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1 Executive summary 

In this document the concept for Intraday (ID) flow-based (FB) capacity calculation 

developed by the TSC Conceptual Task Force ID Capacity Calculation (CTF IDCC) is 

presented. Although the concept for IDCC is based on FB capacity calculation, it allows the 

use of Available Transfer Capacities (ATCs) as well. The advanced hybrid-coupling model 

has been proposed for this purpose. The prerequisites from the Network Code on Capacity 

Allocation and Congestion Management (CACM NC), the North Western Europe (NWE) 

project, ongoing work at ENTSO-E, possible transparency requirements, as well as the 

knowledge of the developments on FB capacity calculations for the different regional 

initiatives and timeframes have been taken into account in the conceptual development. 

The conceptual work is planned to be followed by a proof-of-principle stage. Indeed, the 

conceptual framework that is presented in this document has not been tested yet. In the 

present report the assumptions made and the elements that are subject to proof of 

principle are clearly indicated and outstanding in the text. 

The IDCC concept presented is based on the existing framework for the input data, but 

provides some hints for potential improvements and / or future developments as well. Two 

high-level business processes for IDCC, one based on a day-ahead CGM and the other 

based on intraday CGMs, are provided. The schemes illustrate the main inputs and steps 

– centralised or local – to run the intraday FB capacity calculations. The model improved 

day-ahead CGM (DACF) is recommended as input for the day-ahead business process of 

IDCC, whereas the current intraday CGM (IDCF) fits the needs of the intraday business 

process of IDCC. 

A FB capacity calculation is performed on the basis of the CGM. As such, critical network 

elements that are significantly impacted by the cross-zonal trades, in combination with 

critical outages, need to be selected in order to safeguard the grid.  

A key element in the IDCC concept, and distinct from the D-2 FB capacity calculation, is 

the availability of close(r) to real-time information. Indeed, at the time, when ID capacities 

have to be calculated, the day-ahead market is closed and the expectation is that the day-

ahead market provides useful hints on the intraday market, e.g. in terms of trade 

directions. Based on this, a new GSK methodology has been developed. 

The treatment of remedial actions has been described with much care: a distinction is 

made between “pre-fault” and “post-fault” remedial actions as well as on the application 

based on DACF or IDCF CGMs. Whereas post-fault RAs only apply to specific combinations 

of critical network elements and critical outages in case that this very outage occurs, the 

pre-fault RAs change the base case and all contingencies of the loadflow calculation. The 

proposed IDCC envisages applying an optimization on the explicit post-fault remedial 

actions only. The predominant target of the remedial action optimization is to cover the 

already-nominated exchanges. If, and only if, for the IDCC based on IDCF, the first step 

results in the nominated trades being covered by the FB domain, a second stage of the 

security-constrained optimization can be started to trim the capacity domain to the market 

needs. 

A validation process allows the individual TSOs to validate the FB domain and, if necessary, 

to reduce it. 

As the IDCC concept can be applied on a pan-European scale, considerations have been 

given to the question on how to deal with critical network elements far away. Indeed, a 
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proper balance between security of supply and market facilitation needs to be found here 

and a proposal has been made on this as such.  

After capacity calculation the resulting FB domain is provided to the continuous ID 

allocation mechanism, where the available capacity needs to be updated after each trade 

and will be reflected in a shifted FB domain and an adjusted hub-to-hub matrix for the 

traders. The concept is able to deal with products with a different time resolution.  

 

  



 
 
 

  
 

 
7 

7 / 91 

2 Glossary 

Allocation 

Constraints1 

means the constraints specified by the System Operator that are respected 

during Capacity Allocation. Allocation Constraints may include: operational 

security constraints, ramping constraints and / or transmission losses. 

BZ1 Bidding zone means the largest geographical area within which Market 

Participants are able to exchange energy without Capacity Allocation. 

