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Section 1 – Introduction
The objective of this White Paper is to describe why the Verifiable Cost Working Group (VCWG) was motivated to create NPRR168 and also to describe the proposal drafted by ERCOT that slightly modifies the VCWG NPRR.  This modified NPRR (referred to as “NPRR 168 with ADJ” is an NPRR that can be implemented by Nodal Go Live and without any system changes.  It will however, require the Verifiable Costs submittal process to be slightly more complicated.
Section 2 – Statement of Purpose
Under the current Nodal Protocols Startup Costs are defined as those costs incurred by a Generation Resource in starting up and reaching breaker close (BC) in dollars per start.  Similarly, Startup Offer represents an offer for all costs incurred by a Generation Resource in starting up and reaching breaker close in dollars per start.  And since Startup Costs are used in Nodal to cap Startup Offers, these two definitions are congruent.  
According to Section 2 of the Nodal Protocols, Minimum-Energy Offer represents an offer for the costs incurred by a Resource in producing energy at the Resource’s LSL expressed in dollars per MWh.  However, in Section 4.4.9.2 of the Nodal Protocols the Minimum-Energy Offer is described as a proxy for the costs incurred by a Resource in producing energy up to an including the Resource’s LSL after breaker close.  Furthermore, Section 4.4.9.2.3 of the Nodal Protocols describes the Resource Category Minimum-Energy Cap as the cost per MWh of energy for a Resource in producing energy up to and including the Resource’s LSL after breaker close.  Clearly, the Nodal Protocols are not consistent in the description of Minimum-Energy Offer and cap and are silent on what represents Minimum Energy Costs, except when describing the Minimum-Energy Price in Section 5.7.1.1 RUC Guarantee (RUCG); although this section does not clearly describes what Minimum-Energy costs should be.   
Given the above definitions and related settlement equations, ERCOT has assumed that Minimum-Energy Offers and costs represent those costs a Resource incurs while producing energy at the LSL.  Therefore, there is a gap in the calculation of RUC Guarantee since the costs from breaker close to LSL are not being captured in either the calculation of Startup or Minimum-Energy costs.  That is, the RUCG will be understated by the fuel consumed by a Resource while ramping from breaker close to LSL.  For Resources such as Quick Start Units where ramping from breaker close to LSL is done in a very short period of time, the RUCG amount will be slightly understated, but for slow ramping generators such as thermal or combined-cycle Resources, the RUCG could be severely understated.  Hence, for slow ramping Resources the RUCG may not be high enough to allow the unit to recover all of its costs, resulting in a loss to the Resource for providing the RUC service.  For example, a Resource which receives a RUC deployment for a specific hour is expected to be operating at its LSL at that hour.  If the RUC instruction is for a combined cycle Resource, the unit may have to begin ramping several hours prior to the RUC instructed hour to reach LSL by the RUC hour.  For the ramping hours from breaker close to LSL, prior to the RUC hour, ERCOT will not calculate a Minimum Energy Price (see 1c, MEPR, below) since these hours are considered “QSE clawback intervals”. Once the Resource reaches LSL, and assuming it does so at the beginning of the RUC hour, ERCOT will calculate a Minimum Energy Price for all RUC hours, however, this price only takes into account the fuel burned while operating at LSL.  Therefore, the RUCG will be understated since it does not account for the cost of burning fuel from breaker close to LSL.   
Considering Real Time settlements, the Resource would receive a payment based on the Real Time Settlement Point Price (RTSPP) times the amount of generation provided for the ramping hours.  Whenever the RTSPP is high, the Resource should receive enough payments to cover its fuel costs while ramping.  However, if the RTSPP is low, the Real Time energy payments may not be enough to cover the fuel expenses of the Resource. The settlement equations shown below illustrate how Resources are impacted by fuel costs and RTSPP.
 1a. 5.7.1 RUC Make-Whole Payment

