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INTRODUCTION
In the last several years, new power storage technologies have been developed (such as flywheels, batteries, CAES, vehicle-to-grid (V2G) technologies, etc.) that are ideally suited to provide Regulation Service given their ability to respond nearly instantaneously to a control signal and accurately follow moment-by-moment changes in frequency.  Opening the ERCOT Regulation markets to power storage technologies will provide numerous benefits to ERCOT ratepayers and ensure reliable operation of the ERCOT power grid.  
In addition to Regulation Service, compressed air energy systems, and some batteries, allow the capture of energy during times of low demand, and storage of the energy until it is needed.  Integrating this ability to shift the time of dispatch will allow ERCOT to maximize the output potential for its renewable and other low-cost resources and provide a more diverse portfolio of resources.  Whether providing regulation service or shifting the time of dispatch for renewable energy, storage resources provide additional tools to stabilize the grid and maximize the capacity of renewable and other low-cost resources, thereby lowering costs to end-users.
LIMITED ENERGY STORAGE RESOURCES
Regulation Service is used to maintain the grid frequency in compliance with reliability standards by matching the supply of electricity with the demand in sub-minute intervals. Fast-acting storage resources have different capabilities and operating characteristics in how they provide regulation versus how current generator technologies provide regulation today. Thus, Protocol changes are required in order to effectively integrate these new resources into ERCOT’s markets.  Differences in how advanced energy storage technologies provide regulation include:

· Fast Response – can precisely respond with full output in under 4 seconds.  
· Recycles electricity – When generated power exceeds load, storage technologies store this excess energy.  When load increases, storage returns the energy to the grid. 
· Operates around a zero or slightly negative base point – provides regulation by both injecting and withdrawing power from the grid.
These storage resources have a speed and precision of response which is unattainable by traditional generators who currently provide regulation.
Specifically with the addition of more intermittent generation, ERCOT will benefit from Storage’s fast response capability to address the control issues created by the frequent and unpredictable changes in wind output. Fast regulation resources, such as storage, will assist ERCOT in maintaining grid reliability as wind penetration increases. 

Moreover, deploying Storage for Regulation Service will reduce costs to Texas ratepayers by introducing new competition to the market and reducing the amount of overall regulation procurement. Existing fossil fuel-powered plants displaced by Storage based frequency regulation would be available for energy dispatch, potentially allowing the plants to run at a higher capacity, improving their energy efficiency and reducing emissions. 

Since 2008, flywheels as well as batteries have been providing fast response Regulation Service on the grid in other parts of the country. In ISO New England, Beacon Power has been operating up to  3 MW/ of flywheels to provide fast response Regulation Service.  In PJM AES has a 1 MW/250 kWh battery providing Regulation by responding to a fast-changing frequency-based only control signal. Furthermore, both Beacon and AES are building 20 MW/5MWh storage projects in New York State, where the NYISO made protocol changes (similar to those changes recommended herein) to their Regulation market in 2009.  Both NY projects have received support from the Department of Energy (DOE) loan guarantee program.
Despite the numerous benefits of allowing Storage to operate competitively in ERCOT’s Regulation Service markets, there are barriers in ERCOTs protocols and operations that essentially preclude Storage from doing so. Below we describe these barriers and recommend solutions for integrating Storage resources.
Barriers to Storage participation in ERCOT’s Regulation Markets and Recommended Operational and/or Protocol Changes
I. Modify High Sustained Limit Determination Method
Nodal Protocol 8.1.1.2.1.1 specifies that in conducting the regulation test, the control signals may not request Resource performance beyond the HSL, LSL, and ramp rate limit agreed on prior to the test. Nodal Protocol 8.1.1.2 specifies that the HSL is determined based on real-time averaged MW telemetered by the Resource during the 30 minutes of constant output.  Each QSE must provide a seasonal HSL for each Generation Resource with a capacity greater than 10 MW.  This requirement was originally created based on the capability of traditional generation resources which are constrained more by ramp rate, than by duration of energy output.  

One recommended solution to this barrier is to change the HSL output test to make the determination of HSL based on the averaged MW telemetered by the Resource during the 15 minutes of constant output.  This change would apply to all Resources.

