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� Please submit questions to host.   If it is a long 
question � you can type a summary until we are 
available to discuss

� We will break throughout the presentation for 
additional questions and discussion on the phone

3



�������

������� �������

4

� Primary audience is the 
MWG members that will 
be making design 
decision

� Secondary audience is 
Participant and Staff 
education about Future 
Markets
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NE and PJM
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Feb 2nd

Market Structure
Product to be Offered
Resources

Feb 9th

Registration
Resource Qualification
Market Timeline

Feb 23rd

Market Functions I

March 2nd

Market Functions II

March 9th

Energy Transactions

March 23rd

Make Whole Payment
Market Mitigation
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June 1st

Reserve Sharing

June 8th

Credit

June 22nd

Market to Market

June 29th

Losses
Demand Curves
Scarcity Pricing
Opportunity costs

July 6th

Technical
Business Continuity
Other

July 13th

Congestion Hedging
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� Seams Management � Market to Market

� Is there a need to share real time flowgate information 
between SPP and other Markets

� Does new enlarged seam with MISO present 
opportunities
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� Has agreements in place to manage overloading

� Both market to non-market (MISO) and non-market to non-market 
with other seams

� TLR to relieve scheduled and market flow

� Before Nebraska we had small seam that was actually market (MISO) �
this limited the usefulness of a market to market seams agreement
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� Pnodes at the seams should theoretically be the same price in both markets

� If they are not it leads to an arbitrage opportuni ty and incents improper 
behavior with no value to either market‘
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Any interregional Coordination Process should ensure:

� Appropriate LMP Values at the Market Borders

� Joint Management of Transmission Constraints near the market borders

� Provide more efficient and less cost transmission congestion 
management
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� Set up procedures to allow any transmission constraints that are significantly impacted by 
generation dispatch changes in both markets to be jointly managed in the security-
constrained economic dispatch models of both RTOs.

� Allows lowest cost solution to relieve congestion on shared flowgates
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Real-Time Energy Market Coordination:

� RT Market is the primary focus of the market to market coordination

� Manage transmission limitations that occur on the Reciprocal Coordinated 
Flowgates (RCFs) in a more cost effective manner

� More efficient economic dispatch solution across both markets to manage the 
RT transmission constraints that impact both markets, focusing on the actual 
flows in RT to manage constraints

� Flow entitlements on the RCFs do not impact the physical dispatch

� Flow entitlements are used in market settlements to ensure appropriate 
compensation based on comparison of the actual market flows to the flow 
entitlements

RCFs - Coordinated Flowgates that are used by a Reciprocating Entity
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� The RTOs will exchange topology information to ensure that their respective market 
software is consistent 

� When any of the RCFs under a Monitoring RTOs control is identified as a possible 
transmission constraint, the Monitoring RTO will enter the RCF into its security-
constrained  dispatch software, setting the flow limit equal to the appropriate facility rating 

� The Monitoring RTO will then notify the Non-Monitoring RTO of the transmission 
constraint violation and will identify the appropriate RCF that requires mitigation 

� The Non-Monitoring RTO will enter the RCF into its security-constrained dispatch 
software, setting the flow limit equal to its current market flow on the RCF 

� When the RCF first becomes a binding transmission constraint in the Monitoring RTOs 
Real-Time security-constrained economic dispatch, the Monitoring RTO will transmit the 
following information to the Non-Monitoring RTO: 

� Constraint Shadow Price ($/MW) - Output of the RTOs Real-Time market software 

� Current market flow contribution by the Monitoring RTO on RCF (MW) - Output of the 
Real-Time market software 

� Amount of MWs requested to be reduced from the current market flow of the Non-
Monitoring RTO.  This number will change throughout the iterative process to 
efficiently resolve constraints 
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� The Non-Monitoring RTO will then transmit the following information to the 
Monitoring RTO: 

� Constraint Shadow Price ($/MW) - Output of the RTOs Real-Time market 
software 

� Current market flow contribution by the Non-Monitoring RTO on RCF 
(MW) - Output of the RTOs Real-Time market software 

� The Monitoring RTO will then compare the constraint shadow price information 
received from the Non-Monitoring RTO to its own constraint control information 
to determine the most economical way to manage the transmission constraint

� If required, the Monitoring RTO may request the Non-Monitoring RTO to 
perform a study to determine additional constraint shadow price information for 
a requested additional amount of Flow Relief from the Non-Monitoring RTO 
economic dispatch 

� Over the next several dispatch cycles the Monitoring RTO may request the 
Non-Monitoring RTO to adjust its flow limit either up or down. The Monitoring 
RTO will make corresponding changes to its own dispatch with the intent to 
equalize the constraint shadow prices in the two RTOs 
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� Throughout the period that the transmission constraint violation exists, the 
RTOs will continue to share the flow and constraint shadow price information 
that is described above. The purpose of these data exchanges will be to 
maintain the shadow price coordination over time and to retain the pertinent 
data for Market Settlements 

� Periodically, the Monitoring RTO will review the constraint shadow price 
comparison and will make adjustments, as necessary, and will communicate 
any such adjustments to the Non-Monitoring RTO 

� The start and stop times for such Constrained Operation events involving 
RCFs will be logged for Market Settlements purposes 
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� The Market Settlements under the coordinated congestion management will be performed 
based on the Real-Time market flow contribution on the transmission flowgate from the 
Non- Monitoring RTO as compared to its flow entitlement 