RUCMWAMTq,r,h  =
(-1) * Max (0, RUCGq,r,d – RUCMEREVq,r,d – RUCEXRRq,r,d – RUCEXRQCq,r,d) / RUCHRq,r,d
The RUC Make-Whole Payment (RUCMWAMT) is calculatedby subtracting from the RUC Guarantee (RUCG) the RUC Minimum Energy Revenue (RUCMEREV) for all RUC-committed hours, the Revenue Less Cost Above LSL During RUC-Committed Hours (RUCEXRR) and minus the Revenue Less Cost during QSE-Clawback Intervals (RUCEXRQC).  For Resources operating at or below the LSL, RUCEXRR is zero.
Then,
RUCMWAMTq,r,h  =
(-1) * Max (0, RUCGq,r,d – RUCMEREVq,r,d – RUCEXRQCq,r,d) / RUCHRq,r,d
	Variable
	Unit
	Definition

	RUCMWAMTq,r,h
	$
	RUC Make-Whole Payment—The RUC Make-Whole Payment to the QSE for a Resource, for each RUC-Committed Hour of the Operating Day.

	RUCGq,r,d
	$
	RUC Guarantee—The sum of the Resource’s eligible Startup Costs and Minimum-Energy Costs during all RUC-Committed Hours, for the Operating Day.  See Section 5.7.1.1, RUC Guarantee.

	RUCMEREVq,r,d
	$
	RUC Minimum-Energy Revenue—The sum of the energy revenues for the Resource’s generation up to LSL during all RUC-Committed Hours, for the Operating Day.  See Section 5.7.1.2, RUC Minimum-Energy Revenue.

	RUCEXRRq,r,d
	$
	Revenue Less Cost Above LSL During RUC-Committed Hours—The sum of the total revenue for the Resource’s operating above its LSL less the cost during all RUC-Committed Hours, for the Operating Day.  See Section 5.7.1.3, Revenue Less Cost Above LSL During RUC-Committed Hours.

	RUCEXRQCq,r,d
	$
	Revenue Less Cost During QSE-Clawback Intervals—The sum of the total revenue for the Resource less the cost  during all QSE-Clawback Intervals, for the Operating Day.  See Section 5.7.1.4, Revenue Less Cost During QSE Clawback Intervals.

	RUCHRq,r,d
	None
	RUC Hour – The total number of RUC-Committed Hours, for the Resource for the Operating Day.

	q
	None
	A QSE.

	r
	None
	A  RUC-committed Generation Resource.

	d
	None
	An Operating Day containing the RUC-commitment.

	h
	None
	An hour in the RUC-commitment period.


Note:  
Make-Whole payments are calculated for an entire Operating Day; therefore, the equation above would be applied for the entire day.  

1b. 5.7.1.2 RUC Minimum-Energy Revenue
RUCMEREVq,r,d  =
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(RTSPPp,i * Min (RTMGq,r,i, (LSLq,r,i * (¼))))

The RUC Minimum-Energy Revenue represents the payments a Resource receives in Real Time for the RUC hours. 

1c. The RUC Guarantee is calculated as follows
RUCGq,r,d
=
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(SUPRq,r,s * RUCSUFLAGq,r,s) + 
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(MEPRq,r,i * Min ((LSLq,r,i * (¼)), RTMGq,r,i))

Assuming the following:

a. Resource qualifies for Startup payments
b. It Reaches LSL at the RUC hour 

c. RUC instruction is for just one hour 
d. Voltage support and Emergency Services are zero then,

RUCGq,r,d
=
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(SUPRq,r,s) + (MEPRq,r,i * LSLq,r,i * (¼)),
And for a one hour deployment
RUCHRq,r,d = 1, and 
RUCMWAMTq,r,h  =
(-1) * Max (0, RUCGq,r,d – RUCMEREVq,r,d – RUCEXRQCq,r,d) 

1d. 5.7.14 Revenue Less Cost During QSE Clawback Intervals
RUCEXRQCq,r,d  =
Max {0, 
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[(RTSPPp,i * RTMGq,r,i )
+ (-1) * (VSSVARAMTq,r,i + VSSEAMTq,r,i)
+ (-1) * EMREAMTq,r,i
– [MEPRq,r,i * Min (RTMGq,r,i, (LSLq,r,i * (¼)))] 
– [RTAIECq,r,i * Max (0, RTMGq,r,i – (LSLq,r,i * (¼)))]]}  

Assuming the following:

a. Voltage support and Emergency Services are zero 

b. Resource Operates at or below the LSL 
c. Ramping intervals are QSE Clawback intervals then,