The HSL determination is designed to be used only for testing purposes, not settlement.  The inclusion of an HSL in the regulation test significantly discounts the level of regulation service that a storage Resource is allowed to provide.  Because a QSE offers ancillary services to ERCOT based on its complete portfolio and has the ability to change the participation factors of the resources within the portfolio, there appears to be no significant reason to evaluate a 15 minute resource based on a 30 minute output test.  
The other alternative is to excluding storage Resources from HSL testing for the same reasons that wind and hydro are exempt.  The HSL testing does not reflect the unique attributes of the Resource and may not be necessary for the service being provided.  
II. Modify Regulation Deployment 

In order to understand potential changes to the ERCOT regulation signal, it is first necessary to understand how it is currently formed. The frequency of an interconnection deviates from its set point depending on the load/generation imbalance, also known as the Area Control Error (ACE), which is measured in megawatts. Balancing Authorities that are synchronously connected to others as part of a larger interconnection must also take into account their unscheduled interchange on the tie lines between their own area and neighboring Balancing Authorities. In ERCOT, which has no synchronous AC ties, the ACE is equal to the number of megawatts difference between supply and demand. Deviations in ACE from zero indicate frequency deviations, and regulation resources are deployed, either up or down, in order to correct the frequency.
Calculation of ACE

ACE is not measured directly, but rather calculated as a function of the frequency deviation. Using a known relationship between frequency deviations and ACE, ERCOT is able to monitor the frequency and calculate ACE. The term that establishes this relationship is called the bias, which at peak load in ERCOT is equal to 667 MW per 0.1 Hz deviation in frequency:

ACE   =   ( 667 MW   x   Δ frequency )   /   10
Gains and Deadband

At most load levels the relationship between load/generation imbalance and frequency deviation is lower than 667 MW per 0.1 Hz, so ERCOT uses a tiered set of “gains” to modulate the regulation deployment that occurs in response to ACE in order to prevent over-correction. Depending on the level of ACE, the following “gain” factors are applied to calculate the required level of regulation deployment needed in response to frequency deviations:

	Mode
	ACE
	Gain

	Deadband
	0 - 62 MW
	0%

	Normal
	62 - 90 MW
	30%

	Assist
	90 - 334 MW
	40%

	Emergency
	334 MW +
	80%

	Note: Values are approximate and subject to change by ERCOT staff.


One result of this methodology is if a regulation deployment results in the correction of frequency such that ACE returns to the deadband, then the regulation deployment is held in the direction it was deployed. For example, if 100 MW of regulation is deployed up, and the resulting change in frequency corresponds to an ACE of 50 MW, then the deployed regulation resources are held at their deployed level until regulation can be recalled, which occurs in a ramp-limited fashion described below. This results in regulation deployments that are persistently in one direction or another, rather than the timely recall of regulation.

Most regulation dispatching algorithms intentionally damp the rapidly moving instantaneous Area Control Error (ACE) so that the participating generators movement and directional changes are minimized.  This appears to be the case in ERCOT as well.  Looking at ERCOT’s Load Frequency Control (LFC) test data from a pre-nodal market test (Figure 1, Upper) the Regulation Deployed remains in one direction for 20 minutes on average, with a peak of 94 minutes in one direction (Figure 1, Lower).  However, the ACE over the same test period remains in one direction an average of only 2 minutes, with a peak of 24 minutes. Additionally, the Instantaneous ACE value did not exceed +/-400 MW, while the actual Regulation deployed reached 1000 MW and -700 MW.
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Figure 1: ERCOT 10/27/2010 Load Frequency Control Test, Regulation Deployment Data
It is apparent from this data, and through discussions with ERCOT staff, that the Regulation Deployment signal is damped compared to the instantaneous ACE value.  While this accommodates the ramp rate limitations of the current fleet of generators providing Regulation in ERCOT, it does not allow ERCOT to take advantage of Storage’s capability to respond rapidly to ACE deviations.  Since frequency error is a function of both the amount (megawatts) of imbalance and the speed in which the imbalance is corrected, if ERCOT can correct the Area Control Error (“ACE”) quickly, then less regulation needs to be procured.  Hence, utilizing fast-responding Storage resources can effectively lower the cost for regulating the grid.  

