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• One of the most crucial seams issues involves addressing how RTOs’ 
generation dispatch affects the power flows on each others’ systems.
 These “loop flows” raise serious economic and reliability concerns.
 The market-to-market (M2M) coordination under MISO’s Joint 

Operating Agreements (JOAs) with PJM and SPP address these 
concerns.

• M2M provisions do a number of essential things, including:  
 Specifying economic rights and settlements for each RTO related to the 

flows they create on their neighbor’s system. 
 Establishing a process to coordinate the dispatch of the resources in both 

areas that affect the same transmission constraint.

• The JOAs have been in place for years and no substantial revisions have 
been made to improve their performance.

• This study evaluates key aspects of the process.

Background on M2M Coordination



-3-© 2020 Potomac Economics

The coordination process includes:

i. Identifying constraints that are affected by both RTOs by performing 
tests specified in the JOA – these are designated as M2M constraints.

ii. Coordinating the congestion management of any M2M constraint that 
is binding on a 5-minute basis.  The RTOs coordinate by:

a. The monitoring RTO (MRTO) providing the cost of managing the 
constraint (a.k.a., the “shadow price”) and a requested quantity of 
flow relief from the non-monitoring RTO (NMRTO).

b. The NMRTO activates the constraint in its 5-minute dispatch to 
provide the requested relief up to the MRTO’s shadow price.

c. Information is updated and exchanged every 5 minutes.

iii. The RTOs settle with each other based on whether the NMRTO’s 
flows are higher or lower than its Firm Flow Entitlement (FFE) level.

Background on M2M Coordination
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• This study evaluates the effectiveness and efficiency of market-to-
market congestion management along the MISO-SPP seam.  

• The primary areas of focus in the study: 

 Effectiveness of Testing and Activation Processes,

 Evaluation of Relief Request Software, and 

 Potential Improvements to Testing Criteria.

• The study will also identify key implementation differences that 
impact market-to-market coordination, such as:

 The use of generation shift factor cutoffs, and

 Modeling of M2M constraints in the day-ahead market.

• The following figures summarize our initial draft results.

Study Overview
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Market-to-Market Testing Process Overview

• The first step in the market-to-market process is the MRTO requesting that the 
NMRTO perform coordination testing on a flowgate.  There are two main tests:
 Any NMRTO generator with a shift factor exceeding 5 percent.

 NMRTO market flows exceeding 25 percent of the total flow.

• Flowgates passing either of these tests qualify for market-to-market coordination.

• Once defined as a coordinated flowgate, the MRTO should activate market-to-
market coordination whenever physical flow nears its limit.

Inefficiencies in M2M Administration

• Testing Failure: Not requesting that the NMRTO perform a test.

• Testing Delay: Not testing or defining a constraint as a coordinated flowgate until 
after binding in the market.

• Activation Delay:  Not initiating M2M coordination on a coordinated flowgate or 
initiating coordination with a delay.

Effectiveness of Testing and Activation
Overview
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• Testing failures occur on any transmission constraint never defined as 
M2M, but sharing the same monitored element with a M2M constraint.
 This will tend to miss some non-M2M constraints, but was necessary 

because we were unable to obtain data on SPP non-M2M constraints.

• Testing delay is total congestion that accrued on the constraint prior to the 
coordination start date.
 The coordination start date for any M2M constraint is defined as the first 

market interval that flowgate was coordinated.

• Activation delay is the total congestion on any M2M constraint that is 
binding, but not being coordinated.

• The estimate of the congestion reduction is based on the observed shadow 
price reductions on the monitored element when coordinated under M2M.

• Note:  Lacking SPP non-M2M flow data, we estimated congestion as the 
product of shadow price and M2M flow on the monitored element. 

Effectiveness of Testing and Activation
Methods and Data
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• We estimate that congestion would fall by $35 million annually if the M2M 
processes were administered perfectly.

• Testing failure values have fallen significantly as processes have improved.
• Results indicate significant room for improvement in the testing delay and 

activation delay areas, which could be accelerated.