CACM GL Guideline on Capacity Allocation and Congestion Management 

CNE1 Critical Network Element means a network element either within a bidding 

zone or between bidding zones taken into account in the Capacity 

Calculation Process, limiting the amount of power that be exchanged in 

order to maintain the System Security. 

CGM1 Common grid model means European-wide or multiple-System Operator-

wide data set, created by the European Merging Function, through the 

merging of relevant data. 

CMM Capacity Management Module means a module containing up to date 

available Cross Zonal Capacity in real time for allocating Cross Zonal 

Capacity in a continuous manner. 

DA Day Ahead 

DACF Day Ahead Congestion Forecast 

ENTSO-E European Network of Transmission System Operators for Electricity 

FB1 flow-based or flow-based Approach means a capacity calculation method 

limiting the exchanges between bidding zonebidding zones directly with the 

maximum flows on the Critical Network Elements and Power Transfer 

Distribution Factors. 

GSK1 Generation Shift Key(s) means a method of translating a net position 

change of a given bidding zonebidding zone into estimated specific 

injection increases or decreases in the Common Grid Model. 

ID Intraday 

ID Market1 Intraday Market means the electricity market which operates for the period 

of time between Intraday Cross Zonal Gate Opening Time and Intraday 

Cross Zonal Gate Closure, where commercial electricity transactions are 

executed prior to the delivery of traded products. 

IDCF Intraday Congestion Forecast 

NWE North Western Europe 

RA remedial action means a measure activated by one or several System 

Operators, manually or automatically, that relieves or contributes to 

relieving Physical Congestions. They can be applied pre-fault or post-fault 

and may involve costs. 

                                                           
 

1 These definitions are taken from Article 2 of the CACM NC as submitted to ACER on 27 September 2012 
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Reliability 

Margin1 

means the margin reserved on the permissible loading of a Critical Network 

Element or a bidding zone Border to cover against uncertainties between a 

capacity calculation timeframe and real time, taking into account the 

availability of remedial actions. 

Responsibility 

Area2 

means a coherent part of the interconnected Transmission System 

including Interconnectors, operated by a single TSO with connected 

Demand Facilities, or Power Generating Modules, if any. 

SOB1 Shared Order Book means a module collecting all matchable Orders from 

the participating Nominated Electricity Market Operators and performing 

continuous Matching of those Orders. 

TSC Transmission System Operator Security Cooperation 

UMM Urgent Market Message 

  

                                                           
 

2 This definition is taken from the Network Code on Operational Security as re-submitted to ACER 
on 24 September 2013 



 
 
 

  
 

 
9 

9 / 91 

3 Introduction 

The purpose of this document is to provide the envisaged concept for Intraday (ID) flow-

based (FB) capacity calculation3 being developed by the TSC Conceptual Task Force ID 

Capacity Calculation (CTF IDCC). Within this chapter the general requirements are 

analyzed and a high level overview of the developed concept is given, along with general 

considerations on the output to be delivered. In chapter 4, the developed concept is 

explained in more detail, forming the major part of the present document. Aspects that 

have to be considered in capacity allocation from a TSO perspective will be touched upon 

in chapter 5. An outlook on the analyses on Flow Reliability Margins is given in chapter 6 

and finally, chapter 7 concludes the document. The concept developed covers at least the 

bidding zones of TSC TSOs and is suited for each region of implementation in which TSC 

members are present. 

3.1 General requirements for ID capacity calculation 

When developing ID capacity calculation, the prerequisites from the Network Code on 

Capacity Allocation and Congestion Management (CACM NC), the North Western Europe 

(NWE) project, ongoing work at ENTSO-E, possible transparency requirements, as well as 

the knowledge of the developments on FB capacity calculations for the different regional 

initiatives and timeframes have to be taken into account.  

3.1.1 CACM NC 

The prerequisites from the CACM NC particularly refer to the ID allocation mechanism. In 

the ID project North Western Europe (NWE) there is ongoing work on the implementation 

of that network code which should be taken into account when developing the ID capacity 

calculation. 