The premise that dispatching faster responding resources will reduce ISOs’ costs to procure Regulation was the subject of a June 2008 paper issued by the Pacific Northwest National Laboratory (“PNNL”) and entitled, “Assessing the Value of Regulation Resources Based on Their Time Response Characteristics.”
  In its study, PNNL compared the Regulation effectiveness (i.e., the ability of a given resource to correct the ACE per MW offered) of an “ideal regulation resource” (defined as one that has infinite energy and can respond instantly with perfect accuracy to any system imbalance) with a number of regulation resources and concluded that fast responding regulation resources (such as Storage) could be as much as 17 times more effective than conventional ramp limited regulation resources because of how quickly and accurately it responds to a system imbalance.  As the study was conducted using data from CAISO, PNNL concluded that if CAISO dispatched fast responding regulation resources, it could reduce its Regulation procurement by as much as 40 percent.  

There are two reasons why utilizing fast response resources to provide regulation can result in fewer total MW capacity of Regulation that needs to be procured.  First, resources that are more flexible and can ramp more quickly will reach their dispatch target faster, and therefore be ready to be re-dispatched more often.  Thus the amount of ACE correction that can be provided from fast regulation resources is much greater than from ramp-limited resources.  Second, because slower ramping resources cannot switch directions quickly, they sometimes provide regulation in a direction that is counterproductive to the needs of the grid.

In order to take full advantage of the fast responding Storage resources, we recommend ERCOT change its Regulation dispatch for Storage resources to utilize their fast response. Furthermore, to remove barriers to Storage resources we recommend that ERCOT provide a means for Storage resources to manage the energy stored in their device by using the 5-minute energy markets. Making these changes will allow Storage resources to participate in the Regulation markets on a comparable basis with traditional generators while improving ERCOT’s ability to meet existing reliability criteria.  Below are our recommendations.
1. Raise Ramp Limitation 
ERCOT protocols (8.1.1.4.1) limit the regulation deployment of each QSE from one LFC interval to the next. The limit per QSE is set to 125% of the total amount of regulation service in ERCOT divided by 75 – the number of control cycles (four-second LFC intervals) in five minutes. As an example, if there are 600 MW of regulation service in ERCOT, the limit would be 10 MW of regulation deployment per QSE per four-second LFC interval. A similar ramp-limiting mechanism to the one described for regulation deployment has been implemented for the recall of regulation. 

This limit effectively creates a regulation deployment that changes more slowly than frequency or ACE, in part because the resources available to provide regulation when these systems were designed were not capable of changing their level of output as quickly as changes in frequency occur. 
Raising this limit would create operational benefits to the ERCOT system by allowing resources that can respond quickly to erase ACE, resulting in superior control of system frequency by applying regulation dispatch in a manner that is truer to the system needs. Such a change would also reduce a barrier to energy storage resources participating in the ERCOT market by removing the embedded technology bias in the signal.
2. Lower Sustained Limit 
AES installed a 1 MW demonstration-scale energy storage resource in ERCOT under the Zonal market rules and was able to offer Regulation Service in the market through its QSE and receive a regulation signal. The regulation signal sent the resource a positive number (between 0 and 1) for Regulation Up Service and a negative number (between -1 and 0) for Regulation Down Service. The 1 MW unit was also offered into the market during nodal LFC trials during which it received signals in both directions. Upon Nodal “go live”, the resource was offered into the market again, but no longer received a negative signal because the nodal systems no longer support a Lower Sustained Limit that is a negative number. This barrier, absent under Zonal and in the LFC trials, has been introduced under Nodal and should be removed
3. Modify Regulation Signal 

