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Note :  this document is an update of the CWE FB MC approval pac k-

age  version 4.1, dated 11 April 2019 .  

 

The main changes compared to the version 4.1 are the following :  

 

1. Introduction of the ALEGrO-cable in CWE FB capacity calcul a-

tion :  detailing how the ALEGrO HVDC between Amprion and 

Elia will be included in the CWE FBMC   

2. Evolved Flow -based : describing the methodlogy used for 

HVDC borders between two Bidding Zones  

3. Extended LTA inclusion : explaining the updated methodology 

for LTA inclu sion to  keep the same  precision and improve pe r-

formance.  

4. CEP MinRAM calculation methods : detailing how each TSO cal-

culat es min inimum levels of available capacity for cross -zonal 

trade according to Regulation (EU) 2019/943 of 5 June 2019 

on the internal mar ket for electricity (one of the regulations of 

the Clean Energy Package) . 

5. Removal of the intuitive ness  patch : switch from Flow -Based 

intuitive to Flow -Based based  plain .   
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1  Management summary   

The purpose of this  updated approval document is to provide all 

Regulators of the CWE region with complete and up - to -date info r-

mation regarding the applied solution of the CWE Flow B ased 

Marked Coupling (FB  MC).  

 

This document constitutes an update of the approval document da t-

ed 11 April 201 9, now including :  

1. Introduction of the ALEGrO -cable in CWE FB capacity calcul a-

tion: detailing how the ALEGrO HVD C between Amprion and 

Elia will be included in the CWE FBMC  

2. Evolved Flow -based: describing the methodlogy used for 

HVDC borders between two Bidding Zones  

3. Extended LTA inclusion: explaining the updated methodology 

for LTA inclusion to remain precision and improve perfo r-

mance.  

4. CEP MinRAM calculation methods : detailing how each member 

state calculates minRAM according to the CEP.  

5. Removal of the i ntuitive ness  patch : switch from Flow -Based 

intuitive to Flow -Based based  plain . 

For the sake of consistency all provisions reflected in this document 

are without prejudice to further methodologies and proposals, which  

will be implemented as required by Commission Regulation (EU) 

2015/1222 (CACM)  or Regulation (EU) 2019/943 .  

 

The CWE Market Coupling Solution  

The specific CWE Flow Based Market Coupling solution is a regional 

part of the Single Day Ahead Coupling (SDAC) .  

During the daily operation of Market Coupling  the available capacity 

( final Flow Based param eters including the Criti cal Network El e-

ments  and the PTDF -mat rix) will be published at 10:30.  Market Par-
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3  General principles of Market Coupling   

1.1.  General principle of Market Coupling  

Market Coupling is both a mechanism for matching orders on Nom i-

nated Electricity Market Operators (NEMOs) and an implicit capacity 

allocation mechanism. Market Coupling optimizes the economic eff i-

ciency of the coupled markets: all profitable deals resulting from the 

matching of bids and offers in the coupled hubs of the NEMOs are 

executed subject to sufficie nt Cross -Zonal Capacity (CZC) being 

made available for day -ahead implicit allocation; matching results 

are subject indeed to capacity constraints calculated by Transmi s-

sion System Operators (TSOs) which may limit the exchanges b e-

tween the coupled markets.  

 

Market prices and Net Positions of the connected markets are simu l-

taneously determined with the use of the available capacity defined 

by the TSOs. The transmission capacity made available to the Ma r-

ket Coupling is thereby efficiently and implicitly alloca ted. If no 

transmission capacity constraint is active, then there is no price di f-

ference between the markets. If one or more transmission capacity 

constraints are active, a price difference between markets will o c-

cur.  

 

1.2.  Day - Ahead Flow Based Market Coupling  

Market Coupling relies on the principle that when markets with the 

lowest prices export electricity to markets with the highest prices, 

there is day -ahead market welfare created by these exchanges. The 

Market Coupling algorithm (described later on in the d ocument) will 

optimize the day -ahead market welfare for the whole region, based 

on the capacity constraints ( Flow Based capacity parameters; i n-

cluding the Critical Network Elements  and the PTDF -matrix) and the 
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Figure 3 - 1 :  Representation of Market Coupling for two markets, no congestion.  

 

 

Insufficient margin, no price convergence  

Another situation illustrated in Figure 3 - 2  happens when the capacity 

margin is not sufficient to ensure price convergence between the 

two markets. The amount of electricity exchanged between the two 

markets it then equal to the margin (or remaining capacity) on the 

active (or limiting)  constra int, divided by the difference in flow fa c-

tors (PTDFs) of the two markets.  

The prices PA* and PB* are given by the intersection of the pu r-

chase and sale curves. Exported electricity is bought in the export 

area at a price of PA* and is sold in the import a rea at a price of 

PB*. The difference between the two prices multiplied by the e x-

changed volume between the two markets (bidding zones) is the 

congestion revenue.  
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cilitates a consistent transition from ATC to FB as well. Indeed, the 

Critical Network Elements  that were  applied within  the 16 corner 

check, boiled down to relevant sets based on the operational ATC 

experience. The experienced gained in ATC operations therefore a l-

ready provided a relevant set of initial Critical Network Elements  for 

FB operations.  

 

This set has then been updated according to the following process:  

 

A set of PTDFs is associated to every CNEC after each  Flow Based 

parameter calculation , and  gives the influence of the net position of 

any bidding zone on the CNEC. If the PTDF = 0.1, this means the 

concerned hu b has 10% influence on the CNEC, meaning that 1 MW 

in change of net position of the hub leads to 0.1 MW change in flow 

on the CNEC. A CNE or CNEC is NOT  a set of PTDF. A CNEC is a 

technical input that one TSO integrates at each step  of the capacity 

calcula tion process in order to respect security of supply policies.  

CNE selection process is therefore made on a daily basis by each 

TSO, who check the adequacy of their constraints with respect to 

operational conditions. The so -called flow based parameters are 

NOT the Critical Network Elements , they are an output of the capa c-

ity calculation associated to a CNE or CNEC at the end of the TSO 

operational process. As a consequence, when a TSO first considers a 

CNEC as a necess ary input for its daily operational capacity calcul a-

tion process, it does not know, initially, what the associated PTDF s 

are.  

A CNE is considered to be significantly impacted by CWE cross -

border trade, if its maximum CWE zone - to -zone PTDF is larger than 

a threshold value  that is currently set at 5% . 

This current threshold has been set following security assessments 

performed by TSOs, by the iterative process described below:  
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Belgian GSK:  

Elia will use in its GSK all flexible and controllable production units 

which are available inside the Elia grid (whether they are running or 

not). Units unavailable due to outage or maintenance are not i n-

cluded.  

The GSK is tuned in such a way that for high levels of import into 

the Belgian hub all units are, at the same time, either at 0 MW or at 

Pmin (including a margin for reserves) depending on whether the 

units have to run or not (specifically for instance for  delivery of pr i-

mary or secondary reserves). For high levels of export from the 

Belgian hub all units are at Pmax (including a margin for reserves) 

at the same time.  

 

After producing the GSK, Elia will adjust production levels in all 24 

hour D2CF to match  the linearised level of production to the ex-

change programs of the reference day  as illustrated in the figure 4 -

1.  
 

 

Figure 4 - 1 : Belgian GSK.  

 

French GSK:  

Max exportMax import 0

Pmax

Pmin
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For matter of clarification, w e remind here that for each CNE (or 

CNEC for the N -1 cases), the FRM campaign leads to one single FRM 

value which then will be a fixed parameter in the CNE definition. 

FRM is not a variable parameter.  

However, since FRM values are a model of the uncertain ties against 

which TSOs need to hedge, and considering the constantly changing 

environment in which TSOs are operating, and the statistical a d-

vantages of building up a larger sample, the very nature of FRM 

computation implies regular re -assessment of FRM v alues. Cons e-

quently, TSOs consider recomputing  FRM values, following the same 

principles but using updated input data, on a regular basis, at least 

once per year.  

 

The general FRM computation process can then be summarized by 

the following figure:  

 

 

 

Step  1:  elaboration of statistical distributions, for all Critical Ne t-

work Elements , in N and N -1 situations.  

Step 2:  computation of theoretical (or reference) FRM by applying 

of a risk level on the statistical distributions.  
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Step 3:  Validation and potentially  operational adjustment. The o p-

erational adjustment is meant to be used sporadically, only once per 

CNE, and systematically justified and documented.  

CWE TSOs intend a regular update, at least once a year, of the FRM 

values using the same principles.  Exceptional events 9 may trigger 

an accelerated FRM re -assessment in a shorter time frame, but in 

all cases one should keep in mi nd that for  statistical representativ e-

ness, the new context integrate d into new FRM values needs to be 

encompassed in several months  of data.  
 

In practice, FRM values have been computed end of 2012 on the 

basis of the winter 2010 -2011 and summer 2011 period. The grap h-

ical overview below displays the FRM values associated to the main 

active CNEs of the internal parallel run of 2012 . One  can basically 

notice here that:  

-  FRM values spread between 5%  and 20 % of the total capacity 

Fmax of the line, depending on the uncertainties linked to the 

flows on the CNECs.  

-  Operational adjustments are performed in both directions  (i n-

crease or decrease calculated FRM value) , and essentially co n-

sist in correcting  outliers , or missing, high reference  values . 
 

                                    

 

 
9 Exceptional events could be: important modification of the grid (new line, de-

commissioning of large generating units...), change in the capacity calculation 

method, enlargement of the coupled area, implementation of advanced hybrid 

coupling etc...  
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Figure 4 - 3 : Graphical overview of the operational FRM values for the active CNEs of 

the parallel run ( CNE labelling is purely arbitrary and does not correspond to the f u-

ture fixed anonymi zation)  

 

The values that will be used for go- live are currently being assessed 

on the basis of year 2013 data by CWE TSOs, and should be impl e-

mented by the end of May 2014. In this way, observation of new 

FRM values is guaranteed during the parallel run. A specific report 

will be communicated to the NRAs in this respect  which  will indicate 

for each active CNE of t he current parallel run:  

-  The reference FRM  

-  The operational adjustment 10  and its justification . 