The target ID capacity allocation mechanism is laid down in the CACM NC, where it is 

stated4 (amongst others): 

As from the Intraday Cross Zonal Gate Opening Time and prior to the Intraday Cross Zonal Gate 
Closure Time, the Continuous Trading Matching Algorithm shall determine which Orders to select 
for Matching such that it: 

a. maximises Economic Surplus per Trade for the Intraday timeframe by Allocating Capacity 
to Orders for which it is feasible to Match in accordance with the price and time of 
submission; 

b. respects Allocation Constraints provided in accordance with Article 66(4); 
c. respects Cross Zonal Capacity as specified in Article 66(1); 
d. respects requirements for the delivery of results as referred to in Article 66; and 
e. is repeatable and scalable. 

 

Furthermore, it is stated: 

Intraday Cross Zonal Capacity shall be priced and in a manner which: 
a. reflects Market Congestion; and 

b. is based on actual Orders. 

                                                           
 

3 Although the concept is based on FB capacity calculation, it allows the use of ATCs as well. 
4 CACM NC, 27 September 2012 
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3.1.2 NWE Intraday allocation  

The NWE ID allocation mechanism will move through an interim solution towards an 

enduring solution, which is depicted in Figure 3-1:. 

It is important to emphasize that capacities are implicitly allocated by applying a first-

come, first-served mechanism. A major challenge of this ID allocation mechanism is the 

combination of continuous trading and a pricing for the ID capacity as required by the 

CACM NC. At this point in time, the pricing issue has not been solved yet. 

The ID platform consists of two modules: the SOBF (Shared Order Book Function, which 

pools all the PX’s bids and offers for ID trade5) and the CMM (Capacity Management Module, 

which provides the available cross-zonal capacity for ID trade) that interact with one 

another. 

  

Figure 3-1: The target NWE ID allocation mechanism 

In the continuous trading mechanism, a trader can log in at his bidding zone and monitor 

the available electricity bids in the same bidding zone and, depending on available 

capacities, on the other bidding zones. The trader can also give a bid into the system. The 

platform will check if the bid can be matched: 

 If the matching bid is in the same bidding zone, no cross-zonal capacity is needed 

                                                           
 

5 Dedicated ID order books are submitted for the ID market. 

SOBF
(Single Shared Order Book 

Function)

CMM
(Capacity Management Module)

TSO A TSO B

Local order 
book A

Local order 
book B
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 If the matching bid is in another bidding zone, the bids will be given to the 

capacity queue. Capacity will be checked and - if available - capacity will be 

allocated 

After each trade that is allocated, the available cross-zonal capacity is updated in the CMM. 

Given the requirements from the CACM NC and the implementation approach chosen in 

NWE, it is reasonable to separate the ID capacity calculation in two main modules, being 

the TSO determination of ID capacity and the update of the capacity domain within the 

allocation mechanism after each trade. 

3.1.3 Timing requirements 

One of the major challenges when designing a process for IDCC is time pressure, linked to 

gate opening times. To illustrate this, the table below illustrates the timeframes for the 

cross-border capacity allocations on the German Dutch border. These timings are indicative 

timeframes and may deviate after go-live of NWE Intraday. 