From experience with other ISOs, the optimal regulation dispatch signal for fast response Storage resources has three key components:
1) Energy Neutral: The signal when integrated over time should equal zero. This helps avoid accumulating or expending the energy stored in the resource over time which limits its ability to respond in both directions to regulation signals.
2) Frequent cycling: The direction of the signal should change rapidly so that the energy associated with that cycle in one direction is small. This will help keep Storage resources from filling up or emptying in any one cycle.  
3) Reacts to real-time energy imbalances: The signal should be representative of the control actions required to stabilize real-time energy imbalances on the system. This will take advantage of the Storage resources fast response rate and provide added stability to the grid. 
To incorporate the speed of response that Storage resources can provide, while maintaining a slower signal for the traditional regulation providers, we recommend ERCOT develop a separate signal based off the instantaneous ACE value (Figure 2), for the Qualified Scheduling Entities (QSE) that have fast responding Storage resources.  This change will utilize the Storage resource’s speed of response to arrest fast moving ACE deviations, but will continue to maintain the current signal for the slower moving resources. By doing so, regulation provided by slower moving units should be needed less often, thereby providing the potential for reducing overall Regulation costs. Furthermore, giving the fast portion of ACE to storage, will allow conventional generators to run at a lower heat rate, consume less fuel, and incur less maintenance costs.  
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Figure 2: ERCOT Fast and Existing Load Frequency Control Block Diagram
For example, the California ISO developed an “ACE Smoothing” dispatch mechanism that divides the work of correcting the ACE into two distinct roles: 1) conventional generation (that ramp in the 5-10 MW/min range) provides the corrective action necessary to correct imbalances that occur over tens of minutes and 2) fast responding resources (that ramp in the 100’s MW/min range) provide the corrective actions required to react to instantaneous changes in ACE.  Figure 3, taken from a February 2005 CAISO presentation to the California Energy Commission (CEC), shows graphically the goal of correcting the majority of the ACE with fast responding resources and leaving  the slower signal to the slow responding resources.
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Figure 3: California ISO ACE Smoothing Regulation Deployment Signal
The signal given to the slower ramping units is derived from a rolling average of the ACE. This slower signal is easier to follow and cycles less frequently. The signal given to the faster ramping units is the difference between the instantaneous ACE and the rolling average. This portion of the signal changes direction very often which takes advantage of the resources ability to ramp quickly, and limits the amount of energy necessary to provide this service. The fast signal also tends to be energy neutral because it does not contain any of the long-term trends of the ACE. The natural volatility of the signal is ideal for Storage since it allows the storage device to stay closer to its preferred energy level.   For example, Figure 4 shows ACE data, the resulting fast signal from the ACE Smoothing dispatch method, and the change in the Storage resources stored energy level responding to the ACE Smoothing dispatch. Note that the change in stored energy level is less than 25%, meaning that the resource has more than sufficient energy storage capacity to provide this service. The signal is well matched to this resource’s characteristics with respect to ramp rate and energy duration.
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Figure 4: Dispatch of a 5 MW, 1.25 MWh Energy Storage Resource Using the CAISO ACE Smoothing Signal

Dispatching Storage resources to utilize their fast response capability has several advantages:

Advantages for ERCOT 
· Less Regulation Procurement

· More effective and tighter control – reduces amount of over-control

· Fewer emissions associated with Regulation

Advantages for Storage

· Takes advantage of the ramp capabilities

· Energy neutral signal increase utilization of the resource’s capacity

Advantages for Traditional Generation
· Allows generation to cycle less frequently Reduce O&M 

4. Allow to Manage Energy Level using 5-minute Energy Market (Energy Management) 

Ideally, the Regulation signal will be energy neutral and the Storage resource will continuously inject and withdraw energy around a 0 MW base point in response to its Regulation dispatch signal.  However, if the signal is in one direction for long periods of time the Storage resource will begin to fill up or empty limiting its ability to inject or withdraw power.  In order to take advantage of the benefits of fast response Storage, other ISOs
 have allowed storage resources to dynamically schedule energy injections and withdrawals in the real time energy market, i.e. if the Storage resource is filling up it schedules to discharge in the next 5 minute interval and if it is emptying it schedules to charge in the next five minute interval.  This enables Storage resources to continuously provide Regulation. 