 

                                    

 

 

10  Operational adjustment is not a daily operational step but a single adjustment 

possibly done on FRM values when the latter are computed.   
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In other word s, FB capacity calculation  includes  contingency anal y-

sis, based on a DC loadflow approach. This implies that the co n-

straints determined are active power flow constraints only.  Since 

grid security  goes beyond the active power f low constraints, i ssues 

like:  

- voltage stability,  

- dynamic stability,  

- ramping (DC cables, net positions),  

need to be taken into account as well. This requires the determin a-

tion of constraints outside the FB parameter computation: the so -

called external constraints  (ECs) . 

 

One also needs to keep in mind that EC are therefore crucial  to e n-

sure security of supply and are in this respect systematically impl e-

mented as an input of the FB calculation process. In other words, 

the TSO operator does not decide includ ing  or not an EC on a given 

day (or even hour), he will always integrate an external constraint 

whatever the current operational condit ions are, in order to prevent 

unacceptable situations.  

 

These external constraints may also be modeled  as a constraint on 

the global net position (the s um of all cross border exchanges for a 

certain bidding zone in the single day -ahead coupling), thus limiting 

the net position of the respective bidding zone with regards to all 

Capacity calculation regions (C CRs)  which are part of the single 

day -ahead coupling. When modeled  as such, the EC will not form 

part of the FB calculation and will thus not be modeled  as a Critical 

Network Element . 

 

In the case that an external constraint is limiting the market, it r e-

ceives  a shadow price. Indeed, the shadow price indicates the we l-
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4.2.2.  Pre - qualification 14  

Before the first F low Based  parameter calculation  the  TSO checks 

the consistency of the applied CNE- file with the forecasted grid -

situation. Special attention is given to the Remedial Actions (RA) 

described in the CNE- file. Every TSO has to check, if the described 

RAs are available in the forecasted grid situation, or if some adapt a-

tions might have to b e done. This pre -qualification step also co n-

tains, if necessary, the information sharing and coordination with 

adjacent TSOs.  

 

4.2.3.  Centralized  Initial - Flow Based  parameter computation  

The F low Based  parameters computation is a centralized comput a-

tion. As the w hole grid is linearized, the calculation can be done 

with the much faster DC approach and delivers two main classes of 

parameters needed for the following steps of the FB  MC. 

 

                                    

 

 
14  Prequalification is a C NE assessment phase available at any moment of the FB 

process, during which each TSO can assess the relevance of its C NE set, with r e-

spect to t he operating conditions at the moment of capacity calculations. Ther e-

fore, operational experience plays a major role. Concretely, this phase is facilita t-

ed by a tool which allows an efficient review of the Critical Branches, as well as a 

cross comparison o f interconnectors and associated Remedial Actions. As such, 

prequalification is an introduction to qualification since it provides the first el e-

ments to be discussed and coordinated between TSOs later during the FB pr o-

cess, which is why it is presented her e before qualification in the operational s e-

quence. In practice, prequalification can be done before each FB common comp u-

tation.  







https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Network%20codes%20documents/Implementation/ccr/methodologies/core/cep/20191111_Core_derogations_common_V14.pdf
https://www.bmwi.de/Redaktion/EN/Downloads/a/action-plan-bidding-zone.html
https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/publicaties/2019/12/20/actieplan-verhoging-beschikbaarheid-zone-overschrijdende-transportcapaciteit-elektriciteitshandel/Actieplan+Verhoging+beschikbaarheid+zone-overschrijdende+transportcapaciteit+elektriciteitshandel.pdf
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Remark: Even if the operational solution will be switched to the E x-

tended LTA approach, the computation of a Final FB domain with 

Virtual Branches  as presented before  will remain for the sake of 

transparency towards Market Parties, Shadow Auctions and Intraday 

ATC exctraction.  

 

4.2.8.  LTN adjustment  

In case all CWE borders use FTRs , LTN adjustment can be skipped . 

As the reference flow (Fref) is the physical flow computed from the 

common base case, it reflects the loading of the Critical Network 

Elements  given the exchange programs of the chosen reference 

day. Therefore, this reference flow has to be adjusted to tak e into 

account only the effect of the LTN (Long Term Nominations) of day 
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the Market Coupling  mechanism. Indeed, only those Flow Based  

constraints that are most limiting the net positions need to be r e-

spected in the Market Coupling: the non - redundant constraints. The 

redundant constraints are identif ied and removed by the TSOs by 

means of the so -called presolve. This presolve step is schematically 

illustrated in the two -dimensional example below:  

 

 

In the two -dimensional example shown above, each straight line in 

the graph reflects the Flow Based  par ameters of one Critical Ne t-

work Element . A line indicates for a specific Critical Network El e-

ment , the boundary between allowed and non -allowed net pos i-

tions: i.e. the net positions on one side of the line are allowed 

whereas the net positions on the other  side would overload this 

Cri t ical Network Element  and endanger the grid security. As such, 

the non - redundant, or presolved, Flow Based parameters define the 

Flow Based  capacity domain that is indicated by the yellow region in 

the two -dimensional figure ab ove. It is within this Flow Based  ca-

pacity domain (yellow region) that the net positions of the market 

can be optimized by the Market Coupling mechanism. A more d e-

tailed representation of a two -dimensional Flow Based capacity d o-

main is shown hereunder.  
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As the selection of a set of ATCs from the Flow Based  domain leads 

to an infinite set of choices, an algorithm has been designed that 

determines the ATC values in a systematic way. The algorithm a p-

plied for the determination of the SA ATCs is the same as the alg o-

rithm applied to compute the ID ATCs after the  FB MC, though the 

starting point of the computation is a different one. Indeed, the i t-

erative procedure to determine the SA ATC starts from the LTA d o-

main 19as shown in the graph below . 

 

 

Input data:  

Despite the two days per year with a clock change, ther e are 24 

timestamps per day. The following input data is required for each 

timestamp:  
                                    

 

 
19  Keep in mind that that the LTA domain will systematically be included in the FB 

one, as explained in chapter  4.2.7 . 

Stepwise increase through equal split of remaining 
margins

DA FB domain

LTA domain

ATC for SA 
domain
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For each CNE, share the remaining margin between the CWE inte r-

nal borders that are positively influenced with equal shares.  

From those shares of margin, maximum bilateral exchanges are 

computed by dividing each share by the positive zone - to -zone 

PTDF. 

The bilateral exchanges are updated by adding the minimum values 

obtained over all CNEs. 

Update the margins on the CNEs using new bilateral exchanges 

from step 3 and go back to step 1.  

This iteration continues until the maximum value over all Critical 

Network Elements  of the absolute difference between the margin of 

computational step i+1 an d step i is smaller than a stop criterion.  

The resulting SA ATCs get the values that have been determined for 

the maximum CWE internal bilateral exchanges obtained during the 

iteration and after rounding down to integer values.  

After algorithm execution, t here are some Critical Network Elements  

with no remaining available margin left. These are the limiting el e-

ments of the SA ATC computation.  

The computation of the SA ATC domain can be precisely described 

with the following pseudo -code:  

While max(abs(margin (i+1) -  margin(i))) > StopCriter i-

onSAATC  

 For each CNE 

  For each non -zero entry in pPTDF_z2z Matrix  

   IncrMaxBilExchange = ma r-

gin(i)/NbShares/pPTDF_z2z  

   MaxBilExchange = MaxBilExchange  + I n-
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Other procedures:  procedure describing actions to be taken by an 

agent in certain specif ic situations, which are not directly associated 

to Normal procedures.  

 

Target time (for a given procedure):  estimated time to complete 

a procedure in a normal mode. If an incident occurs that does not 

allow applying the Normal procedure, and for which a b ack up exists, 

the Back up procedure is triggered.  

 

Partial/Full Decoupling deadline : latest moment in time to co m-

plete s ome procedure in Normal or B ack up mode. If an incident that 

does no t allow applying Normal or Back up procedure (if any) occurs 

before th is time, Fallback  procedure is triggered.  

 

 
Figure 5 - 1 : Interrelationship betwee n Normal procedures, Backu p, and 

Fallback . 
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5.2.  High Level Architecture  

The original High Level Architecture has been described in the final 

regulatory report of the MRC Day -Ahead Market Coupling Project  

(§3.1 resp. 3.7  of MRC Day -Ahead Market Coupling Project , Final 

Regulatory Report ) , which has been sent for approval to the MRC 

National Regulatory Authorities .  

For completeness of the provided information, the above mentioned 

chapters of the MRC approval package are attached to this doc u-

ment ( c.f. Annex  14.7 ).   

 

5.3.  Operational  procedures  

The Market Coupling process is divided into 3 different phases. Du r-

ing each phase, a number of common procedures will be operated 

under normal conditions. These procedures are called Normal Pr o-

cedures and Back up Procedures. In addition there is  a number of 

common procedures which are not associated to a specific phase. 

The procedures that belong to this category are Other , Special  and 

Fallback  Procedures. In this paragraph we describe them on a high 

level 21 .  

The following procedures are specific for the local CWE FB MC sol u-

tion and are not part of the MRC-documentation  and approval r e-

quest.  

 

                                    

 

 
21  Please refer to Annex 14.8  for detailed procedures.  
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5.3.1.  Phase 1: provision of the Cross Zonal Capacities and 

Allocation Constraints by the TSOs  

Phase 1 starts with the sending of the Cross Zonal Capacities and 

Allocation Constraints to the NEMO ECP Endpoint  by the CWE TSO 

Common System and ends when the Cross Zonal Capacities and A l-

location Constraints are successfully received by the NEMOs Pre-

Coupling Module.  

 

NOR_1 : Cross Zonal Capac i-

ties and Allocation Co n-

straints  

This procedure describes the first phase 

of the business process dedicated to the 

sending of the Cross Zonal Capacities and 

Allocation Constraints by TSOs and their 

reception by NEMOs. 

BUP_1: Cross Zonal Capac i-

ties and Allocation Co n-

straints  

Description of the actions to be pe r-

formed by the operator in case the no r-

mal process described in NOR_1 does not 

work.  

 

5.3.2.  Phase 2: Final Confirmation of the Results  

Phase 2 starts with the s ending of the Price Coupling Results for the 

final confirmation  to the CWE TSO Common System. This phase 

ends with the reception of the Global Final Confirmation of the r e-

sults by the CWE TSO Common System. Hereby, the Price Coupling 

Results become firm.  

 

NOR_2 : Final Confirmation 

of the Results by the CWE 

TSO CS 

This procedure describes the second 

phase of the business process dedicated 

to verify and validate the price coupling 

results in a normal mode .  