Table 3-1: Current ID timings at the German-Dutch border 

Allocation timeframe Allocation for  Gate closure Match new 

From Till trading hours XB nomination Schedules 

21:00 (D-1) 22:50 (D-1) 00:00 – 24:00 23:00 (D-1) 23:01 – 23:15* 

22:50 (D-1) 23:50 (D-1) 01:00 – 24:00 00:00 00:01 – 00:15* 

23:50 (D-1) 00:50 02:00 – 24:00 01:00 01:01 – 01:15* 

00:50 01:50 03:00 – 24:00 02:00 02:01 – 02:15* 

01:50 02:50 04:00 – 24:00 03:00 03:01 – 03:15* 

02:50 03:50 05:00 – 24:00 04:00 04:01 – 04:15* 

03:50 04:50 06:00 – 24:00 05:00 05:01 – 05:15* 

04:50 05:50 07:00 – 24:00 06:00 06:01 – 06:15* 

05:50 06:50 08:00 – 24:00 07:00 07:01 – 07:15* 

06:50 07:50 09:00 – 24:00 08:00 08:01 – 08:15* 

07:50 08:50 10:00 – 24:00 09:00 09:01 – 09:15* 

08:50 09:50 11:00 – 24:00 10:00 10:01 – 10:15* 

09:50 10:50 12:00 – 24:00 11:00 11:01 – 11:15* 

10:50 11:50 13:00 – 24:00 12:00 12:01 – 12:15* 

11:50 12:50 14:00 – 24:00 13:00 13:01 – 13:15* 

12:50 13:50 15:00 – 24:00 14:00 14:01 – 14:15* 

13:50 14:50 16:00 – 24:00 15:00 15:01 – 15:15* 

14:50 15:50 17:00 – 24:00 16:00 16:01 – 16:15* 

15:50 16:50 18:00 – 24:00 17:00 17:01 – 17:15* 

16:50 17:50 19:00 – 24:00 18:00 18:01 – 18:15* 

17:50 18:50 20:00 – 24:00 19:00 19:01 – 19:15* 

18:50 19:50 21:00 – 24:00 20:00 20:01 – 20:15* 

19:50 20:50 22:00 – 24:00 21:00 21:01 – 21:15* 

20:50 21:50 23:00 – 24:00 22:00 22:01 – 22:15* 

*hh:15 is a reference time and not a deadline. At hh:45 the ATC must be calculated (deadline).  
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3.1.4 Transparency requirements 

The COMMISSION REGULATION (EU) No 543/2013 of 14 June 2013 on submission and 

publication of data in electricity markets imposes requirements to primary data holders, 

TSOs, and ENTSO-E in terms of transparency. 

Although the requirements imposed are not so much impacting the conceptual 

development stage, it is likely to impact an implementation stage. As such, an excerpt of 

one of the requirements enforced, that is foreseen to have an impact (and is strongly linked 

to the Nordic practice of UMMs, Urgent Market Messages) will be highlighted hereunder. 

Article 10, Information relating to the unavailability of transmission infrastructure 

… 

(b) changes in the actual availability of interconnections and in the transmission grid that 

reduce cross zonal capacities between bidding zones by 100 MW or more during at least 

one market time unit, specifying: 

— the identification of the assets concerned, 

— the location, 

— the type of asset, 

— the estimated impact on cross zonal capacity per direction between bidding zones, 

— reasons for the unavailability, 

— the start and estimated end date (day, hour) of the change in availability; 

… 

Indeed, the provision of 'the estimated impact on cross zonal capacity per direction 

between bidding zones' fits within the concept described in this report (cf. the h2h matrix 

as elaborated upon in section 5.5.2), but may impose some implementation challenges. 

3.2 High-level overview of the envisaged ID Capacity Calculation 

In the light of the abovementioned requirements and assumptions, a concept for ID 

capacity calculation has been developed. It takes into account the current framework for 

the input data, but is also considering improvements and / or new developments if 

necessary. This ID capacity calculation mechanism shall provide maximum capacities to 

the market while safeguarding security of supply. The concept developed so far is strongly 

inspired by experiences from day-ahead FB capacity calculation, yet taking into account 

the specific needs of the ID time frame. Indeed, the ID FB capacity calculation uses similar 

ingredients as the ones used at the Day-Ahead (DA) stage, but the recipe for determining 

the capacity domain is a different one. The following figure presents a high-level overview 

of the concept, underlining the interactions between the different processes: 
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Figure 3-2: High-level overview of the envisaged ID Capacity Calculation 