A1
RUCEXRQCq,r,d  =
Max {0, 
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[(RTSPPp,i * RTMGq,r,i )– [MEPRq,r,i * Min (RTMGq,r,i, (LSLq,r,i * (¼)))] }

For ramping hours prior to the RUC hour (assuming RMG < LSL)

The equation above is reduced to
RUCEXRQCq,r,d  =
Max {0, 
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[(RTSPPp,i * RTMGq,r,i )– [MEPRq,r,i * RTMGq,r,i] }

Or simplifying 
A2
RUCEXRQCq,r,d  =
Max {0, 
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[(RTSPPp,i–MEPRq,r,i ] * RTMGq,r,i }
And

A3
RUCMWAMTq,r,h  =
(-1) * Max (0, RUCGq,r,d – RUCMEREVq,r,d – RUCEXRQCq,r,d) 

Equation A2 above illustrates the effect RTSPP has on the Resource ability to recover its costs (RUCG) via the Make-Whole payment amount while ramping from BC to LSL (RTMG<LSL).  If the RTSPP is higher than MEPR, the term (RTSPP-MEPR) is positive, which reduces the Startup Price (SUPR) as shown in equation A3.  And although the Resource receives payments in Real Time, it does not imply that the Resource receives enough revenues to cover its costs since the Minimum Energy Price (MEPR) is understated because it does not take into account fuel to ramp from BC to LSL.  
On the other hand, if RTSPP is lower or equal to MEPR,   the Resource is at risk of losing money because the MEPR is understated and the Real Time energy payments are also lower.
Example

Below is a simple illustrative example that uses fictitious (but realistic) data to show the RUCMWAMTq,r, calculation under existing Nodal Protocols, for the VCWG NPRR  and under the “NPRR 168 with ADJ”  for scenario 1.  The calculations can be found in the Excel Template companion to this white paper under the title:  “NPRR168_05_11_2009”
Assumptions 

1. No voltage or Emergency Energy deployments

2. RUC is for hours 06:00-10:00
3. 100% Gas-fired Resource

4. No O&M costs

5. Resource Offers = Offer Caps

6. SUPR = Offer to start Resource
7. MEPR = Offer to operate Resource at LSL
8. Resource closes Breaker (BC) at 03:00

9. Resource reaches LSL at start of hour 06:00

Input Data

	Corresponding
Bill Determinant
	Value
	UOM
	Bill Determinant Description

	LSL
	40
	MW
	Low Sustained Limit

	RTMG
	5
	MWh
	Real-Time Metered Generation
-scaled per 15-minutes beginning @ Breaker Close (hour1)

	RTMG
	6.25
	MWh
	Real-Time Metered Generation
-scaled per 15-minutes after Breaker Close but before LSL (hour2)

	RTMG
	7.5
	MWh
	Real-Time Metered Generation
-scaled per 15-minutes after Breaker Close but before LSL (hour3)

	AFCRS
	1000
	MMBTU/Start
	Verified Actual Fuel Consumption per Start (to Breaker Close)

	GASPERSU
	100%
	%
	Verified Percentage Gas per Start

	O&M
	0
	$/Start
	Verified Operation and Maintenance Expense per Start

	VFCLSL
	15
	MMBTU/MWh
	Verified Fuel Consumption Rate @ LSL

	GASPERME
	100%
	%
	Verified Percentage Gas @ LSL

	OILPERME
	0%
	%
	Verified Percentage Oil @ LSL

	SFPERME
	0%
	%
	Verified Percentage Solid Fuel @ LSL

	O&M
	0
	$/MWh
	Verified Operation and Maintenance Expense @ LSL

	n/a
	3
	 
	Time it takes from Breaker Close to reach LSL
Unit of Measure - Hours

	n/a
	2150
	MMBTU/Start
	 

Fuel Consumption Rate from Breaker Close to LSL
Unit of Measure - MMBTU/start


	n/a
	40
	 MMBTU/MWh
	 

Heat Rate @ Breaker Close



	n/a
	40
	MMbtu/MWh
	 Average Heat Rate for first ramping hour

	n/a
	30
	MMbtu/MWh
	  Average Heat Rate for second ramping hour

	n/a
	20
	MMbtu/MWh
	  Average Heat Rate for third ramping hour

	MEPR
	75
	$/MWh
	Real-Time Average Incremental Energy Cost

	RTSPP
	50
	$/MWh
	Real-Time Settlement Point Price

	FIP
	5
	$/MMBTU
	Fuel Index Price

	n/a
	10
	MMbtu/MWh
	Proxy Heat Rate


Equations

Startup Offer Cap (Start-BC) = FIP * Fuel Burned 

Minimum-Energy Offer Cap = FIP * Fuel Burned (at LSL)
Input Calculated Results
	Input Calculated Data  
	Values