BUP_2: Final Co nfirmation of Description of the actions to be pe r-
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the Results by the CWE  TSO 

CS 

formed by the operator in case the no r-

mal process described in NOR_2 does not 

work.  

 

In case of a negative Global Final Confirmation, an Incident Co m-

mittee will be triggered according to CWE_FAL_01 . For a detailed 

description of the Fallback  mechanism we refer to chapter 0.  

 

5.3.3.  Phase 3.1: Market  Coupling Results and Scheduled E x-

changes  Transfer  

This phase starts with the sending of Market  Coupling Results by the 

CWE TSO Common System (Verification Module) to the CWE TSO  

Back -End Systems . Then, the CWE TSO Common System (Post 

Coupling Module) will create programming authorizations . These are 

sen t  via the CWE NEMOs ECP Endpoint  to the Cross NEMO Clearing 

and Settlement Support System , to TSO Back -End Systems and to 

the Congestion Revenue Distribution System (CRDS).  Furthermore, 

Market Coupling Results are sent to the CRDS . 

 

NOR_3 : Market  Coupling 

Results and Scheduled E x-

changes  Transfer  

This procedure describes the first part of 

the third phase of the business process 

regarding the steps that have to be pe r-

formed in a normal mode .  

BUP_3: Market Coupling R e-

sults and Scheduled E x-

changes  Transfer  

Description of the actions to be pe r-

formed by the oper ator in case the no r-

mal pr ocess described in NOR_3 does not 

work.  
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5.3.4.  Phase 3.2: Local Hub Nomination, Cross - Border Nom i-

nation and Congestion Income  

This phase starts with  the c reation of CCP information for local hub 

nomination and cross -border nomination  by CWE NEMO back -end 

Systems and/or CCP/Shipping Systems and/or Cross -NEMO Clearing 

and Settlement Support System s. It ends with data exchange on 

congestion rents from s hipping module s to the CRDS.  

 

NOR _4 : Local Hub Nomin a-

tion, Cross -Border Nomin a-

tion and Congestion Income  

This procedure describes the second part 

of the third phase of the business process 

regarding the steps that have to be pe r-

formed in a normal mode  

BUP_4: Local Hub Nomin a-

tion, Scheduled Exchanges 

Notification, Cross -Border 

Nomination and Congestion 

Income  

Description of the actions to be pe r-

formed by the operator in case the no r-

mal process described in NOR_4 does not 

work.  

 

5.3.5.  Other Procedures  

Other Procedures are not associated to a specific phase. They relate 

to certain situations, which  need to be managed by a formalized 

procedure.  

 

Other Procedures  

 

Documents describing various actions to 

be performed under certain conditions 

which are not back up or Fallback  actions  

SPE_01 CWE Second Auction  

Description of modified timeframe and 

actions to be performed in case of special 

or exceptional circumstances leading to a 

second auction  
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OTH_01 CWE Procedures 

Reading Instructions  

Description of used terminology and a b-

breviations in order to facilitate the rea d-

ing of procedures  

OTH_02 Internal and External 

Communications  

Description of messages that need to be 

sent in order to provide an official co m-

munication during some particular ma r-

ket situat ions or technical incidents  

OTH_0 3 CWE Publications  
Description of the different publications 

and associ ated timings  

OTH_04 CWE Market Oper a-

tor Tasks and Rotational 

Scheme  

Description of the actions to be pe r-

formed by CWE Market O perator  

OTH_05 Change  control pr o-

cedure  

Description of the process to follow by all 

parties in case of change in one of the 

systems  

 

5.3.6.  Fallback  procedures  

Fallback  procedures are applicable as soon as an incident occurs 

that prevents the timely allocation of the CZCs via the i mplicit all o-

cation process and/or the timely publication of the Market Coupling  

Results. In this case an Incident Committee is convened where the 

issue is assessed and in case necessary, potential Fallback  solutions 

will be assessed and agreed upon.  

 

Fallback  Procedures  

Documents describing the actions that 

should be performed under Fallback  con-

ditions .  

 

FAL_01 Incident Management  
Description of the initiation of the Inc i-

dent Committee and the way discussions 
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should be handled .  

 

FAL_02 Full Decoupling  

Description of the actions to be initiated 

by the operator in case Full Decoupling is 

declared by the Incident Committee . 

FAL_03 Partial Decoupling  

Description of the actions to be initiated 

by the operator in case Partial Decoupling 

is declare d by the Incident Committee . 
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9. The Shadow Auction System Operator ( JAO)  publishes transpa r-

ency data, as defined in chapter 0.  

10. Market Participants submit their orders through the CWE NEMO 

Trading modul es for day ahead market, per NEMO Trading Hub. . 

The NEMOs then match and publish their results separately.  

11. Fallback  participants submit their nominations to TSOs accor d-

ing to the existing  local  processes.  

 

6.8.  Matching and price determination rules in case of 

explicit PTR allocation  

The Shadow Auction  is performed for each bidding zone  border  

wit hin CWE , each di rection and each hour, by the following steps:  

1. The bids are ranked according to the decreasing order of their 

price limit.  

2. If the total capacity for which valid bids have been submitted is 

equal to or lower than available capacity for the auction i n question, 

the marginal price is nil.  

3. If the total capacity for which valid bids have been submitted e x-

ceeds the available capacity for the auction in question, the margi n-

al price is equal to the lowest bid price selected in full or in part.  

4. The highest bid(s) received for a capacity requested which does 

(do) not exceed the available capacity is (are) selected. The residual 

available capacity is then allocated to the participant(s) who has 

(have) submitted the next highest bids price, if th e capacity r e-

quested does not exceed the residual capacity; this process is then 

repeated for the rest of the residual available capacity.  

5. If the capacity requested under the next highest bid price is 

equal to or greater than the residual available cap acity, the bid is 

selected either in full, or partially up to the limit of the residual 

available capacity. The price of this bid constitutes the marginal 

price.  
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nounced by the Shadow Auction System O perator ( JAO)  generally 

15 days in advance.  In exceptional circumstances th is notice may 

be shorter.  
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Based on the inconclusive outcome of the study, the Project initially  

has not been in a position to make a recommendation whether to 

start with FB or FBI.  The outcome of the public consultation  of the 

NRAs of June 2014 has given additional guidance for the decision .  

Based on guidance by the CWE NRAs CWE FB MC has start ed with 

FB intuitive.  

Regardless of this  decision, the Project has monitor ed the Flow  

Based plain and kep t  the possibility to reassess the decision after 

go- live.  

Key descriptions and confirmation related to the F BI -decision, r e-

quested by the NRAs after the Ju ne 2014 consultation can be found 

in Annex 14.18 .  

 

During Q4 2019, CWE NRAs requested CWE parties to update the 

report, taking into account 4 years  of data, including one full year of 

data after DE/AT split. It was also required to include additional 

considerations related to performances . The full report can be found 

in Annex 14.3 1 while the main results are written below.  





 

 

 Page 115  of 146  

 

served under FBP and the price that was actually observed under 

FBI. The price differences in the other bidding zone s were not so 

significantly affected, leading to importa nt price differentials b e-

tween bidding zone s. These rare but spectacular situations are not 

easily understood by market participants, which may in itself que s-

tion the additional value in terms of intuitivity of the application of 

FBI.  

 

The reduced utiliza tion of the grid is illustrated by analyzing the i m-

pact on ALEGrO interconnector. This HVDC interconnector between 

Belgium and Germany will be implemented with the so -called 

Evolved Flow Based (EFB) approach where the flow on the interco n-

nector is determin ed by the market coupling algorithm in order to 

maximize the welfare. FBI leads to set this flow to zero in 33.27 % 

more cases than under FBP, and these cases relate to situations 

with price differences. One may find counter - intuitive that the flow 

on a co ntrollable HVDC interconnector is set to zero even when 

there is price difference.  

 

Conclusions  of the report  

Considering that the removal of the intuitive ness  patch will lead to 

higher welfare, a better price convergence, the avoidance of price 

spike situ ations, a higher utilization of the grid and better algorithm 

performances, CWE NRAs agreed to remove the intuitive ness  patch 

as of  the technical go- live of ALEGrO (CWE NRA EM  16 th  of March ) . 

 

 

 

  













https://transparency.entsoe.eu/
http://www.europeanpricecoupling.eu/
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Figure 8 -2 :  Aggregated hourly information related to the common grid model  

 

In addition, Refprog Bilateral exchanges on the following CWE-

borders and non -CWE borders are published  for every hour 23 :  

AT=>CZ, AT=>HU, AT=>SI, BE=>NL, BE=>DE (DC),  BG=>TR, 

CH=>AT, CH=>DE, CH=>FR, CH=>IT, CZ=>SK, DE=>AT, 

DE=>CZ, DE=>NL, DE=>PL, ES=>MA, ES=>PT, FR=>BE, 

FR=>DE, FR=>ES , FR=>IT, GR=>AL, GR=>BG, GR=>I T, 

GR=>RS, GR=>TR, IT=>AT, IT=>SI, PL=>CZ, PL=>SK, 

RO=>BG,RO=>HU, SI=>HU, SK=>HU, RS=>AL, RS=>BG, 

RS=>HU, RS=>RO, RS=>SI, UA=>HU, UA=>RO, UA=>SK  

 

                                    

 

 
23  Note that Refprog bilateral exchanges refer to exchanges between control 

blocks.  
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9  Monitoring  

9.1.   Monitoring and information to the NRAs only  

For monitoring purposes the CWE Project provides the fo llowing a d-

ditional data - items  on a monthly basis to the NRAs only:  

 

Items related to the FB capacity calculation  

1.  Results of the hourly LTA c heck s 

2.  Results of the hourly NTC c heck s 

3.  Line Sensitivity Check  

4.  Hourly Min/Max Net Positions  

5.  Hourly Intraday ATCs  for all CWE borders  

6.  AT -  Max Bilateral Exchanges (hourly)  

7.  BE -  Max Bilateral Exchanges (hourly)  

8.  FR -  Max Bilateral Exchanges  (hourly)  

9.  DE- Max Bilateral Exchanges  (hourly)  

10.  NL -  Max Bilateral Exchanges  (hourly)  

11.  Volume  of the Flow -Based domains (hourly)  

12.  Usage of the Final Adjustment Value  FAV   

13.  External Constraints  

14.  Hourly Shadow Auction  ATCs for all CWE -borders  

15.  Overview of timestamps where spanning is applied  (per 

month)  