Beginning with initial input data, such as Day-Ahead Congestion Forecast (DACF) datasets, 

a FB capacity calculation will be performed to determine the possible ID exchanges 

between the different bidding zones. During the local analysis, TSOs have the possibility 

to assess Allocation Constraints (all the constraints that are needed to safeguard the 

security of supply, but that are not reflected in the results of the FB parameter 

computation). Resulting from this calculation, 24 initial capacity domains are delivered to 

the CMM for ID allocation. During the day of operation, calculations are performed and 

updated capacity domains can be delivered to the CMM, taking into account the latest 

information and status of the grid. For the initial calculation the term "Business process 

day-ahead" is introduced as it is supposed to take place on D-1. The calculations on day D 

belong to the "Business process intraday". These terms will be used through the remainder 

of this document in line with Figure 3-2. N.B.: There is also reference to capacity calculation 

for the day-ahead market in this document. This typically takes place on D-2 and should 

not be mixed up with the business process day-ahead. 

Both business processes are explained on a high level in the following two subsections 

thereby providing a high-level business overview on an indicative timeline of the Intraday 

capacity calculation and allocation based on DA CGM and ID CGM. Further details on the 

inputs and calculations, as well as the reasoning of the approaches chosen, will be given 

in chapter 4. 

Business process intraday

Business process day-ahead

Local analysis
(voltage/dynamics)

FB
Cap 
calc

FB
Cap 
calc

ID 
alloca
tion

Initial input
(a.o. DACF, GSKs, CNEs)

Updated input
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CNEs)

Realized trades
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hour under
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3.2.1 Common features of both business processes 

The day-ahead and intraday business processes for calculating and allocation the intraday 

capacity are made-up by the following main activities: 

 (Initial) data preparation 

The (initial) data preparation covers the local TSO processes for generating and 

delivering all the required input data for the calculation of FB parameters. 

 DA and ID CGM generation 

The DA and ID CGM generation represents the process already running at the TSC 

Joint Office (DA CGM and ID CGM generation) for the merging of all IGM from the 

local TSOs into an European-wide DA CGM and ID CGM. 

 Security assessment 

The security assessment represents the grid security processes running at the 

TSC Joint Office for both DA CGMs and ID CGMs and the assessment of 

contingency analysis results by TSOs. 

 Capacity calculation 

The capacity calculation is performed based on DA CGMs and ID CGMs. The FB 

parameters resulting from the DA CGM are to be labelled as initial FB parameters 

and the FB parameters resulting from the ID CGM are labelled as FB parameters. 

 Remedial action optimization 

The Remedial action (RA) optimization represents the function for incorporating 

already nominated exchanges in the capacity domain and maximising the capacity 

in a preferred market direction, if applicable. 

 Validation 

The validation process covers the local TSO processes for validating the FB 

capacity domains and the used RAs for maximising the capacity in a preferred 

market direction.  

 Capacity allocation 

The FB domain resulting from the ID capacity calculation is an input to the 

continuous trading ID capacity allocation, where capacities are implicitly allocated 

by applying a first-come, first-served mechanism. Hub-to-hub (h2h), i.e. bidding 

zone to bidding zone, matrices will be derived to show the bilateral trades 

feasible, given the available cross-zonal capacity that is represented by the FB 

domain. 

The activities are sub-divided amongst the various actors in the capacity calculation and 

capacity allocation processes, being: 

 Local TSO 

 Merging entity 

 Regional Security Coordination Initiative performing central Contingency Analysis 

 Regional Security Coordination Initiative performing central Capacity Calculations  

 Capacity allocator 

 Market Parties 

 

The business processes reflect the happy flow situation. In case of incidents in the grid, 

two interventions are possible: 

 Trigger recomputation 

Incidents having impact on the grid may occur. For such issues, an emergency 

recomputation can be necessary. In case grid incidents occur, TSOs can trigger a 
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recomputation of the FB domain based on latest information, being the incident 

and its impact.  