	Startup Offer Cap (Start-BC) ($)
	5,000

	Minimum-Energy Offer Cap ($/MWh)
	75


Output Calculated Results

Table 1
	Scenario


	RUCG

($)
	RUCMEREV

($)
	RUCEXRQC

($)
	RUCMWAMT

($)
	RTEIAMT*

($)
	RUCMWAMT

+

RTEIAMT

($)

	Current Protocols
	17,000
	8,000
	0
	(9,000)
	(11,750)
	(20,750)


* RTEIAMT = RTMG * RTSPP
From Table 1 above we notice that the Resource received a total of $20,750 for bringing the Resource online, ramping for 3 hours and operating at the LSL for 4 hours.  In this case the cost of fuel burned calculated in the RUCG to bring Resource to the LSL was $5,000, which did not include the actual fuel burned while ramping from BC to LSL.  
To mitigate the exclusion of this fuel oversight in the Nodal Protocols, the Texas Nodal Transition Plan Task Force (TPTF) concluded that fuel from breaker close to LSL should be incorporated as part of the Startup Costs and created the Verifiable Cost Task Force (VCTF) to address this and other issues.  TPTF’s VCTF also concluded that fuel from BC to the LSL should be incorporated in the Startup Cost; however, it is not clear if VCTF meant to include with Startup Costs the entire fuel burned or a partial amount.

The Verifiable Cost Working Group (VCWG) created NPRR 168 that includes all of the fuel burned from breaker close to LSL as part of the Startup Cost.  Adding this fuel in the Startup Cost would not require system changes and would add this fuel cost to the RUCG, ensuring that Resources recuperate their costs as intended by the Protocols.  After VCWG introduced NPRR168 to TPTF for review, it was concluded that if the entire fuel from breaker close to LSL was included with the Startup Costs there would be instances when Resources would be over compensated for providing RUC services.  The reason for this over payment is that NPRR168, as written, does not properly account for the revenues received as part of the Resources Real Time Energy Payments (RTEIAMT) while ramping from breaker close to LSL.  That is, the original submitted NPRR168 includes the entire fuel from BC to LSL in the Startup Cost without considering the revenues received by Resources while ramping to the LSL.  In light of this new development, TPTF remanded NPRR168 back to WMS/VCWG for further evaluation.

Table 2 below shows the results of incorporating the changes of NPRR168, which include all of the fuel from BC to LSL into the Startup Costs.  In this case the RUCG increased by $10,750, which is the cost of fuel burned from BC to LSL. 
Table 2

	Approach

	RUCG

($)
	RUCMEREV

($)
	RUCEXRQC

($)
	RUCMWAMT

($)
	RTEIAMT
($)
	RUCMWAMT

+

RTEIAMT

($)

	Current Protocols
	17,000
	8,000
	0
	(9,000)
	(11,750)
	(20,750)

	NPRR168
	27,750
	8,000
	0
	(19,7500)
	(11,750)
	(31,500)


Section 3 – Proposal to Mitigate Resource Over Payments Introduced with NPRR168
ERCOT submitted a proposal to the VCWG to address the problem of over payment associated with NPRR168.  ERCOT’s proposal is predicated on the concept of calculating a proxy Heat Rate that can be used to approximate the RTSPP.  As discussed above, Resources begin receiving Real Time Energy payments as soon as they close the breaker on their units and while ramping to their LSLs.  If the entire fuel consumed by a Generation Resource while ramping from BC to LSL were to be included in the Startup Costs, the QSE could be overpaid by the amount received in Real Time Energy payments.  ERCOT’s proposal is to estimate the Real Time Energy payments by multiplying a proxy Heat Rate by the average generation produced while ramping (from BC to LSL) by the Fuel Index Price and subtracting this amount from the Startup Price (SUPR) which included all of the fuel from BC to LSL.  The calculation of SUPR is as follows:
Current Protocols 

a)  
SUPR = Startup Fuel (FF-BC) x FIP + O&M

Where

FF= First Fire

BC = Breaker Close 

Under NPRR 168, 

b)
SUPR = [[Startup Fuel (FF-BC) + Startup Fuel (BC-LSL) + Shutdown Fuel (BO-SHD)] x FIP] + O&M 
Where