� These payments will be calculated on an hourly-integrated basis 

� If the Real-Time market flow is GREATER than the flow entitlement plus the Approved 
MW adjustment from Day Ahead Coordination, then the Non-Monitoring RTO will pay the 
Monitoring RTO for congestion relief provided to sustain the higher level of Real-Time 
market flow 

� This payment will be calculated based on the following equation:

� Payment = (Real-Time Market Flow MW � (Firm Flow Ent itlement MW + Approved 
MW)) * Transmission Constraint Shadow Price in Monitoring RTOs Dispatch Solution 

� If the Real-Time market flow is LESS than the flow entitlement plus the Approved MW 
adjustment from Day Ahead Coordination, then the Monitoring RTO will pay the Non-
Monitoring RTO for congestion relief provided at level below the flow entitlement

� This payment will be calculated based on the following equation:

� Payment = ((Firm Flow Entitlement MW + Approved MW) � Real-Time Market 
FlowMW) * Transmission Constraint Shadow Price in Non-Monitoring RTOs Dispatch 
Solution 
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� The following example illustrates the Real-Time coordination of a RCF, 
specifically describing the following five stages: 

� Stage 1: Initial Conditions & Energy Prices at Border 

� Stage 2: Transmission Constraint Initialization & Energy Prices at Border

� Stage 3: First Coordinated Interregional RTO Dispatch Cycle (Constraint 
Binds in Monitoring RTO) & Energy Prices at Border 

� Stage 4: First Coordinated Interregional RTO Dispatch Cycle (Constraint 
Binds in Non-Monitoring RTO) & Energy Prices at Border 

� Stage 5: Ongoing Coordinated Dispatch Cycles 
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� RTO A is the Non-Monitoring RTO, its system marginal price is $35/MWh 

� RTO B is the Monitoring RTO, its system marginal price is $40/MWh 

� Generator 1 is on-line and dispatched to full output, its dispatchable range is 100 MW  

� Generator 2 and 3 are both off-line, they are both 20 MW quick start CTs

� RCF A has a limit of 100 MW with the actual flow at 95 MW 

� The proxy bus prices will be calculated for each stage of the congestion management 
example 

� These examples illustrate that the proxy bus prices will move in the same direction as 
the constrained bus prices when the RCF is binding in both RTO security-constrained 
economic dispatches 

� The LMPs throughout both RTOs are equal to their System Marginal Price so long as 
the RTOs are unconstrained 
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Stage 1 Example:
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� The RTO B (Monitoring RTO) dispatch software is projecting that the flow on Flowgate A 
is increasing and that 9 MW of flow relief will be required 

� The security- constrained dispatch solution for RTO B results in both Generator 2 and 
Generator 3 being dispatched 

� The system marginal price for RTO B remains at $40/MWh 

� Generator 2 is the most cost effective unit to control the constraint 
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� The proxy bus price for RTO A as calculated by RTO B will include the impact of the 
constraint on Flowgate A

� Since the constraint is not binding in RTO A in Stage 2, the proxy price for RTO B as 
calculated by RTO A will remain at the system marginal price of RTO A  

� Since the proxy bus prices for each RTO reflect the value of imports or exports from the 
neighboring RTO, these proxy prices will be set by the system marginal price in the RTO 
that is calculating the proxy price

� The Flowgate A constraint shadow price for RTO B will be equal to: 

� (Gen 2 Offer Price � System Marginal Price for RTO B )/(Generator 2 DFAX on 
Constraint) ($60/MWh-$40/MWh) /-0.20 = -$100/MW of Flow Relief 

� The LMP for Gen 2 will be: 

� System Marginal Price for RTO B + (Gen 2 DFAX)(RTO B Shadow Price) 
$40/MWh + (-.2)(-$100/MWh flow relief) = $60/MWh 

� The LMP for Gen 3 will be: 

� System Marginal Price for RTO B + (Gen 3 DFAX)(RTO A Shadow Price) 
$40/MWh + (-.3)(-$100/MWh flow relief) = $70/MWh  
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Constraint Binds in Monitoring RTO

� RTO B notifies RTO A of the transmission constraint Condition on Flowgate A 

� RTO A enters the constraint into its security-constrained dispatch software with 
the current flow equal to the limit 

� The current flow equals 35 MW in this case 

� Since RTO A�s load is growing, the constraint binds 

� Assume Firm Flow is 40 MW 

� Flowgate A constraint shadow price for RTO A will be equal to: 

� (Gen 1 Offer Price � System Marginal Price for RTO A )/(Gen 1 DFAX on 
Constraint) ($20/MWh-$35/MWh) /0.30 = -$50/MW of Flow Relief 

� The LMP for Gen 1 will be: 

� System Marginal Price for RTO A + (Gen 1 DFAX)(RTO A Shadow Price) 
$35/MWh + (.3)(-$50/MWh flow relief) = $20/MWh 
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� The proxy bus price for RTO A as calculated by RTO B, will include the impact 
of the constraint on Flowgate A 

� Since the constraint is now binding in RTO A in stage 3, the proxy price for 
RTO B as calculated by RTO A will include impact of the constraint on 
Flowgate A 

� RTO A�s Proxy price for RTO A is as follows: 

� System Marginal Price for RTO A + (Proxy bus DFAX)(Shadow Price) 
$35/MWh + (-.3)(-$50/MWh flow relief) = $50/MWh 
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