 Zero capacity 

TSOs always have the possibility to reduce the capacity for intraday markets to 0 

MW on their respective network elements in case of extreme circumstances where 

there is insufficient time to recompute the FB domain. 

For the sake of readability the intervention options are not reflected in business process 

overviews of the subsequent sections. 

3.2.2 High-level business process day-ahead 

Figure 3-3 illustrates the high-level FB process on the day-ahead stage for the intraday 

markets. The current TSC DACF process for grid security analysis is taken into account and 

is running in parallel with the capacity calculation. The assumption has been made that 

other European DACF initiatives are in close cooperation to this TSC process. An interaction 

is foreseen by means of DA CGM model sharing. Some elements have been omitted in the 

high-level business process for the sake of clarity.  

The initial data preparation covers the local TSO processes for generating and delivering 

all the required input data for the calculation of FB parameters, being: 

 DA IGM 

 Critical network elements and associated critical outages (CNECOs)  

 Remedial actions (RAs) 

 Generation shift keys (GSKs) 

 Allocation constraints (ACs) 

 Flow reliability margins (FRMs) 

All involved TSOs send the required information needed for the initial FB parameter 

calculation to the central systems. TSOs are expected to send their DA IGM to the merging 

entity and their CNECOs and post-fault RA file, GSK file, AC file and FRM file to the central 

system for capacity calculation. 

The merging entity will generate twenty-four hourly DA CGMs by merging all European 

twenty-four hourly DA IGMs and send it to the central systems for contingency analysis. 

Consequently, a first loadflow and contingency analysis will be started which will result in 

model improvements by TSOs. An update of the DA CGMs (including possible pre-fault 

RAs) will be generated by the merging entity which will subsequently send the updated DA 

CGMs to the central system for contingency analysis and capacity calculation.  

The central system for security analysis will perform the second loadflow and contingency 

analysis that results in an updated security analysis. 

The central system for capacity calculation will perform the initial FB parameter calculation 

taking into account all the required information. The updated results of the contingency 

analysis can trigger an update of the required input data for capacity calculation (e.g. AC 

file update due to voltage constraints). The first capacity calculation will result in an initial 

FB domain, using only pre-fault RAs which are included in the DA CGMs. The subsequent 

process step in the capacity calculation is to perform the FB parameter calculation by 

optimizing the FB domain using the post-fault RAs. 
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*  Post-fault remedial actions 
**  Pre-fault remedial actions 

Figure 3-3: High-level business process day-ahead 
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The process step will result in an optimized FB domain and a file including the post-fault 

RAs used for the optimization. 

The TSOs can locally perform a validation on the resulting FB parameters for both the initial 

FB domain and the optimized FB domain. The validation of the FB parameters is a TSO 

responsibility. TSOs have the possibility to include a (new) AC (e.g. limiting a certain net 

position for their own bidding zone) to the FB parameters and / or manually intervene to 

reduce the margin of their own CNECOs (putting the available margin to zero). The 

validation will result in one selection out of three possible domains; initial FB domain, 

optimized FB domain or FRM-override FB domain (domain where for one or more TSOs the 

FRM is increased to a pre-defined percentage). The central capacity calculation system 

incorporates the possible updates, being the AC and / or reduced margins on CNECOs, and 

updates the FB domain. 

The selected FB domain can subsequently be updated when a new AC is incorporated and 

/ or manual intervention is performed. Accordingly, the FB domain will be pre-solved. The 

pre-solve function removes all the redundant constraints, thereby maintaining only the 

binding constraints for capacity allocation. 

Finally, the FB domains resulting from the pre-solve function are published and are an 

input to the continuous trading ID capacity allocation.  

The detailed time-schedule on day-ahead will be further elaborated upon during the 

implementation phase.  