16.  Overview of timestamps for which default FB param eters  

were  applied  (per month)  

17.  Hourly no n-anonymized presolved CNECs, disclosing   

 PTDF, FMAX, FRM, FAV , RAM , FREF, AMR  

18.  Key aggregated figures per bidding zone  and b order  (weekly 

aggregations)  

Number of pre solved CNEs 

 Number of precongested cases  
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 Number of  CNEs exceeded by LTA  

 Number of CNEs exceeded by ATC  

 Number of  of presolved CNEs with RAs applied  

 Number of presolved CNEs without RAs applied  

 Number of presolved CNEs, breaching the 5% rule  

 Number of hours using the FAV   

 Number  of hours, spanning technology was applied  

 Number of hours,  default FB parameters were applied  

19.  In case of occurrence: j ustification when FAV is used  

20.  In case of occurrence: j ustification when 5% is breached (of 

pre -solved CNEs)  

21.  In case of occurrence: justification when a CNEC is excluded 

from the  MinRAM  process  

 

 

Items related to the FB capacity allocation (after market 

coupling)  

1.  Active CNEs (Hourly)  

2.  Shadow prices  (Hourly)  

3.  Monthly top 10 of active constraints  

4.  Number of days or hours, allocation used S hadow  Auction 

ATCs instead of FB parameters  

5.  Number  of congested CNEs 

6.  Number  of congestions in the timestamps with non - intuitive 

prices  (pending technical feasibility)  

7.  Price convergence indicator  

8.  Price convergence indicator: border -per -border price diffe r-

ences diagrams  

9.  Welfare loss compare to infinite capacity  

10.  CIA-Repor ting  (congestion income allocation)  
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11.2.2.  Roles of the individual NEMOs   

The individual NEMOs are  responsible to collect all bids and offers 

from their participants, and to submit their aggregated and anon y-

mous order books to the PMB, a joint NEMO system. The NEMO or-

der books are transferred and injected directly into the Marke t Co u-

pling  database. The order books contain all the bids of the Market 

Parties in an aggregated and anonymous format.  

After the Market Coupling  has been performed and the price has 

been set, the individual NEMOs are  responsible for executing all o r-

ders p laced by their participants that are within the calculated price, 

and to form the contracts with them.  

 

11.2.3.  Roles of the joint NEMO s  

The joint CWE NEMOs are responsible for building, operation and 

maintenance of the PMB system and the market coupling algorit hm 

together with further relevant NEMOs of the SDAC . NEMOs are r e-

sponsible to calculate net positions  and  market prices for all bidding 

zones of the SDAC . 

 

11.2.4.  Roles of joint Parties  

The CWE NEMOs and TSOs are together responsible for the ma n-

agement of the CWE FB MC solution. Decisions regarding the sol u-

tion will be taken by all the parties. In order to perform this task, 

the Parties will set up a joint steering committee, an operational 

committee a nd an incident committee.  

11.2.5.  Roles of external service providers  

In order to operate an efficient Market Coupling , the CWE Parties 

have decided to outsource a number of tasks to external service 
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12  Change control  

12.1.  Internal change control processes of the Project  

The change control procedure aims at tracking any change, small 

and large, in software, systems , procedures  and in documents. 

Whilst the majority of changes are likely to be simple operational 

changes or small textual changes, it is still important that the pr o-

cedure is robust to the processing of more complex changes.  The 

relevant  Steering Committee (e.g. CWE TSO Steering Group, CWE 

Joint Steering Committee) shall decide on the final approval of 

changes. Changes in the SDAC or the market coupling algorithm fal l 

under the responsibility of the respective steering committees . 

 

In case a change is needed , a  request for change document is filled . 

This document shall contain the details,  the consequences such 

change could have for the other parties  and any other rel evant i n-

formation on the requested change . Then, an impact assessment is 

performed in order to determine w hether the requested change  will 

have a materi al impact on the common operations and systems . 

The proposal is checked to see if it is correct. After a pproval, the 

change  is performed .  

 

Example g iven of a RFC Procedure control  

 

 

 

 

RFC 
Request

Validate
RFC 

Approve
RFC 

Make
Changes

Approve Go 
Live Implement

Modification 
applied

Notification 
end
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Simple changes with a low -risk solution affect a small number of 

compone nts owned by a single or joint p arty, and change only  local 

items with no identified impact on common items. Project Partners  

are informed of such  change s, with a fast track procedure  if r e-

quired .  

 

All other changes which are more complex, of a higher risk categ o-

ry, affecting multiple components or componen ts which are the r e-

sponsibility of more than one project party  are handled as real m od-

ifications , but can be managed in fast track if needed .  

 

For simple changes, the change will be recorded on just one form.  

This will contain all the information required  including the cause of 

the change, the proposed solution, its impact and the way in which 

the change will be implemented.  In this case no other forms w ill be 

required to be completed . 

 

12.2.  Approval of changes of the CWE FB MC solution  

Changes in the CWE FB MC methodology  will be published. If nee d-

ed, a  formal approval request towards the NRAs will be started  to 

be commonly approved . All changes will be documented and a t-

tached to the initial approval document.  
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13  Glo ssary  

AC   Active constraint   

AMR   Adjustment for Min RAM  

ATC    Available Transfer Capacity  

ATC MC   ATC Market Coupling  

CNE    Critica l Network Element  

CNEC   Critical Network Element  Contingency   

CCP   Cross Clearing Party  

CEE  Central Eastern Europe  

CET Central European Time  

CEWE  Central East West Europe  

CGM    Common Grid Model  

C   Contingency  

CS   Common System   

CWE Central Western Europe  

CWE MO CWE Market Operator   

CZCs Cross Zonal Capacities   

D   Delivery Day  

D-1    Day Ah ead  

D-2    Two -Days Ahead  

D-2CF or D2CF  Two -Days Ahead Congestion Forecast  

DA    Day Ahead  

DACF   Day -Ahead Congestion Forecast  

EC   External Constraints  

ENTSO-E  European Network of Transmission System Oper a-

tors for Electricity  

EVB Evolved Flow Based  

FAV   Final Adjus tment Value  

FB   Flow Based  

FB MC   Flow  Based Market Coupling  

FBI  MC   Flow Based Intuitive Market Coupling  
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Fmax  Maximum allowable flow on  a given Critical Ne t-

work Element   

FRM    Flow Reliability Margin  

GCB   German control block  

GCT   Gate Closure Time  

GSK   Generation Shift Key  

HLA   High Level Architecture  

IC    Incident Committee  

ID    Intraday  

IFA    Interconnexion France Angleterre  

Imax    Maximum current on a Critical Network Element  

LT    Long Term  

LTA    Allocated ca pacity from LT auctions  

LTN   Long Term Nominations  

MC   Market Coupling  

MinRAM   Minimum RAM  

MoU   Memorandum of Understanding   

MP   Market Party  

MRC  Multi Regional Coupling  (successor of the former 

NWE project)  

NA   Not applicable  

NEMO  Nominated Electricity Market Operator  

NRA   National Regulatory Authority  

PCR    Price Coupling of Regions  

PLEF   Pentalateral Energy Forum  

PMB PCR Matcher and Broker  (Joint PX IT System 

which embeds the PCR Algorithm calculating the 

MRC Net Positions, Prices and Scheduled E x-

changes on the non CWE interconnectors)  

PCR Coordinator  PX operating the PMB system  

PTDF    Power Transfer Distribution Factor  
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PST    Phase-Shifting Transformer  

PX    Power Exchange  

RA    Remedial Action  

RAM    Remaining Available Margin  

RSC   Regional Security Cooperation  

SAS   Shadow Auction  System  

SDAC   Single Day Ahead Coupling  

SoS    Security of Supply  

TSO    Transmission System Operator  

TYNDP  Ten-Year Network Development Plan  

UCTE  (formerly Union for the Coordination of Transmi s-

sion of Electricity (today integrated into ENTSO -E)  
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Twelve Months of Operation of the Bidding Zone Border 

between Austria and Germany/Luxembourg  (2020)  

14.33.  Evaluation of ALEGrO impact on CID results  -  12 

SPAIC Day asses sment  (2020)  

14.34.  Explanatory Note for ID Capacity Calculation  (2020)  

 

 

 

Note : The current status of the annexes  of the CWE FB MC appro v-

al package  listed above is available in the table below . It should be 

noted that most of the annexes listed have been published at the 

time of the Go - live (May 2015 ):  
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Annex 14_23 Context pa-

per CWE Intraday 
Valid 

Annex 14_24 Congestion 

income allocation under 

Flow-Based Market Cou-

pling 

Updated in June 2018 in combination with the 

update of the main CWE FBMC approval docu-

ment (v3.0) 

Annex 14_25 Adequacy 

Study Report 
Valid   

Annex 14_26 Annex 

C_1_Transparency 
Not up to date 

Annex 14_27 Annex 

C_2_Transparency 
Not up to date 

Annex 14_28 Report on 

SPAIC results for the Inte-

gration of the DE-AT bor-

der into CWE Flow Based 

Updated in June 2018 in combination with the 

update of the main CWE FBMC approval docu-

ment (v3.0) 
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1 Introduction

We �rst consider in Section 2 a three nodes 
ow-based network example to cover concrete aspects
of the LTA coverage problem and of the new methodology. The new methodology is based on a
standard result to describe the "convex hull of the union of two polyhedra"1.

The example is used to compare (a) models and market outcomes, (b) shadow prices and price
formation, and (c) the congestion rent compared to LTA liabilities. It is shown that formulas
relating bidding area market prices to shadow prices of PTDF or LTA constraints are identical to
their classic 
ow-based or ATC counterparts. It is also discussed why the LTA coverage process
guarantees to avoid a missing money issue to cover LTA liabilities.

Appendix A then presents the same developments with general notation to describe the approach
and related results in full generality.

2 A detailed example

The base case example2 is �rst presented, where a missing money problem for LTA liabilities
occur. Next Sections then discuss approaches for the LTA coverage process.

