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Background and outline

AEuropean market integration

- Target model

AEnergy only regional markets
AMarket coupling between regional markets

Al ocational pricing variants

- Nodal pricing - Benchmark
- Zonal pricing 7 Available Transfer Capacity (ATC) model
- Zonal pricing T Flow-based Market Coupling (FBMC) model

AExamples
AConclusions
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Figure 4.1 — Day-ahead transmission capacity allocations across Europe (updated June 2007)



Towards the Single European Market: Next Steps

[ ] Markets included in PCR

- Markets associate members of PCR !%

I:I Markets that could join next as
part of an agreed European roadmap
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NETWORK DATA AND BALANCE CONSTRAINTS

The energy balance concept is defined as: The global supply minus the losses must be
equal to the global demand of all markets involved. Depending on the manner the
interconnections are modeled, there are the following:

+ ATC network model: The network is described as a set of lines interconnecting
bidding areas. The nomination of the line can be made up to its Available Transfer
Capacity (ATC)

 Flow-based network model: Also known as PTDF model, with all bidding areas
connected in a meshed network. It expresses the constraints arising from Kirchhoff's
laws and physical elements of the network in the different contingency scenarios

considered by the TSOs. It translates into linear constraints on the net positions of the
different bidding areas

* Hybrid network model: Some bidding areas are connected using the Flow-based
network model; the remaining using the ATC network model

PCR

PRICE COUPLING OF REGIOME
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Locational pricing variants

Nodal FB model Zonal FB model
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Nodal pricing
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Nodal pricing T flow-based model
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Zonal pricing i ATC market coupling model
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Nodal pricing versus ATC zonal pricing

Alf adding individual link capacities to set ATC
- The model is a relaxation of the nodal price model
- Will typically result in infeasible solutions

ARestrictions are added, i.e., ATC capacities are lower
ATrade-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 1T Generation shift keys (GSKSs)

A A GSK givesthe changein netinjection at a noderelativeto a changein the net
positionof thezoneit belonggso

Als determinedeforemarketclearing,but cannotbe knownaccuratelyuntil after

ATSOs calculate GSKs by using a Base Case, anticipating grid topology, net
positions andcorrespondingowerflows for eachhourof theday of delivery

AWe defineGSKsasthe nodalweightof the netpositionwithin eachzone
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AThe GSKs cannot be defined in a balanced pricing area, i.e. where
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FBMC 1 Zonal PTDFs

ATSOsuseGSKsandnodal PTDF matricesto calculatezonal PTDF
matrices

AZonal PTDF matricesare usedto estimatethe influenceof the net
positionof anyzoneonthelinesin the FBMC model

anoRRQ &N oW fM an b

anofQanoQ@noQQ

Aln the nodal model physicallimitations are typically appliedto the
whole network

Aln the FBMC model physical restrictions are imposed on the
selectecritical branchegCBs)
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FBMC 1 Critical branches (CBs)

AA CB is a transmissionine that is significantly impactedby
crossbordertrading

- In CWE a transmissionline is critical if its maximum zoneto-zone
PTDFis largerthanafixed thresholdvalue

AThe TSOs publish CBs and their correspondingRemaining
Available Margin (RAM) beforemarketclearing
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FBMC I Remaining Available Margin (RAM)

AThe RAM is the line capacitythat can be usedby the day-
aheadnarket,andis calculatedas

I 0a OO0
Awherecap is thethermalcapacitylimit andF,dincludes

- flows causedby transactionsoutside the day-aheadmarket, e.q. re-
dispatchingbilateraltrades forward marketé

- anadjustmentvaluebasedon TSOknowledgeand

- asafetymarginthatis neededo compensatéor the approximationsand
simplificationsmadeby the FBMC model

AFor simplicity we assumei @& @
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Zonal pricing T Flow based market coupling NAH
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Nodal pricing versus FBMC

Alf the base case that defines the GSKs is feasible in the nodal
model, it is also feasible in the FBMC model

Alf 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 1 s
nodal price solution

AThe FBMC solution might not be feasible in the original
problem, implying a need for re-dispatching
AA 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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Nodal ptdfs
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Zonal ptdfs:
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Example: 3 nodes - Constraints

z2 | Q,

40 w

1 70 3
4 NN,

Nodal model:
40 20,+i03 40
40 10,+ 203 40

1x 1~
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Zonal ATC model:
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Feasible area
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