3.2.3 High-level business process intraday 

Figure 3-4 illustrates the high-level FB process on the intraday stage for the intraday 

capacity markets. The current TSC IDCF process for grid security analysis is taken into 

account and is running in parallel with the capacity calculation. The assumption has been 

made that other European IDCF initiatives are in close cooperation to this TSC process. An 

interaction is foreseen by means of ID CGM model sharing. Some elements have been 

omitted in the high-level business process for the sake of clarity.  

The data preparation covers the local TSO processes for generating and delivering all the 

required input data for the calculation of FB parameters, being: 

 ID IGM 

 CNECOs 

 RAs 

 GSKs 

 ACs 

 FRMs 

 … 

All involved TSOs send the required information needed for the FB parameter calculation 

to the central systems. TSOs are expected to send their ID IGM to the merging entity and 

their CNECO and post-fault RA file, GSK file, EC file, AC file and FRM file to the central 

system for capacity calculation. 

The merging entity will generate twenty-four hourly ID CGMs by merging all European 

twenty-four hourly ID IGMs and send it to the central systems for contingency analysis and 

capacity calculations. Consequently, a first loadflow and contingency analysis will be 

started.  
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The IDCF business process focuses on the computation of the FB domain for one hour on 

the basis of an ID CGM file. During the day, the IDCF business process is performed 

multiple times (sequentially). The first four intraday hours are not recomputed on the basis 

of ID CGMs (due to time limitations in the process).  

In parallel to the security analysis, the central system for capacity calculation will perform 

the FB parameter calculation taking into account all the required information. The first 

capacity calculation will result in a FB domain, using only pre-fault RA which are included 

in the ID CGMs. The subsequent process step in the capacity calculation is to perform the 

FB parameter calculation by optimizing the FB domain using the post-fault RAs. The process 

step will result in an optimized FB domain and a file including the post-fault RAs used in 

the optimization. 

The TSOs can locally perform a validation on the resulting FB parameters for both the initial 

FB domain and the optimized FB domain. The validation of the FB parameters is a TSO 

responsibility. TSOs have the possibility to include a (new) AC (e.g. limiting a certain net 

position for their own bidding zone) to the FB parameters and / or manually intervene to 

reduce margins on their own CNECOs (putting the available margin to zero). The validation 

will result in one selection out of three possible domains; initial FB domain, optimized FB 

domain or FRM-override FB domain (domain where for one or more TSOs the FRM is 

increased to a pre-defined percentage). The central capacity calculation system 

incorporates the possible updates, being the AC and / or reduced margins on CNECOs, and 

updates the FB domain. 

The selected FB domain can subsequently be updated when a new AC incorporated and / 

or manual intervention is performed. Accordingly, the FB domain will be pre-solved. The 

pre-solve function removes all the redundant constraints, thereby maintaining only the 

binding constraints for capacity allocation. 

Finally, the FB domains resulting from the pre-solve function are published and are an 

input to the continuous trading ID capacity allocation, where capacities are implicitly 

allocated by applying a first-come, first-served mechanism. Before the available capacities 

can be allocated, the Nominations have to be transferred into the FB domain. In between 

the timespan of generating the ID IGM and publishing the h2h matrix, Market Parties can 

continuously allocate capacity. By including the Nominations, the allocation mechanism 

updates the FB domain with the allocated capacities after the generation of the ID IGMs. 

Consequently, nominations have to be made and the applied RAs for capacity calculation 

can be applied in Real-Time operation. 
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*  Post-fault remedial actions 
**  Pre-fault remedial actions 

Figure 3-4: High-level business process intraday 
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4 Coordinated ID capacity calculation 

4.1 Input data 

As a basis for a coordinated capacity calculation, a Common Grid Model (CGM) is needed 

representing (at least) Continental Europe. For computing the initial capacity domains, the 

merged DACF datasets shall be used. Nowadays, the DACF models are used for coordinated 

D-1 security assessments of the grid. The individual DACF models, provided by the TSOs 

from the Regional Group Continental Europe (in line with ENTSO-E Operation Handbook 

Policy 4), depict the best forecast of the electrical system of the individual TSOs 

responsibility area for the upcoming day. The TSOs provide an individual DACF file for their 

responsibility area which contains a best estimate of load, generation and the topology of 

the grid elements. For all 24 hourly timestamps, the individual DACF files have to be 

balanced in terms of production and consumption, in coherence with the scheduled 

exchange programs. The individual DACF models from the TSOs are merged into a DA 

CGM.  