2.1 The base case

We consider �rst a base case example with a three-node network (see �gure 1 below) where:

� node A has two supply
orders:
400MWh @ 10e /MWh
600MWh @ 20e /MWh

� node B has two demand
orders:
100MWh @ 70e /MWh
900MWh @ 60e /MWh

� node C has one demand
order:
1000MWh @ 50e /MWh

and the following PTDF constraints apply:

0:75netposb + 0 :5netposc � 250
netposa � � 1500

Market outcome:

� A exports 450MWh, pricea = 20 e =MWh

� B imports 100MWh, priceb = 65 e =MW h

� C imports 350MWh, pricec = 50 e =MWh

� Welfare = 19 500 e

� Congestion rent = � 450� 20 + 100 � 65 + 350 � 50 = 15 000e

� Order surpluses = 4 500e

This market outcome can be obtained by solving the following welfare optimization problem (for
each constraint, the associated shadow price variable is indicated on the right in square brackets,
to ease later discussions. ):

1See for example Theorem 1 in [1], or Chapter 2 "Polyhera" in [2]. It is brie
y formally described in Appendix.
2The base case is an example illustrating 
ow factor competition in 
ow-based models presented in CWE Market

Coupling, Flow-Based Forum, Amsterdam, 1st of June 2011, online: https: // www. apxgroup. com/ wp-content/
uploads/ Final_ presentation_ June_ 2011. pdf .

2
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max welfare := (100)(70)xb1 + (900)(60)xb2 + (1000)(50)xc � (400)(10)xa1 � (600)(20)xa2 (1)

netposa = � 400xa1 � 600xa1 [pricea = 20] (2)
netposb = 100xb1 + 900xb2 [priceb = 65] (3)
netposc = 1000xc [pricec = 50] (4)
0 � x i � 1 8i (5)

PTDF constraints:

0:75netposb + 0 :5netposc � 250 [ShadowP riceF B
1 = 60] (6)

� netposa � 1500 [ShadowP riceF B
2 = 0] (7)

Net exports can be linked to (non-unique) commercial 
ows:

netposa = f low ba + f low ca � f low ab � f low ac [priceF B
a = 20] (8)

netposb = f low ab + f low ac � f low ba � f low bc [priceF B
b = 20] (9)

netposc = f low ac + f low bc � f low ca � f low cb [priceF B
c = 20] (10)

f � 0 (11)

Note that (8)-(10) imply :

netposa + netposb + netposc = 0 (12)

� If we assume that the contracted volume of LTA rights is 400 MWh in the direction A ! B ,
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Figure 1: Base case example.
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as the price di�erence is 65� 20 = 45, the LTA liabilities are 45 � 400 = 18000e .

� However, the congestion rent is equal to:� 450� 20+350� 50+100� 65 = 15 000e . Hence,
the congestion rent does not cover the LTA liabilities of 18 000e .

� This is related to the fact that a solution where A exports to B 400MWh and netposc = 0,
i.e. where netposa = � 400; netposb = 400; netposc = 0, "commercial 
ow" f low ab = 400
and all other variables are null, is not feasible for the network model: constraint (6) would
be violated3.

� To solve this issue, a preferred solution is to enlarge the FB model "just enough" so as to
contain that possibility netposa = � 400; netposb = 400; netposc = 0 ; f low ab = 400 (other
variables null).

� This is done by considering the smallest network model that can be described by linear
constraints of the form ax � b, which contains both the initial feasible points and the
new possibility netposa = � 400; netposb = 400; f low ab = 400. Technically, we want the
adherence of the convex hull of the union of the initial 
ow-based domain, and of the LTA
domain(the new possibility to add), denoted conv(F B [ LT A ).4

2.2 The virtual branch approach for conv(FB [ LTA )

2.2.1 Model and market outcome

For the base case example above, letF B be the set of feasible net positions and 
ows described
by conditions (6)-(11) and let LT A be the set of net positions that can be obtained by allowing
a 
ow f ab 2 [0; 400]; netposa = � f ab; netposb = f ab; netposc = 0 (and all other 
ows set to zero).
Actually, for LT A , only the extreme casef ab = 400; netposa = � 400; netposb = 400; netposc = 0
(other 
ows null) needs to be considered for inclusion in the network model: all intermediate cases
with f ab 2 [0; 400] will automatically be included as well.

In the Virtual branch approach, one uses new PTDF constraints to describeconv(F B [ LT A ). The
market outcome obtained is further discussed below and depicted on �gure 2. It can be shown
that for our example, the new PTDF constraints (18)-(20) together with the system condition
netposa + netposb + netposc = 0 (here replaced by (21)-(23) as done in the base example above)
exactly describesconv(F B [ LT A ).

The following small welfare optimization problem hence describes the market clearing problem
with the network model enlarged just enough as toguarantee that the congestion rent will cover
the LTA liabilities.

max welfare := (100)(70)xb1 +(900)(60)xb2 +(1000)(50)xc � (400)(10)xa1 � (600)(20)xa2 (13)

3 It is shown below that if this possibility is feasible for the network model, it is guaranteed that the congestion
rent covers the LTA liabilities.

4Technically, one wants this convex hull "with its boundary included", hence the notation conv to distinguish
from conv, to ensure that the enlarged set is still a polyhedron of the form f x jAx � bg. This is because if P1 and
P2 are two polyhedra, i.e. two sets of the form f x jAx � bg, conv(P1 [ P2 ) might not be a polyhedron as it might
"not contain its boundary", see Appendix C for a small illustrative example and discussion.
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netposa = � 400xa1 � 600xa1 [pricea = 20] (14)
netposb = 100xb1 + 900xb2 [priceb = 63:75] (15)
netposc = 1000xc [pricec = 50] (16)
0 � x i � 1 8i (17)

PTDF constraints including (VB):

� 2netposa + netposb � 1200 [ShadowP riceF B
1 = 0] (18)

� 24netposa + 11netposb � 14000 [ShadowP riceF B
2 = 1 :25] (19)

� netposa � 1500 [ShadowP riceF B
3 = 0] (20)

Net exports can be linked to (non-unique) commercial 
ows,:

netposa = f low ba + f low ca � f low ab � f low ac [priceF B
a = 50] (21)

netposb = f low ab + f low ac � f low ba � f low bc [priceF B
b = 50] (22)

netposc = f low ac + f low bc � f low ca � f low cb [priceF B
c = 50] (23)

f � 0 (24)

Market outcome for LTA inclusion based on the virtual branch approach:

� A exports 537.5MWh, pricea = 20 e =MWh

� B imports 100MWh, priceb = 63:75 e =MW h

� C imports 437.5MWh, pricec = 50 e =MW h

� Welfare = 22 125 e

� Congestion rent = � 537:5 � 20 + 100 � 63:75 + 437:5 � 50 = 17 500e

� Order surpluses = 4 625e

2.2.2 Shadow prices and price formation

One can observe the following classical relations:

pricel = priceF B +
X

m

ptdf m;l ShadowPricem (25)

where priceF B corresponds to the "system price" equal to 50 =priceF B
a = priceF B

b = priceF B
c in

the example, see (13)-(24). One can derive from these relations:

pricek � pricel =
X

m

ShadowPricem (ptdf m;k � ptdf m;l ) (26)

For example, the price di�erence
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priceb � pricea = 63:75 � 20 = 43:75 (27)

is equal to

ShadowPriceF B
2 (ptdf 2;b � ptdf 2;a ) = 1 :25[11� (� 24)] = 43:75 (28)

2.2.3 Congestion rent and LTA coverage

We observe now that the congestion rent covers the LTA liabilities:

� LTA liabilities are given by the contracted volume times the price di�erence between areaB
and areaA, that is 400 � (63:75 � 20) = 400 � 43:75 = 17500e

� On the other side, the congestion rent is equal also to 17500e , cf. the computation above.

The missing money problem has disappeared.

Let us see on this example the reason why the missing money disappears in general when one
considersconv(F B [ LT A ) (the statement with more general notation is discussed in Section A.3
below).

This is related to the following: for the market prices price�
a = 20; price�

b = 63:75; price�
c = 50

considered as �xed parameters, the operation of the transmission system given by the market out-
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Figure 2: Market outcome with LTA coverage
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comenetposa = � 537:5; netposb = 100; netposc = 437:5 is optimal for the following maximization
problem:

maxcongestion rent = 20netposa + 63:75netposb + 50netposc (29)

subject to the network model constraints (18)-(24)

As the constraints (18)-(24) contain "by construction" the point netposa = � 400; netposb =
400; netposc = 0, we know that the maximum obtained in (29) is at least equal to 20 � (� 400) +
63:75 � 400 = 17500e .

So whatever the solution of the market outcome is, as the net positions will be optimal for (29)
(assuming that we know that 20, 63.75 and 50 are the �xed market prices obtained from the
market outcome), the congestion rent will be at least 17 500e . In the present example, using
the optimal net positions netposa = � 537:5; netposb = 100; netposc = 437:5 given by the market
outcome, the congestion rent is actually exactly equal to 17 500e .

2.3 The Extended formulation approach for conv(FB [ LTA )

Exactly the same market outcome as with the virtual branch approach in Section 2.2, depicted on
�gure 2 above, is obtained with the following model based on the new methodology proposed for
LTA coverage. The only di�erence lies in the set of shadow prices "explaining" the (same) bidding
area market prices and bidding area price di�erences.

