zonal transmission congestion,

Shadow price for the local transmission congestion,

Resource specific up and down awards,

Zonal portfolio up and down awards and 

Market Clearing Prices for Energy

Resource Marginal Prices

V SMC Architecture
1.
Wholesale Market Structure
The ERCOT wholesale market includes Bilateral Energy and Ancillary Services Market, Day Ahead Ancillary Service Market, Replacement Reserve Market, Transmission Rights Market and Real Time Balancing Market. The Day Ahead Energy Market is currently under the design phase.
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Figure 1: ERCOT Wholesale Market Architecture with SMC

As shown in Figure 1, by the SMC proposal, there is no change in Replacement Reserve Market, Ancillary Services Market, Transmission Rights Market and Real Time Frequency Control and Transmission System Oversight function. However, the Real Time Market and Hour Ahead study will be greatly improved by the SMC approach. At the same time, SMC is designed to minimize the impact on other systems.

2.
Real Time Market Structure
Real time market is designed to resolve the transmission congestion and minimize the use of regulation reserve service. As a result of the clearing process, it will generate resource specific deployment instructions and price signals for each congestion zone and congested transmission interface.
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Figure 2: Real Time Market Architecture with SMC

Figure 2 describes the real time market structure with the implementation of SMC. Compared with current system, resource specific schedules will be used, local constraints shadow prices will be calculated and Resource Specific Marginal Prices can be generated.
In addition to the real time market clearing, there is another corresponding process and this process is called Hour Ahead analysis
. This process is currently used to help the market operators to take manual action as needed for the balancing energy market of the target service interval.
Since the major objective of the real time market is to minimize the use of regulation service for the target service interval, it will be desirable to clear the real time market as close to real time, when power actually flows, as possible
.

3.
SMC Engine Architecture

SMC engine will pre-process market information, mitigate locational market power, simultaneously clear the real time market and directly assign the local congestion cost. The deployment instructions and price signals will be sent to the market through API.
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Figure 3: SMC Architecture

As shown in Figure 3, SMC will include the following three major components.

3.1.
SMC Pre-Processor (SMCP)

SMCP will be used to validate the input market data before the real time market clearing, make necessary pre-processing and report the abnormality discovered during the validation process. SMCP will act as a filter to ensure that the market information inputs to other SMC parts are valid and consistent.

3.2.
Locational Market Power Mitigator (LMPM)

LMPM will be used to detect the existence of locational market power. Whenever locational market power is detected, the resource specific bid price for the specific resource in the corresponding direction will be replaced by the resource specific generic proxy price and this proxy price will be used by SMCE during market clearing.
3.3
Simultaneous Market Clearing Engine (SMCE)

SMCE will manage transmission congestion and system energy imbalance. It will generate zonal deployment instructions, local deployment instructions and shadow prices for CSC and operational constraints. At the same time, it will calculate zonal MCPE, transmission constraints shadow prices and Resource Marginal Price (RMP).

VI SMC Example
1.
SMC Market Clearing Example

As shown in Figure 4, the North HUB and South HUB are used in north and south zone respectively. Generators G1, G2 and G3 belong to QSE A and generators G4 and G5 belong to QSE B.
The Shift Factor from South HUB to CSC is 0.5 and from North HUB to CSC is –0.5; the south zone aggregated generation is 1000MW and forecasted load is 500MW; the north zone generation is 1500MW and forecasted load is 2025MW; The South to North CSC transfer capability is 450MW and the transmission limit for G3 is 450MW. The energy imbalance between generation schedule and forecasted load is 25MW.

By using the Simultaneous real time Market Clearing (SMC) technique, this market will be cleared simultaneously to resolve system energy imbalance (25MW), South to North zonal congestion and the transmission limit for G3.