Electric Power Research Institute (EPRI) conducted a study
 on the capability of limited energy Storage resources to provide Regulation.   EPRI determined that a Storage resource can continuously provide Regulation as long as it can use the energy market to manage its energy level (i.e., ‘state-of-charge’). Figure 5 is extracted from the EPRI study.  It shows the regulation signal over a five day period in PJM.  In the first case (left), the Regulation signal reaches a maximum energy bias (e.g. cumulative energy trend in Regulation signal) of 929 MWh. In the second case (right) EPRI implemented a 5-minute adjustment to move the energy trend out of the Regulation signal and into the 5-minute energy market, greatly reducing the energy bias to a maximum of 28 MWh.  The EPRI study finds that if a limited energy storage resource can utilize the 5 minute energy market it can continuously provide Regulation.  For example, in the first case, there is an energy bias of 929 MWh, with a maximum Regulation Up of 431 MW. The storage duration needed to provide continuous Regulation is 929 MWh/431 MW, or 2.1 hours. However, in the second case with a Storage resource scheduling energy in the real time 5-minute energy market, the storage duration needed to provide continuous Regulation  is 28 MWh/522 MW, or just 3 minutes.  Allowing a limited energy Storage resource to dynamically schedule energy every 5-minutes, if necessary, will enable these resources to provide continuous Regulation Service at its full MW capacity. 
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Figure 5: EPRI Study on Storage Resources ability to sustainably provide Regulation Service
We recommend ERCOT allow Storage resources to be dynamically scheduled in the 5-minute energy market, in order to manage its energy level. This change is consistent with other protocol rules for resource specific operational characteristics. For example, Qualifying Facilities and Intermittent Renewable Resources, that do not have an Energy Offer Curve, are able to vary their Output Schedule in each SCED run based on their telemetered output
, not based on the Output Schedule set each hour in the Adjustment Period.  

When Storage resources providing Regulation have a mechanism to manage their energy level through SCED, it provides ERCOT with the ability to both immediately respond to changes in system frequency and economically schedule these unpredicted changes in its real time energy market by scheduling the Storage resource to charge/discharge in a future interval.  For example, when “Up Regulation” is scheduled on a generator, the generator is paid for producing the energy needed to respond to the Regulation signal at the greater of the LMP or its bid, making it potentially uneconomic energy.  In contrast, the Storage resource injects stored, recycled energy and if it should become empty, it will recharge by buying energy in a future interval as a price taker from the most economic energy resource in the Energy market.  When “Down Regulation” is scheduled on a generator, it reduces its energy production to respond to the Regulation signal and has no ability to reduce the marginal unit in the energy market.  In this case, the Storage resource will withdraw energy as a price taker paying the LMP.  Should the resource become full, it will discharge energy in a future interval in the Energy market, resulting in the marginal unit being turned down or displaced.  Hence, there is a potential to reduce the LMP in the Energy market.

Therefore, allowing Storage resources to change their energy Output Schedule every five minutes not only enables Storage to provide Regulation it provides system benefits as well, as it allows the energy associated with unpredicted changes in system frequency to be economically scheduled in future intervals.  This ensures the least cost solution for the market by allowing imbalances to be reflected in the price of energy (LMP) and sends price signals to the market to adequately adjust.   

ERCOT can accomplish this by permitting Storage Resources with less than one hour of storage capacity, that want to provide Regulation Service, to be defined as a Dynamically Scheduled Resources (DSR). Once defined as a DSR the QSE can update the Output Schedule for a dispatch interval at any time before the SCED process for that interval
, allowing the Storage resource to manage its energy level in the 5-minute energy market. 
III. Modify Settlement of Storage Resources 
Under the ERCOT protocols generators are compensated for energy on a nodal pricing basis.  Loads, however, pay for energy on a zonal basis.  In an ideal world, large loads (e.g., transmission voltage customers) would pay nodal prices for their energy purchases, just as generators are compensated for sales.  However, for a number of reasons, including practicality, ERCOT has chosen to price all energy to loads on a zonal basis.

It is inevitable that for any specific location the nodal price will differ at a given time from the zonal price.  The degree of difference is likely to change through time with changes in generation assets, fuel prices, transmission system upgrades, load, etc.   In the very long term, the market is likely to act to reduce differences between nodal and zonal prices.  However, it is reasonable to believe that such pricing differences are likely to exist, and in certain cases are likely to be of a material magnitude, for many years.  

This difference between nodal and zonal pricing, taken in tandem with ERCOT’S practice of pricing load and generation on differently, will inevitably diminish economic efficiency with regard to the location and operation of storage technologies, for reasons discussed below. 

A storage device, regardless of the specific technology, takes power from the grid, converts it to potential energy, and at a more opportune time transforms this potential energy into electric energy, which is returned to the grid (less conversion losses).  Storage devices thus differ fundamentally from other “loads”, in that the power taken from the grid is not consumed in the manufacturing of goods or the provision of services.  In this respect, there is a clear distinction between storage assets and other types of load when taking energy from the grid.