2.3.1 Model and market outcome

Extended formulation approach:

max welfare := (100)(70)xb1 +(900)(60)xb2 +(1000)(50)xc � (400)(10)xa1 � (600)(20)xa2 (30)

netposa = � 400xa1 � 600xa1 [pricea = 20] (31)
netposb = 100xb1 + 900xb2 [priceb = 63:75] (32)
netposc = 1000xc [pricec = 50] (33)
0 � x i � 1 8i (34)

Virgin PTDF constraints with dedicated net export and 
ow variables for FB:

0:75netposF B
b + 0 :5netposF B

c � � 1250 [ShadowPriceF B
1 = 55] (35)

� netposF B
a � � 11500 [ShadowP riceF B

2 = 2 :5] (36)
(37)

netposF B
a = f low F B

ba + f low F B
ca � f low F B

ab � f low F B
ac [priceF B

a = 22:5] (38)

netposF B
b = f low F B

ab + f low F B
ac � f low F B

ba � f low F B
bc [priceF B

b = 22:5] (39)

netposF B
c = f low F B

ac + f low F B
bc � f low F B

ca � f low F B
cb [priceF B

c = 22:5] (40)

f low F B � 0 (41)
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LTA constraints with dedicated net export and 
ow variables for LTA

f low LT A
ab � � 2400 [ShadowP riceLT A

ab = 43:75] (42)
other f low variables = 0 (43)

(44)

netposLT A
a = f low LT A

ba + f low LT A
ca � f low LT A

ab � f low LT A
ac [priceLT A

a = 20] (45)

netposLT A
b = f low LT A

ab + f low LT A
ac � f low LT A

ba � f low LT A
bc [priceLT A

b = 63:75] (46)

netposLT A
c = f low LT A

ac + f low LT A
bc � f low LT A

ca � f low LT A
cb [priceLT A

c = 50] (47)

f low LT A � 0 (48)

Constraints relating the original net export and 
ow variables to their duplicates used to describe
respectively the virgin 
ow-based and LTA domains:

netposi = netposF B
i + netposLT A

i i 2 f a; b; cg (49)

f low ij = f low F B
ij + f low LT A

ij i; j 2 f a; b; cg (50)

� 1 + � 2 = 1 (51)
� 1; � 2 � 0 (52)

Market outcome for LTA inclusion based on the extended formulation approach:

� A exports 537.5MWh, pricea = 20 e =MWh

� B imports 100MWh, priceb = 63:75 e =MW h

� C imports 437.5MWh, pricec = 50 e =MW h

� Welfare = 22 125 e

� Congestion rent = � 537:5 � 20 + 100 � 63:75 + 437:5 � 50 = 17 500e

� Order surpluses = 4 625e

2.3.2 Shadow prices and price formation

Let us �rst observe that we have the same bidding area market prices but a di�erent set of shadow
prices as we now have the virgin 
ow-based constraints and LTA constraints (somehow "scaled"
by the � ) to model the network, instead of virtual branches.

However, market price di�erences are explained by similar relations via the shadow prices of the
PTDF constraints involved, namely:
Relation identical to (25):

pricel = priceF B +
X

m

ptdf m;l ShadowPricem (53)

where priceF B corresponds to the "system price" now equal to 22:5 = priceF B
a = priceF B

b =
priceF B

c in the example, see (38)-(40).

For example,
pricec = 50 = 22 :5 + 55(0:5) + 2 :5(0) (54)

We can then also derive:
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Relation identical to (26):

pricek � pricel =
X

m

ShadowPricem (ptdf m;k � ptdf m;l ) (55)

For example, the price di�erence

priceb � pricea = 63:75 � 20 = 43:75 (56)

is equal to

ShadowP riceF B
1 (ptdf 1;b � ptdf 1;a ) + ShadowPriceF B

2 (ptdf 2;b � ptdf 2;a )
= 55[0:75 � 0] + 2:5[0 � (� 1)] = 43:75 (57)

2.3.3 Congestion rent and LTA coverage

Discussions regarding the congestion rent would be exactly the same as the discussions in Section
2.2.3 for the virtual branch based approach. Only the constraints of the network model needs to
be adapted in the optimization problem for the operation of the transmission system, which is
here:

maxcongestion rent = 20netposa + 63:75netposb + 50netposc (58)

subject to the network model constraints (35)-(52)

(Conditions (35)-(52)have replaced conditions (18)-(24).)
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3 Observations and practical questions for implementation
in production

3.1 Assessment of performance gains

Let us �rst emphase that the new extended formulation methodology presented on an example in
Section 2.3 is much more scalable than the approach based on virtual branches: in the extended
formulation approach, the number of constraints required is the number of virgin PTDF constraints
plus the number of LTA capacity constraints and a number of constraints directly proportional to
the number of bidding areas and lines (to link the "duplicate" net position and 
ow variables for
respectively the virgin 
ow-based and LTA domains to their counterpart lying in the convex hull
of the union of these domains).

On the other hand, the virtual branch approach requires to pre-compute a number of PTDF
constraints which becomes quickly very large with an increased number of bidding areas. Also,
the computation of virtual branches becomes itself very challenging.

The added value of the new methodology is hence two-folds:

� For network models with many more bidding areas as for CORE Region, it makes it tractable
to consider the "tight version" of a LTA coverage process (enlarging the original PTDF
domain "just enough" ).

� For network models with a few more bidding areas as required in some Evolved Flow-Based
modeling applications, it allows to greatly reduce the number of constraints required to
describe the enlarged domain for LTA coverage, with a substantially positive impact on
Euphemia performances.

The following �gure 3 shows performance gains with preliminary performance tests for Evolved
Flow-Based with 7 CWE bidding areas (instead of 5) to model the inclusion of the Alegro HVDC
inter-connector, for 
ow-based plain:

Figure 3: Comparison of Times to First Solution (in seconds), based on Euphemia 10.4, 7 sessions
in November 2018 to April 2019 with inclusion of the Alegro HVDC inter-connector, Flow-Based
Plain (FBP)
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3.2 Interactions with bidding zones outside the balancing area

The modeling alternative only concerns the CWE balancing and the corresponding "net exports"
(net positions on the balancing area). It has no impact on other bidding areas such as neighbouring
bidding areas connected via ATC lines.

3.3 Interface and PMB changes

For the current prototype implementation, minor changes are needed in the Euphemia input
interface:

� Columns LTA DOWN and LTA UP should be added to table LINE CAPACITIES (alter-
natively, columns CAPACITY UP and CAPACITY DOWN could be used as currently no
capacity is otherwise speci�ed for "TOP" lines of the CWE area).

� A column (e.g. ISVIRGIN) has to be added to table SESSIONBALANCINGAREAS to
indicate if LTAs are to be taken into consideration for the balancing area (note that if the
parameter indicates that LTAs should be considered but an empty LTA domain is provided,
the behavior is similar to the case where no LTAs should be taken into consideration, al-
though extra variables for LTAs not needed in that case would be created).

Note that the virgin PTDF data is provided via the usual tables for PTDF constraints.

To use the feature, the user has to provide a non-empty LTA domain, via table LINE CAPACITIES,
and specify a virgin domain is used via table SESSIONBALANCINGAREAS. If the LTA domain
is empty, the behavior is similar to the case where classical PTDF constraints are provided.

Regarding the Euphemia output interface, shadow prices of the virgin 
ow-based constraints can
be reported as the classical shadow prices of input PTDF constraints. The only new information
of interest would be the shadow prices of constraints of the LTA domain. These shadow prices
directly explain bidding area price di�erences as in a classic ATC network model (if a "LTA 
ow"
occurs between bidding areas with di�erent prices, the shadow price of the LTA capacity is equal
to the price di�erence, and the "LTA 
ow" goes from the cheaper area to the more expensive
area), cf. the example discussed in Section 2 and also price conditions derived in Appendix A.2.
Note that the price di�erence between bidding areas can also be explained via the shadow prices
of the virgin PTDF constraints, cf. again Section 2 and the example discussed therein.

3.4 Interaction with the intuitiveness patch

Intuitiveness is now enforced via the virgin 
ow-based domain which might be more restrictive
than when the additional conditions to enforce intuitiveness are related to the enlarged 
ow-based
domain conv(F B [ LT A ).

Although this requires further assessment and would require advanced technical work, it should
be possible to circumvent this by generating those additional conditions to enforce intuitiveness
which are related to the enlarged 
ow-based domainconv(F B [ LT A ).

3.5 Impact on the adequacy patch

The behavior of the adequacy patch is not impacted by the reformulation of the LTA coverage:
the original net position and 
ow variables netpos; f low are still available and used for related
computations.

11



The only impact on curtailment aspects could in theory come from restrictions of additional
transmission capacities due to intuitiveness being enforced on the virgin 
ow-based domain which
is more restrictive than enforcing intuitiveness on the enlarged domain after LTA coverage, but
this impact is not speci�cally related to the adequacy patch.

3.6 Validation of the implementation

To validate the implementation, it is recommended to design various functional tests based on
virtual branches exactly describing conv(F B [ LT A ), so that market outcome results computed
by Euphemia with virtual branches can be directly compared to market results obtained with the
new methodology which has been prototyped in Euphemia. As discussed in the example above,
with 
ow-based plain, market results must be identical. With 
ow-based in intuitive mode, market
results can di�er due to the way intuitiveness is, for now, enforced in the new methodology.
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A Extended formulation for LTA inclusion in general

The extended formulation is described here with general notation for sessions with classical step
bid curves. How the formulation is obtained is brie
y discussed in Appendix B.

A.1 Welfare maximization model

max
X

i

Qi P i x i (59)

s.t.

X

i 2 Orders ( l )

Qi x i = netposl [pricel ] 8l 2 Locations (60)

0 � x i � 1 8i (61)
(62)

netposl = ^netposF B
l + ^netposLT A

l [p̂ricel ] (63)

f low l;k = ^f low F B
l;k + ^f low LT A

l;k (64)

� 1 + � 2 = 1 [ � ] (65)
� � 0 (66)

X

l

ptdf m;l
^netposF B

l � � 1 RAM m [ShadowP ricem ]8m (67)

^netposF B
l =

X

k6= l

^f low F B
k;l � ^f low F B

l;k [priceF B
l ] 8l 2 Locations (68)

^f low F B � 0 (69)

^f low LT A
l;k � � 2 capacityLT A

l;k [wLT A
l;k ] 8l; k 2 Locations (70)

^netposLT A
l =

X

k6= l

^f low LT A
k;l � ^f low LT A

l;k [priceLT A
l ] 8l 2 Locations (71)

^f low LT A � 0 (72)

A.2 Shadow prices and price formation

Conditions dual to the variables netposl :

p̂ricel = pricel (73)
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Next conditions are written by taking (73) into account and replacing p̂ricel with pricel .

Conditions dual to the variables netposF B
l :

pricel = priceF B
l +

X

m

ptdf m;l ShadowPricem (74)

Conditions dual to the variables netposLT A
l :

pricel = priceLT A
l (75)

Conditions dual to the variables f low LT A
l;k � 0:

wLT A
l;k � priceLT A

k � priceLT A
l (76)

Using the associated complementary conditionf low LT A
l;k (wLT A

l;k � priceLT A
k + priceLT A

l ) = 0, we
have:

f low LT A
l;k > 0 ) priceLT A

k � priceLT A
l = wLT A

l;k � 0 (77)

Conditions dual to the variables f F B
l;k � 0:

0 � priceF B
k � priceF B

l (78)

Considering (78) for all pairs l; k gives priceF B
k = priceF B

l (assuming that locations form a con-
nected component), and conditions (74) can be rewritten as:

pricel = priceF B +
X

m

ptdf m;l ShadowPricem ; (79)

where priceF B corresponds to the "system price".