As a result, the MCPE for North Zone is $25, South Zone is $10 and transmission price for South to North CSC is $15. In North Zone, QSE A will receive 75MW Up Balancing Awards and be paid through Resource Imbalance: 75*25/4 = $468.75. G3 is requested to go below 450MW and will receive the following Resource Specific Payment: 

(475-450)*(25-11)/4 = $87.5.
In South Zone, QSE B will receive 50MW Down Balancing Awards and it will pay ERCOT through Resource Imbalance by the following amount: 50*10/4 = $125.
Assuming the adjusted metered load for QSE A is: 1500/4 MWh in North Zone and the adjusted metered load for QSE B in North Zone is 525/4 MWh and in South Zone is 500MWh. So QSE B needs to pay ERCOT (525-500)*25/4 = $156.25 through Load Imbalance in North Zone.

Since CSC transmission congestion exists, the zonal congestion cost will be directly assigned to QSE A and B according to their scheduled flow on the South to North congested zonal interface. QSE B will be charged 500*15/4 = $1875.

At the same time, QSE A and QSE B may subject to Uninstructed Resource Charge (URC) depending on their portfolio performance in following instructions and the real time regulation service deployment amount.

[image: image5.emf]G2

.

Schedule: 500MW

Up Bid: $25

Down Bid:$20

75MW UP

Schedule:     500M

Up Bid: $20

Down Bid:$18

50MW UP

Schedule: 500MW

Up Bid: $13

Down Bid: $11

Go below 450MW

Schedule: 500MW

Up Bid: $12

Down Bid: $10

50MW down

Schedule: 500MW

Up bid: $6

Down Bid: $5

G3

G1

G5

G4

North HUB

South HUB

Limit:

450MW

SPcsc:

$15

Line Limit 450MW

SP = $14

Forecast Load: 2025MW

QSE A Generation: 1500MW

QSE A Load: 1500MW

QSE B Load: 500MW

SFcsc: -0.5

Forecast Load: 500MW

QSE B Generation: 1000MW

QSE B Load: 500

SFcsc: 0.5

MCPEn =$25

UBES Awards 75MW

MCPEs = $10

DBES Awards 50MW


Figure 4: SMC Example
VII BES Market Improvements by SMC

SMC can contribute in the following areas regarding real time market improvements by using proper SMC configuration:
1.
Resource specific deployments will not be used for energy balance purpose
Resource specific awards for energy balance purpose will be aggregated to zonal portfolio instructions and settled as Resource Imbalance by the zonal MCPE. As a result, the issue on resource specific instruction used for system power balance purpose can be resolved by SMC.

2.
Provides a transparent economic dispatch solution
When simultaneously clearing system energy imbalance, zonal congestion and local congestion, SMC will minimize the system-wide re-dispatch cost using the mitigated bid-based, security constrained economic dispatch.

3.
Portfolio schedule allocation mechanism is resolved
When the balancing energy market is resolved simultaneously, the QSE submitted resource specific schedules would be used for local congestion management. At the same time, since the zonal and local congestion will be resolved simultaneously, and the portfolio balancing energy deployment is aggregated from the resource specific deployment, the existing issue on portfolio awards allocation is also resolved by SMC.
4.
Provides consistent solution for resource specific deployment and settlement
By using the resource specific schedules for real time market clearing for settlement, the resources at the same transmission bus can be settled by QSE by site using the existing site aggregation technique. Moreover, the issue on inconsistency between resource specific deployment and settlement is also resolved by SMC.
5.
Resource specific ramp rate will be honored
The resource specific ramp rate will be honored during the market clearing process and this ensures that the QSE can follow the resource specific deployment instruction and portfolio deployment instruction within their ramping capability. 
6.
SMC has the capability to provide more granulated price signals
SMC calculates the Resource Marginal Prices (RMP) and, in the future, RMP can be used to help the market to improve the siting of new generations.
VIII Conclusion and Discussions
This working paper reviews the current market structure and provides description on the proposal of Simultaneous real-time Market Clearing. The SMC architecture is presented and a simple example is provided to better convey the design concepts. It also addresses the existing issues regarding operational congestion management and resource specific deployment that SMC can resolve.
To respect the current definition of congestion zone, CSC identification and approval process and the existing Capacity Auction products, the zonal shift factor
 regarding the CSC congestion is proposed and the Capacity Auction products are considered to be located at the zonal market HUB in each zone. While these simplifications increase market transparency and liquidity at the zonal level, it may introduce some variances between the real time market clearing and the physical electric system real time operations. However, the adoption of resource specific shift factors regarding CSC congestion and Capacity Auction products by Resources can also be supported by SMC; Moreover, SMC has the capability to provide more granulated price signals (RMP) that is comparable to the locational marginal prices (LMP) world, which is the core concept in the Standard Market Design (SMD) and the ongoing design efforts are led and coordinated by FERC.
In summary, this working paper provides a fundamental incremental market improvement framework to significantly improve the performance of the ERCOT real time market. Even though the author believes that the fundamental design elements described in this SMC proposal will significantly improve the performance of the ERCOT real time market within the current market structure, some design elements can be configured by the stakeholders’ process without changing the SMC framework. It is believed that the SMC configuration under the proposed SMC framework can be achieved during the ERCOT stakeholder process.
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� SMC can be implemented in the ERCOT Market Operations System (MOS).