If the price of energy removed from the grid is computed on a different basis from the price of energy returned to the grid, one of two results will occur:

a. If zonal prices are lower than the storage device’s nodal price, a wealth transfer from the market to the storage device will occur.  The storage owner would pocket the non-economic pricing differential between his (artificially low) purchase cost and his sales price.  The net effect would be to unjustly reward the storage device owner, by allowing the owner to purchase energy at less than its “true” cost (on a nodal basis).  

b. On the other hand, if zonal prices are higher than nodal prices, the generator will be inhibited from buying an economically appropriate amount of “charging” energy, as the price will be artificially higher than the “true” (nodal) value of the energy.  Thus the storage device would not be delivering its economic potential to the market, which would increase costs overall.  Furthermore, the diminished profitability of the storage device may mean that devices able to improve market efficiency are not constructed, due to inadequate profitability, or that storage device developers will choose to locate devices in order to “game” the pricing disparity between zonal and nodal prices, rather than siting the facilities at a location which could provide maximum benefit to the market (both with regard to off-peak and on-peak grid operational considerations).

For these and other reasons it is thus critically important that ERCOT adjust its rules to ensure that storage devices buy and sell energy on the same pricing basis.    

One potential way to achieve this result would be to apply the policies in place for DC ties.  A DC tie operates in a manner analogous to a storage resource in that it imports and exports power, but does not consume power (absent conversion losses).  The protocols place each DC tie in its own load zone, effectively settling it on a nodal basis. 

The suggested modification to the protocols would be to settle storage Resources on a nodal basis to more accurately reflect the nature of the storage Resource whether, charging or discharging.
Appendix A
ISO Efforts to Integrate Limited Energy Storage Resources (LESRs)
California ISO (CAISO)

The CAISO is in the process of developing market rules that will assist Energy Storage resources providing Regulation Service with managing their energy level during operation. The CAISO, like ERCOT, has separate up and down Regulation Markets and have scheduling entities.  These market rule changes are expected to go to the CAISO Board of Governors for approval in February 2011. 

New York ISO (NYISO)

After a comprehensive six-month stakeholder process, NYISO filed for FERC’s approval of its Proposed Tariff Revisions to Integrate Energy Storage Devices into the NYISO-Administered Regulation Service Market on March 11th, 2009.

To take advantage of the benefits of LESRs in a manner that treats them comparably to other generation facilities, and without impacting the NYISO’s ability to meet all existing reliability criteria, the NYISO made changes in three major areas – scheduling, operations and settlements.

FERC approved the NYISO's proposed tariff changes to integrate Limited Energy Storage Resources (LESR) on May 15, 2009.

Midwest ISO (MISO)

MISO was the first ISO to officially recognize energy storage as different from generation or demand response. MISO made numerous changes to its tariff incorporate Stored Energy Resources (SERs); these changes were approved by FERC on December 18th, 2008.  

In the spring of 2009 MISO and other stakeholder worked to make additional enhancements to the dispatch of SERs in the MISO Regulating Reserves market.  This effort resulted in a new round of tariff changes, which were filed with FERC on May 12th, 2009 and were approved by FERC on December 31st, 2009.

ISO New England (ISO-NE)

On August 5th, 2008, ISO-NE filed rules for a pilot program for alternative technologies to provide and be paid for Regulation.  These rules were approved by FERC on September 15th, 2009. The ISO-NE is planning to propose permanent market rules in 2011.     

PJM

PJM has a faster signal that is based on the frequency portion of the Area Control Error and is less biased with respect to energy.  It is better suited for Energy Storage resources while providing more effective Regulation. PJM does not have a standardized mechanism for managing the energy storage resource’s energy level, as found in the NYISO or MISO, but it allows resource operators the flexibility to manage the energy level themselves.
�  Makarov, Y.V., Ma, J., Lu, S., Nguyen, T.B. “Assessing the value of Regulation Resources Based on Their Time Response Characteristics.” Pacific Northwest National Laboratory, PNNL – 17632, June 2008.


� See Appendix A


� September 11, 2009 ERPI Webcast, Prototype Method for Analyzing Regulation by Limited Energy Storage


� ERCOT Protocol Section: 6.4.2.1 (2b) Output Schedules for Resources Other than Dynamically Scheduled Resources


� ERCOT Protocol Section: 6.4.2.2 (2) Output Schedules for Dynamically Scheduled Resources
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