We then have the usual relations:

pricek � pricel =
X

m

ShadowPricem (ptdf m;k � ptdf m;l ) (80)

A.3 Congestion rent and LTA coverage

We show here with general notation that with the LTA coverage methodology, the congestion rent
is always su�cient to cover LTA liabilities.

Let us consider an optimal solution (x; netpos; f low ) to the welfare maximization problem (59)-
(72) and consider the market pricesprice�

l obtained as optimal dual variables of (60).

We want to prove the following inequality:

X

l

netpos�
l price�

l �
X

l;k

(price�
k � price�

l )+ capacityLT A
l;k (81)

The congestion rent appears on the left-hand side of the inequality and is expressed as the revenue
from operating the transmission network, i.e. realized from the buy/sell operations:netpos�

l > 0
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if a volume is sold by the operator to location l , netpos�
l < 0 if a volume is bought from location

l and the left-hand side represents the sum of the associated money transfers given the locational
market prices price�

l .

The right-hand side represents LTA liabilities. The notation ( price�
k � price�

l )+ means the price
in location k minus the price in location l counted only of the price is higher in location k, and
0 otherwise ((price�

k � price�
l )+ is hence non-null only if the price in location k is higher than

in location l , in which case (price�
k � price�

l )+ is equal to that price di�erence). Multiplying
(price�

k � price�
l )+ by the volume of LTA rights in the direction l ! k denoted by capacityLT A

l;k ,
and summing up over all possibilities for l; k , provides the total LTA liabilities.

To prove (81), we will use the fact that (netpos� ; f low � ) obtained from the market clearing process
solves the following pro�t maximization problem for the transmission system, where locational
market prices price� are �xed parameters and where the operator seeks to �nd best import/export
decisions (netpos; f low ) given those prices and assuming "in�nite market depth" (i.e. without
worrying about the order books):

max
(netpos;f low )

X

l

netposl price�
l (82)

s.t. to network constraints (63)-(72).

To prove the inequality (81), it is hence su�cient to �nd a solution ( netpos;f low ) feasible for
(63)-(72) such that:

X

l

netposl price�
l �

X

l;k

(price�
k � price�

l )+ capacityLT A
l;k ; (83)

as the congestion rent is at least as high as the left-hand side.

Such a feasible solution can be straightforwardly constructed as the network model has been
enlarged for that purpose, and can be given by:

f low l;k = f low LT A
l;k := capacityLT A

l;k if price �
k > price �

l

f low l;k = f low LT A
l;k := 0 if price �

k � price�
l

netposl = netposLT A
l :=

X

k6= l

(f low k;l � f low l;k ) =
X

k6= l

(f low LT A
k;l � f low LT A

l;k )

� LT A = 1

� F B := 0 ; netposF B
l := 0 ; f low F B

l;k := 0

15



B From convex combinations to the extended formulation
for conv(FB [ LTA )

A convex combination of two points x; y is the set of points that can be written as � 1x + � 2y with
� 1 + � 2 = 1 ; � 1 � 0; � 2 � 0.

It is the goal of the constraints (87)-(96) where one makes a convex combination of a point
(netposF B ; f low F B ) in the 
ow-based domain described by conditions (91)-(93) and a point in the
LTA domain described by conditions (94)-(96). These constraints (87)-(96) are then transformed
via a substitution of variables into the formulation (63)-(72). Details follow in next paragraphs,
where cases with� 1 = 0 or � 2 = 0 are also discussed.

For � 1 > 0; � 2 > 0; � 1 + � 2 = 1, constraints (91)-(93) are fully equivalent to the original 
ow
based constraints (just multiplied by a strictly positive number � 1) and constraints (94)-(96) are
similarly fully equivalent to the original LT A constraints.

Making the substitution ^netposF B := � 1netposF B ; ^f low F B := � 1f low F B ; ^netposLT A := � 2netposLT A ; ^f low LT A :=
� 2f low LT A then exactly provides the extended formulation (63)-(72) in Appendix A.

Let us check that this formulation (63)-(72) also works when � 1 = 0 or � 2 = 0.

If � 1 = 0 ; � 2 = 1, assuming the PTDF polyhedron is bounded5, only the solution ^netposF B =
0; ^f low F B = 0 is feasible for (67)-(69) and we actually pick-up a point in the LT A domain, as
constraints (70)-(72) with � 2 = 1 are the original LTA constraints. Similarly, if � 1 = 1 ; � 2 = 0,
it implies that ^netposLT A = 0 ; ^f low LT A = 0 and we actually pick up a point in the 
ow-based
domain, as constraints (67)-(69) with � 1 = 1 are the original 
ow-based constraints.

max
X

i

Qi P i x i (84)

X

i 2 Orders ( l )

Qi x i = netposl (85)

0 � x i � 1 8i (86)

netposl = � 1 netposF B
l + � 2 netposLT A

l (87)

f low l;k = � 1 f low F B
l;k + � 2 f low LT A

l;k (88)

� 1 + � 2 = 1 (89)
� � 0 (90)

� 1
X

l

ptdf m;l netposF B
l � � 1RAM m (91)

� 1netposF B
l = � 1

X

k6= l

(f low F B
k;l � f low F B

l;k )

(92)

� 1f low F B � 0 (93)

� 2f low LT A
l;k � � 2capacityLT A

l;k (94)

� 2netposLT A
l = � 2

X

k6= l

(f low LT A
k;l � f low LT A

l;k )

(95)

� 2f low LT A � 0 (96)

5We refer to the reference [2] for the general case where polyhedra P1 ; P2 involved in the present method to
describe conv(P1 [ P2 ) are unbounded.
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C An example illustrating the di�erence between conv(P1 [
P2) and conv(P1 [ P2)

Consider:

� P1 = f (x; y)jy = 1g, the blue line in the �gure 4 below,

� P2 = f (x; y)jx = 2 ; y = 2g, the red point in the �gure 4 below.

! " # $ %&' ( %# " &' # " ) ! " # $ %&' ( %# " &' # " )

! * # $ %&' ( ' # * ) ! * # $ %&' ( ' # * )

Figure 4: Di�erence betweenconv(P1 [ P2) and conv(P1 [ P2).

One can check that all the possible convex combinations of the red pointP2 and a point in the
blue line P1 are all the points between the blue line included, and the dotted green line excluded,
plus the red point: the dotted green line is a part of the boundary which is not included in
" conv(P1 [ P2)". Formally:

conv(P1 [ P2) = f (x; y)j(y � 1; y< 2)g [ f (x = 2 ; y = 2) g (97)

This set cannot be described as a polyhedron, i.e. via non-strict linear inequalities.

However, if we include the boundary green line, cf. the right-hand side of �gure 4, i.e. we consider
" conv(P1 [ P2) plus its boundary included", which is written conv(P1 [ P2), one has:

conv(P1 [ P2) = f (x; y)j y � 1; y � 2g (98)

which is now a polyhedron.

For applications in optimization, one needs to work with the second option (otherwise, maximum
or minimum might not exist).
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2  Overview Table  

TSO  INCREASE PROCESS  DECREASE PROCESS  How many assessment for 
Increase/Decrease Process  

Amprion  No local process to ask for increase requests in operation.  Increase 
requests for Amprion borders are performed by other CWE 
TSOs/RSCs.  

Feasibility of increase requests is checked by local tool considering 
the latest DA and ID CGMs available. Two validations are performed 
per Business Day using linear sensitivitie s similar to a Flow Based 
approach.  

No local process to assess decreases 
before increase/decrease deadline is 
operation  at the moment. Decreases of 
capacities for Amprion borders during the 
increase/decrease process on request by 
other TSOs possible.  

2 (Based on DACF/IDCF)  

APG An automatic import/export increase request is generated 
internally, if the FB day ahead leftover in combination with the NP is 
below a certain threshold.  

APG then assesses this internal increase requests with a load flow 
tool th at uses day ahead models (DACF) and the D -1 market 
clearing point. The security assessments considers the DA CGM and 
models the impact of capacity increases via linear sensitivities. The 
assessment of increase requests for all MTPs takes place when the 
DACF files are available.  

APG does not have a local tool to assess 
decreases based on schedules or 
ATCs/day ahead leftovers.  

After the DACF load flow calculation 
process to ensure possible increase 
requests, a unilateral decrease by APG is 
possible.  

1 (Based on DACF)  

ELIA  An increase of 300 MW is requested for one or both directions of the 
Belgian borders. Market  directions may be  prioritised . 

2 assessments are performed per business day. Increase requests 
are evaluated by performing a detailed security analysis for a set of 
representative timestamp/corner combinations.  

No local process to assess decreases 
before increase/decrease deadline is 
foreseen at the moment.  

2 (Based on DACF/IDCF)  
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The resulting net positions, additional aggregated flows and prices are depicted in the Figure 2 
below  (as the delta price in this example hour  is positive from DE to BE, but the flow goes from 
BE to DE, there is a non - intuitive flow between BE and DE, which is possible under FBP) . The  CWE 
net positions of Germany, France and Austria do however not balance by the aggregated flows as 
part of the real physical flows leave and re -enter the CWE region through external borders.  The 
concept of internal and external pot as discussed in Chapter 5 has been designed to address this 
issue.  

 

  

Figure 2: The calculated additional aggregated flows, based on the PTDFs and net positions. 

                                                                                                                                            

 

 

 

 

 

 

(PTRs) within the region and consequently no Long Term Nominat ions based on allocated long term PTRs 
are needed (LTN=0). There is also no need to apply 'nomination proof' calculation. However, for the sake 
of completeness, the general form of equation 4 is kept as it refers to general case when either FTRs or 
PTRs could be used on specific borders in the region.  
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Figure 7: The scaled congestion income per hub border. 