BO= Breaker Open

SHD = Shut Down

Under NPRR 168 modified (ERCOT’s proposal)

c)
SUPR = [[Startup Fuel (FF-BC) + Startup Fuel (BC-LSL) + Shutdown Fuel (BO-SHD)] – H x G (BC-LSL)] x FIP] + O&M
Where

H (MMBtu/MWh) = Proxy Heat Rate 

G (BC-LSL) (MWh) = Average generation of Resource while ramping from BC-LSL as submitted with Verifiable Costs.  It is expected that this generation amount would be different for Hot, Warm, and Cold starts.
Table 3 below includes the results of the analyses of NPRR168 with ADJ which reduces the amount of fuel that is included in the Startup Costs as described above under Section 3 above.  It’s clear from this table that the RUCG has been reduced by $3,750, which is exactly the REAL TIME ENERGY payment received by the Resource for the ramping hours and resulting in a lower RUCMWAMT payment.  Therefore, with the NPRR168 with ADJ proposal, the Real Time energy payments are deducted from the RUCG ensuring that the Resource receives exactly its True cost.
Table 3

	Approach

	RUCG

($)
	RUCMEREV

($)
	RUCEXRQC

($)
	RUCMWAMT

($)
	RTEIAMT
(Ramping Hours)
($)
	RTEIAMT
(RUC Hours)
($)
	Total
RTEIAMT

($)
	RUCMWAMT

+

RTEIAMT

($)

	Current Protocols
	17,000
	8,000
	0
	(9,000)
	(3,750)
	(8,000)
	(11,750)
	(20,750)

	NPRR168
	27,750
	8,000
	0
	(19,7500)
	(3,750)
	(8,000)
	(11,750)
	(31,500)

	NPRR168 Modified
	24,000
	8,000
	0
	(16,000)
	(3,750)
	(8,000)
	(11,750)
	(27,750)


Table 4 below provides a summary of the estimated True Cost of the Resource.  True Costs represent the actual cost incurred by a Resource as it consumes fuel while providing the RUC service.  The total cost of fuel in this example is estimated to be $27,750, which represents the cost of fuel for ramping and sustaining the Resource at the LSL.  The fuel cost from BC-LSL, $10,750, was calculated by multiplying an average Heat Rate value for each ramping hour by the Fuel Index Price and the average generation for each hour.  Notice that the True Cost of the Resource is identical for all scenarios since these represent to total cost of fuel and they are a function of the Resource efficiency and fuel prices.  

Table 4

	Approach


	Fuel Cost

(Start-BC)

($)
	Fuel Cost(1)

(BC-LSL)

($)
	Fuel Cost

(LSL)

($)
	Total True Cost

($)

	Current Protocols
	5,000
	10,750
	12,000
	27,750

	NPRR168
	5,000
	10,750
	12,000
	27,750

	NPRR168 ADJ
	5,000
	10,750
	12,000
	27,750


Table 5 below shows the difference between the Total True Cost and the revenue received by the Resource.  From this table we can conclude that under the current Protocols the Resource would loose money.  On the other hand, under the NPRR168, the Resource would have been over paid by the REIAMT during ramping hours ($3,750) while on the “NPRR 168 with ADJ” the entity would recover exactly its costs.
Table 5

	Scenario


	RUCMWAMT

+

RTEIAMT

($) ($)
	Total True Cost

($)
	True Cost less Revenue
($)

	Current Protocols
	(20,750)
	27,750
	7,000

	NPRR168
	(31,500)
	27,750
	(3,750)