� These areas were identified during the ERCOT Protocol Revision Request (PRR) process.


� The bid price can be mitigated due to the existence of locational market power. The originally proposed bid based security constrained economic dispatch approach is improved to the mitigated bid based security constrained economic dispatch approach to resolve the locational market power issue perceived during the SMC discussions.


� Resource specific bids structure already exists in the current market system, SMC can support resource specific bid curve.


� SMC will still provide the market structure to support existing portfolio products that can not be easily decomposed by the market participants.


� During the stakeholder process, it needs to determine whether the zonal but non-CSC constraints should be resolved by resource specific deployments or zonal portfolio deployments.


� SMC can use actual resource specific shift factor for the zonal congestion resolution as needed.


� The resource will be deployed considering its shift factor and mitigated bid price when this resource has market power on a specific congested interface.


� This approach is similar to the market power mitigation approach in the Zonal-ERCOT-Nodal (ZEN) approach presented by Dr. Shams Siddiqi at the January 14, 2003 PUCT market design workshop except that SMC will dynamically determine the existence of locational market power based on real time system conditions.


� This resource specific price can be one the following three prices: 1. Resource bid price corresponds to the cleared MW; 2. Resource Marginal Price; 3. Generic Resource Specific Proxy Prices. In the long term, Resource Marginal Price may provide a more efficient solution.


� SMC will consider to clear real time market for the target interval based on the incremental system status considering the most recent ERCOT region power system status snapshot.


�In the future, Resource Marginal Price (RMP) can be considered as a mechanism for giving market more granulized price signals.


� ERCOT wholesale market also includes the market information exchange with the market participants, for simplicity, the QSEs’ market systems are not included here.


� The Parallel Decoupled Solution (PDS) concept can be applied here. Under this concept, some functions of the real time market clearing can be decoupled to increase the system performance. These functions can include: Resource Specific Shift Factor calculation, gather the constraints sets that need to be considered in Real Time market, etc. By shifting the time consuming functions to Hour Ahead analysis, real time market will become a light weighted and robust function, it can only execute the most essential and important market clearing functions and the speed can be greatly improved. By clearing the real time market as close to real time as possible, the market efficiency and performance will be improved, operator manual intervention will be minimized and less regulation will be deployed.


� The closer the system load forecasted to real time, the more accurate the result.


� This example only considers two QSEs, two zones and five resources. However, it covers the overall process of real time market clearing, which includes scheduling, pricing, dispatch, resource specific payment, resource imbalance. Meanwhile, this example covers the three target areas that the real time market are designed to resolve, which consists of system energy imbalance, zonal transmission congestion and operational transmission congestion resolution.


� This chapter focuses on those issues that are identified and well understood by the market. Even though SMC will also improve the market performance in other areas and those SMC benefits are not listed here.


� SMC can adopt resource specific shift factor as needed.
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