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Background and outline

ÅEuropean market integration

- Target model

ÅEnergy only regional markets

ÅMarket coupling between regional markets

ÅLocational pricing variants

- Nodal pricing - Benchmark

- Zonal pricing ïAvailable Transfer Capacity (ATC) model

- Zonal pricing ïFlow-based Market Coupling (FBMC) model

ÅExamples

ÅConclusions
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PJM ï51 mill people/max load 145 000 MW/730 TWh/650 members/8700 nodes
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Literature ïFlow-based market coupling

ÅAmprion et al. (2011, 2013, 2014)

ÅAguado et al. (2012)

Åde Maere dôAertryckeand Smeers (2013)

ÅMarien et al. (2013)

ÅBoury (2015)

ÅVan den Bergh et al. (2016)

ÅNordeng (2016)
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Locational pricing variants
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Nodal pricing
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Nodal pricing ïflow-based model
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Zonal pricing ïATC market coupling model
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Nodal pricing versus ATC zonal pricing

ÅIf adding individual link capacities to set ATC

- The model is a relaxation of the nodal price model

- Will typically result in infeasible solutions

ÅRestrictions are added, i.e., ATC capacities are lower

ÅTrade-off

- Too loose restrictions lead to costly re-dispatch

- Too tight restrictions lead to too constrained market clearing

- Nord Pool last 15-20 years
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FBMC ïGeneration shift keys (GSKs)

ÅA GSK givesthe changein net injection at a noderelativeto a changein the net

positionof thezoneit belongsto

ÅIs determinedbeforemarketclearing,butcannotbeknownaccuratelyuntil after

ÅTSOs calculateGSKs by using a Base Case,anticipating grid topology, net

positions,andcorrespondingpowerflows for eachhourof thedayof delivery

ÅWedefineGSKsasthenodalweightof thenetpositionwithin eachzone:

ÅThe GSKs cannot be defined in a balanced pricing area, i.e. where
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FBMC ïZonal PTDFs

ÅTSOsuseGSKsandnodalPTDF matricesto calculatezonalPTDF

matrices

ÅZonal PTDF matricesare usedto estimatethe influenceof the net

positionof anyzoneon thelinesin theFBMC model

ÅIn the nodalmodelphysicallimitations are typically appliedto the

wholenetwork

ÅIn the FBMC model physical restrictions are imposed on the

selectedcritical branches(CBs)
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FBMC ïCritical branches (CBs)

ÅA CB is a transmissionline that is significantly impactedby

cross-bordertrading

- In CWE a transmissionline is critical if its maximum zone-to-zone

PTDFis largerthana fixed thresholdvalue

ÅThe TSOs publish CBs and their correspondingRemaining

AvailableMargin (RAM) beforemarketclearing
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FBMC ïRemaining Available Margin (RAM)

ÅThe RAM is the line capacitythat can be usedby the day-

aheadmarket,andis calculatedas

Åwherecapl is thethermalcapacitylimit andFlôincludes:

- flows causedby transactionsoutside the day-aheadmarket, e.g. re-

dispatching,bilateraltrades,forwardmarket,é

- anadjustmentvaluebasedonTSOknowledge,and

- a safetymarginthat is neededto compensatefor theapproximationsand

simplificationsmadeby theFBMC model

ÅForsimplicity weassume
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Zonal pricing ïFlow based market coupling 

(FBMC)
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Nodal pricing versus FBMC

ÅIf the base case that defines the GSKs is feasible in the nodal 

model, it is also feasible in the FBMC model

ÅIf the optimal nodal price solution is used to set GSKs, then 

the optimal nodal price solution is feasible in FBMC and the 

objective function value is Ó the objective function value of the 

nodal price solution

ÅThe FBMC solution might not be feasible in the original 

problem, implying a need for re-dispatching

ÅA lot of discretion

- Generation shift keys, GSKs

- Critical branches, CBs

- Capacity on critical branches, RAM
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Example: 3 nodes
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Example: 3 nodes - Constraints
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Zonal ATC model: 
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Feasible area
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