	NPRR168 ADJ
	(27,750)
	27,750
	0


Section 4 – Proxy Heat Rate Approximation Proposals
There are several methods of calculating the proxy Heat Rate.  One way is for WMS or TAC to determine this value monthly, quarterly, seasonally or on an annual basis.  Seasons could be defined as winter = DEC, JAN, FEB and summer = all other months).  ERCOT could calculate this value by dividing the ERCOT-Wide Hub prices by the average of the FIP over a specified period (monthly, quarterly, seasonally or annually).  For example, on a monthly basis ERCOT could calculate the average price for all DASPP ERCOT345BUS (see below) for the previous month and divide this by the average of FIP for the same period to estimate a Proxy Heat Rate.  That is, the value of H could be determined as follow:
Post Nodal
H m
=  
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Where
m = month
d= day 

h = hour

DASPP = DASPP ERCOT345BUS
If the value of H is calculated quarterly or annually utilizing ERCOT-Wide Hub prices, the calculations would be similar except with a different time period.
Pre Nodal

Prior to the implementation of the Nodal market, the value of H could be determined by utilizing the ERCOT Hub Average divided by the average of FIP for a particular period as described in the previous paragraph.  That is, ERCOT could calculate H on a monthly basis, quarterly, seasonally or annually.  

Table 6 below provides a summary of Implied Heat Rates that could be used to establish the proxy Heat Rate (H) under the modified solution for NPRR168.  ERCOT calculated these proxy Heat Rate values by dividing the ERCOT Hub Average by the average fuel prices for the period.
Table 6

Proxy Heat Rates (H)
	Month


	Proxy Heat Rate (All Hours)
(MMBtu/MWh)
	Proxy Heat Rate (On-Peak)
(MMBtu/MWh)
	Proxy Heat Rate (Off-Peak)
(MMBtu/MWh)

	August 08
	9.81
	11.29
	6.21

	December 08
	7.11
	7.85
	5.31

	March 09
	7.55
	8.25
	5.7


In addition to the Heat Rate study, ERCOT conducted an analysis over a three month period to evaluate the time of day when Resources were procured for RPRS.  The goal was to ascertain whether the market should adapt an on-peak or an off-peak (hours ending 1-6, HE 23 and HE 24) price for calculating the value of H.  RPRS deployments were chosen as the “best” proxy for when Resources would be procured for RUC in the Nodal market.  To this end, it appears from the data shown in Figure 1 through Figure 3 that during the summer month (August) most Resources were procured for hours between 14 and 20.  In particularly, slow ramping Resources such as Gas Steam Non Reheat (GSNONR) Resources require several ramping hours prior to the RPRS deployments, which clearly occurred during on-peak hours.  During the winter month (December) more Resources were procured to start between hours 5 and 10; but this would not be a problem for Simple Cycle Units which require no significant ramping time.  For Resources procured during the winter month, more needed to begin ramping during the off-peak hours.  Finally, during spring time (March), most slow ramping Resources were procured to start between hours 8 and 13 and Simple Cycle units between hours 5 and 8.  
Based on this analysis, if the proxy Heat Rates shown in Table 6 above are a good representation across all months of the year, a Heat Rate value in the range of 9 and 10 seems reasonable for the summer months and a value between 5 and 7 may be more appropriate for the winter and spring months.
Figure 1

[image: image10.png]60

August 2008 RPRS Deployments
(# of Instructions per Hour)

50

40

30

20

10

123456 7 8 9101112131415161718192021222324

Hour of Day

W GSNONR
M GSREH
= SCLE9O





Figure 2
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Figure 3
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The following is an update based on VCWG Recommendations 
Some members of the VCWG argued during the May 14 meeting that the RPRS is not a good proxy for determining ramping hours since the majority of non-baseload Resources will be offered into the DAM and must operate in Real Time to receive a DAM Make-Whole payment.  If the proxy Heat Rate is calculated using on-peak prices it would reduce the DAM Make-Whole payment amounts, although these units would be ramping during the off peak hours.

To demonstrate when ramping occurs during the Operating Day as a result of generators coming online we plotted the total number of Resources generating during each hour during an entire month as shown in Figures 4-6 below.  Clearly, there is a ramp up that occurs in the morning roughly from hours 7 - 14, thus the generation must startup earlier to be available for this ramp.  One can hypothesize that a majority of the generation must begin their startup process for this ramp somewhere around hours 4- 6; hence this is the reason some market participants argue that the proxy Heat Rate should be calculated using off-peak prices.
Figure 4
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Figure 5
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Figure 6
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