6  Sharing of the hub border income  

The ( rescaled) congestion income on the hub borders  is shared equally  (50/50)  between the 
neighbouring hubs as shown in Figure . 
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Figure 8: The scaled congestion income per hub border shared equally between each side of the border. 
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Figure 9: Relationship between overall congestion income, remuneration cost and margin on a critical branch 

Following Eq. 13, the total remuneration cost can be calculated.  This amount in total has to be 
remunerated to the market participants. Following the same calculation principle, also the  remuneration 
cost per direction of a BZB respectively per BZB can be calculated (please be aware that remuneration 
cost s only exist i n case of positive m arket spread). For each BZB the resulting remuneration cost s were 
shared  50% to 50% between the TSOs of a border and ha ve  to  be remunerated to market partic ipants  by 
TSOs. Figure 10 is showing the netted (allocated minus nominated) LT -capacity relevant for 
remuneration, whereas Figure 11 is showi ng the effective remuneration cost per BZB considering m arket 
spread orientation.  
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Figure 13: Socialization methodology principle 
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Figure   shows the  congestion income per hub border on each side of the hub border and Figure   
shows the r emuneration  costs on each side of the hub border. The difference between these 
values is the net congestion income per hub border ( i.e . income after considering of cost for LT -
remuneration )  as shown in Figure 1 6. 

 

Figure 14: The congestion income per hub border on each side of the border, as calculated in paragraph 5.2. 
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Figure 15: Long-term remuneration cost per hub border on each side of the border.  

 

 

Figure 16: Combination of congestion income and long-term remuneration costs per hub border on each side of the border.  











 

 Page 30 / 65  

9  Glossary  

AAF Additional aggregated flow  

AC Alternating current  

ATC Available Transfer Capacity  

ATC MC ATC Market Coupling  

BZB Bidding Zone Border  

CB Critical Branch  

CBCPM  Cross Border Clearing Price x Market flows  

CI  Congestion Income (from day -ahead Market Coupling)  

CIA Congestion Income Allocation  

CIDM  Congestion Income Distribution Methodology  

CP Clearing Price  

CRDS Congestion Rent Distribution System  

CWE Central Western Europe  

D-1 Day Ahead  

DA Day Ahead  

DC Direct current  

EF External Flow  

EMS Market Spread of External Flow  

FB Flow -Based  

FBI  Flow Based Intuitive  

FBP Flow Based Plain  

FBMC Flow -Based Market Coupling  

FTR Financial Transmission Right  

EFB Evolved Flow -Based methodology  

JAO Joint Allocation Office  

LT Long Term  

LTA Allocated Long Term Transmission Capacity  

LTN Nominated Long Term Transmission Capacity  

MC Market Coupling  

NP Net Position (sum of commercial exchanges for one bidding area)  

PCR Price Coupling of Regions  

PTDF  Power Transfer Distribution Factor  

PTR Physica l Transmission Right  

RAM Remaining Available Margin  

SZ Slack  Zone  

SP  Shadow Price  

TSO Transmission System Operator  

UIOSI  Use It or Sell It  
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Annex 2: Detailed m odelling of the special ALBE - /ALDE - PTDFs for the BE - DE border  

The impact of ALEGrO on the CI A is twofold  

(1)  Impact on the AAFs of all AC-borders  

�{  For this the classical relationship AAFs = PTDFs * NetPositions holds directly true, 
also with virtual hubs (see Eq. 2 ).  

 

(2)  A new AAF at the DC -border BE -DE 

�{  For this the same equation should hold true, which requires some care in the 
used PTDFs  

Di fference of an active DC link (e.g. ALEGrO) vs. passive AC lines  

�z The DC link is an active, controllable element of the grid. The flow through it is actively 
chosen (a setpoint, selected in the day -ahead by market coupling).  

�z This is a significant contrast t o a passive AC element: the flow through an AC element 
depends on the topology and the generation/load situation  

�{  In FB, the flow through an AC element is described as a function of zonal PTDFs 
and net positions  

�{  The same applies to the AAF for a border wher e the XB - lines are AC links (current 
status quo of CI A)  

 

 

 

The AAF for the DC link on the BE -DE borders is obtained as follow s:  

�z The flow through ALEGrO is not a  result of all other net positions. Nevertheless , the AAF 
of the BE -DE border is modelled in the same way as for all AC -borders ( see Eq. 2).  

�z This is ensured  by making use of the ALEGrO modelling in EFB by two virtual hubs . The 
net positions of these virtual hubs are equal to the flow through the DC link  (e.g. a flow 
from Germany to Belgi um  is 100  MW leads to a net position in ALBE of + 100 and in ALDE 
of - 100) .  
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2. Background and Approach  

Flow Based Market Coupling has been introduced on 20 May 2015 in the bidding zones of 
Belgium, France, Germany/Austria/Luxembourg and the Netherlands. The flow based allocation 
of cross -zonal capacities required a completely new design of congestion income  distribution 
principles, as this income could not be calculated and distributed on the basis of simple 
bilateral flows. Therefore, a distribution methodology has been implemented that coped with 
the complexities of this allocation approach. This methodolo gy is based on a principle that is 
called Cross Border Clearing Price times Market Flows Absolute (CBCPM ABS) , which best met 
the nine selected design criteria. Since its introduction, CWE Flow Based Market Coupling has 
undergone several changes, e.g. the inclusion of a minimum Remaining Available Margin 
(RAM) of 20% in April 2018.  

 

However, it was only until the introduction of an additional bidding zone border that a change 
in the congestion income allocation methodology was required, namely the split of the 
German/Austrian/Luxembourgian bidding zone into separate German/Luxembourgian and 
Austrian bidding zones and the addition of the new bidding zone border between these 
separated bidding zones. This new setup resulted in two changes in the congestion inc ome 
allocation methodology, with the mere addition of an additional bidding zone as one change. 
However, the treatment of external flows also required a design change. External flows have 
always been handled in the CWE congestion income allocation methodol ogy, as not all CWE net 
positions can be balanced by internal flows only (the so -called additional aggregated flows, 
AAF). Before the introduction of the separate Austrian hub, the external flow was easily 
determined as the flow that balanced the hubs of F rance and Germany/Austria/Luxembourg 
after considering their relevant AAFs (internal flows), as these were the only hubs with an 
open (i.e. non -CWE) AC border. With the introduction of the Austrian bidding zone, there are 
now three hubs with open borders. As a consequence, the provisions in the CWE congestion 
income allocation methodology regarding the determination and the sharing of the external pot 
needed to be completely revised, which resulted in the introduction of the Slack Zone  
approach. Three exter nal separate flows are determined (Austria to Slack Zone, France to 
Slack Zone and Germany/Luxembourg to Slack Zone) such that these flows balance the 
internal net position of the Austrian, French and German/Luxembourgian hubs. The virtual 
price of the Sla ck Zone is calculated such that it minimizes the value of the so-called  external 
pot .  

 

Figure 1: Structure of CWE CCR before -  and after the split  
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3. Factual Information  

 

This report compares operational data from two different periods (01 October 2017 until 30 
September 2018 against 01 October  2018 u ntil 30 September 2019) in order to evaluate 
methodological changes that were introduced with the go - live of the bidding zone border 
between Germany/Luxembourg and Austria on 01 October 2018. However, the operational 
results of the congestion income alloca tion methodology are highly dependent on the overall 
market conditions. Therefore, all results in this report only give an indication of possible effects 
of the amended distribution methodology; however there are multiple other factors of 
influence on the final congestion income allocation. These factors include, among others, 
changes in generation costs of thermal power plants which are linked to commodity prices like 
steam coal, natural gas or emission certificates. Additionally, also the availability of thermal 
power plants, especially of nuclear power plants, has an effect on market results and thus on 
the congestion rents. Moreover, the availability of renewable energies is an exogenous factor 
with impact on the indicators that are observed here. It sho uld be also noted that this report 
also covers the extremely dry summer season of 2018, which was characterized by low 
availability of hydro power plants and high transportation costs for steam coal on river barges. 
Generally, and as has already been notic ed in multiple other reports, the actual infeed from 
renewable energy sources and the load are very sensitive to weather conditions, especially 
during the winter period.  

 

The introduction of the 20% minRAM measure on 26 April 2018 also constituted a struct ural 
change in the availability of cross -zonal capacities and thus in the overall market conditions. 
Furthermore, the split of the German/Austrian/Luxembourgian bidding zone itself resulted in 
changes in the bidding behavior of market participants, as OTC trades between Germany and 
Austria were not possible anymore and all trades had to be shifted to Nominated Electricity 
Market Operators (NEMOs). This structural change of the bidding behavior distorts the 
calculation of producer surplus and consumer surplu s for the German/Luxembourgian and the 
Austrian bidding zone, as results before and after the split of the joint bidding zone cannot be 
compared to each other. 17   

 

All these considerations underline that the changes that can be observed in the different 
ind icators of this report cannot be ultimately linked to the go - live of the bidding zone border 
between Germany/Luxembourg and Austria, as it was not possible to isolate different factors of 
influence.  

  

                                           

17  The shift of trading activities to the NEMOs increases welfare by definition, as previously the OTC 
trades within the joint German/Austrian/Luxembourgian bidding zone have not been included  in the 
calculation of welfare indicators  
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a.  Percentage of congested hours  
This indicator details  th e percentage of hours in which  at least two different prices occurred in 
the flow -based capacity calculation region. Price convergence  (i.e. all bidding zones of the CWE 
region had the same market clearing price)  increased after the split by about 10 perce ntage 
points (from 71% of congested hours to 61%).  

 

b.  Total market welfare  
This indicator describes the development of  total  market welfare (i.e. the total of consumer 
surplus, producer surplus and congestion rents) over time and per bidding zone , as calcul ated 
by the market coupling  algorithm . Again, it should be noted that welfare indicators for the 
separated German/Luxembourgian and Austrian bidding zones are hard to be compared before 
and after the split of the joint bidding zone, as the shift of orders from OTC trade to the Single 
Day Ahead Coupling inevitably resulted in increased trading volumes, and consequently higher 
welfare numbers.  

 

1) For June 2019 the day of the decoupling was excluded.  
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In line with the overall development of total social welfare, the individual share of consumer 
surplus, producer surplus and congestion income can be displayed for each bidding zone 
separately. Most notably, the share of congestion income is negligible in comparison to 
consumer and producer surplus.  

 

c.  Long Term Transmission Rights (LTTRs) allocated per 
border  

This indicator displays t he Long Term Transmission Rights ( LTTRs)  allocated per border by JAO 
as sum of yearly and monthly auctions .  
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