Effectiveness of Testing and Activation
Summary Results

$ Share $ Share $ Share $ Share
Congestion Value on M2M Monitored Elements ($millions/yr)

MISO $24.37 8.3% $25.16 8.5% $11.06 3.8% $60.59 20.5%
SPP $22.57 3.8% $57.28 9.6% $43.73 7.3% $123.58 20.7%
Combined $46.94 5.3% $82.43 9.2% $54.79 6.1% $184.17 20.6%

Estimated Congestion Reduction with M2M Coordination ($millions/yr)
MISO $5.95 2.0% $8.13 2.8% $1.25 0.4% $15.33 5.2%
SPP $6.02 1.0% $9.73 1.6% $4.07 0.7% $19.81 3.3%
Combined $11.97 1.3% $17.85 2.0% $5.32 0.6% $35.15 3.9%

Testing Failure Testing Delay Activation Delay Total
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Relief Request Software
• Software determines how much relief the MRTO requests from the NMRTO.
• Consists of three main factors:

 How much current flow exceeds the physical constraint limit
 How much relief the NMRTO has already provided
 An adjustable adder that scales from 0 to 10 percent of the constraint limit

– All RTOs use a 10 percent default but can set constraint-specific values 
Shortcomings
• Shadow price difference (difference in the cost of providing additional relief) 

is not considered in the formula.
• Setting a high adjustable adder can cause shadow price oscillations when fast-

moving wind resources provide a large share of NMRTO relief
• Using a low adjustable adder can limit shadow price convergence

Evaluation of Relief Request Software
Overview
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• This figure shows shadow price convergence on MISO and SPP flowgates.
 Convergence tends to be much worse at higher shadow price levels where the 

benefits of improved relief requests would be the largest.
 Many SPP flowgates are below the dotted line indicating a lower shadow 

price in MISO and convergence opportunity with an increased relief request.

Evaluation of Relief Request Software
Convergence Analysis
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Methods:
• Determine the optimal shadow price and relief request for coordinated constraints

 Build ramp-constrained transmission constraint supply curves for SPP and MISO
 Determine aggregated constraint relief demand
 Find intersection of demand and supply

• Calculate the impact to congestion and production cost benefits
• Evaluate price convergence and oscillation metrics
Data Limitations:
• Lacking SPP participant offer data required us to estimate SPP generator costs and 

physical parameters (dispatch limits and ramp rates). 
 Physical parameter estimates were inferred using data from MISO’s state 

estimation cases.
 Cost estimates used class average heat rates and index prices of liquid 

fuel delivery points within the SPP footprint.

Evaluation of Relief Request Software
Methods and Data
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• The following figure shows the effects of optimizing the relief requested 
from the NMRTO on individual constraints.
 Optimal relief requests allow the RTOs to utilize the lowest-cost relief 

available from the MRTO and NMRTO.

• Figure shows large reductions in congestion are possible on many 
constraints by improving the relief requested.
 Consistent with intuition, the largest reductions accrue on constraints 

where the shadow price spreads are the greatest.

• The final report will estimate:
 The total potential congestion reduction on all M2M constraints; and
 The production costs savings that result from the improvement in 

congestion management.

Evaluation of Relief Request Software
Optimal Relief Effects
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Evaluation of Relief Request Software
Optimal Relief Effects
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• Since the RTOs can only handle a limited number of M2M constraints, it is key to 
identify the best constraints to coordinate (to maximize the M2M benefits).

• The current testing criteria focuses on shift factors and market flows.  A non-M2M 
will pass the tests to be a M2M constraint if:
 Any NMRTO generator has a shift factor that exceeds 5 percent; or 
 The NMRTO market flows exceed 25 percent of the total flow.

• The single generator test is questionable because it ignores the size and economics 
of the unit – this test does not assure that the NMRTO has any economic relief.

• A better question is:  could the NMRTO provide significant economic assistance in 
managing the transmission congestion.
 A more effective criteria would be based upon relief capability.

• The following figure shows the portion of the economic relief on the current 
M2M constraint available from each RTO.
 This figure shows the portion of the total relief and the available economic relief 

that is held by the MRTO.
 When both percentages are very high, M2M coordination may not be warranted.

Improvements to Testing Criteria
Overview
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• SPP in general has a greater share of relief on its flowgates than MISO
 MISO has a very small portion of the economic relief on a number of SPP’s 

M2M constraints – suggesting a need for better testing criteria.
• MISO generally has a higher share of economic relief than SPP.

Evaluation of Testing Criteria:
Distribution of Relief Capability
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• We will estimate alternative testing criteria to support recommended 
improvements for the RTOs.

• We will evaluate two additional issues related to the M2M coordintation:
 GSF Cutoff Differences: 

– MISO employs a 1.5% generation shift factor cutoff in its dispatch
– SPP has no such cutoff which provides more options for congestion 

management.
– This can affect the efficiency of the coordination and the settlements.

 Day-Ahead Modeling of M2M Constraints:
– MISO attempt to limit flows on SPP's constraints in its day-ahead market
– SPP does not limit to its FFE on MISO’s M2M constraints in its day-

ahead market.
– This can result in higher real-time management costs or funding problems 

in SPP.

Next Steps and Other Issues
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