Besides the DA CGM, additional inputs are necessary to calculate the capacity domain. 

These are mainly the GSKs, CNECOs, RAs, FRMs, and possibly ACs. 

In a FB solution, the GSK translates the change of a net position in a bidding zone into 

estimated injection increases or decreases on the nodes in the bidding zone. The CNECOs 

are grid elements that are monitored by the TSOs under certain operational conditions, 

including outage scenarios and application of RAs, that act as constraints for the ID 

allocation.  

Due to the fact that the capacity calculation is performed on DA and ID-based forecasts, 

TSOs are facing uncertainties. TSOs use the FRM to hedge these uncertainties. The un-

certainty affects the capacity that can be provided to the market. The FRM should represent 

the uncertainty at the time of the capacity calculation and is expected to decrease when 

getting closer to real time. 

The ACs are all the constraints that are needed to safeguard the security of supply, but 

that are not reflected in the FB parameter computation results. 

All these kinds of input data are further elaborated upon in the following subsections.  

4.1.1 DA & ID CGM  

4.1.1.1 Aim, characteristics & pre-congestion 

The primary aim of DA and ID CGM is to be able to perform, at a given time (DA or ID), a 

security assessment of the grid. According to the ENTSO-E Common Grid Model 

Recommendations, the DA CGM should also be the basis for calculating ID capacities. 

Delivery of DA IGMs is mandatory for all TSOs of continental Europe.  

ID CGM is mandatory within TSC for security assessment, but only optional for capacity 

calculation purposes (according to the ENTSO-E Common Grid Model Recommendations). 

Indeed, the main purpose of the ID CGM is to indicate the trends of the congestions during 

the day.  
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There is no obligation to have a dedicated IGM for capacity calculation. CACM NC, 27 

September 2012, art. 33 only states: 

"For each Capacity Calculation Timeframe, all System Operators shall provide the Individual Grid 
Model for each scenario" 

Due to the mentioned specificities, it can be envisaged to deal with IDCC in two work 

packages: 

 IDCC based on DA CGM, since the business process is expected to make use of 

new information on D-1 as a result of the D-1 capacity allocation process 

 IDCC based on ID CGM, in a second step, to have the most recent information 

reflected in the ID capacity domain 

o The IDCF business process focuses on the computation of the FB domain 

for one hour on the basis of an ID CGM file. During the day, the IDCF 

business process is performed sequentially per hour.  

o The first four intraday hours are not recomputed on the basis of ID CGMs 

(due to time limitations in the process).  

DACF models have to be of very high quality in order to properly estimate the grid situation, 

which is of key importance for the overall capacity calculation process. 

Currently, at least two coordinated DACF processes run every evening:  

 At Coreso  

 At TSC 

Regarding the TSC IDCF process, ID CGMs are created for the remaining hours of the day 

with a rolling forecast principle. 

All models can be pre-congested in the sense of capacity calculation. A pre-congestion is 

defined as a congestion before any additional allocations. Indeed, DA & ID CGMs are meant 

to describe the expected grid situation and to detect the congestions. While respecting the 

TSC congestion-free criterion, a line can still be pre-congested because in IDCC it will be 

checked against at least the Maximum Allowable Flow (Fmax)-FRM. 

4.1.1.2 Current TSC DACF process 

 

The creation of an initial DA CGM starts with the submission of IGM DACF files of both TSC 

participating and non-participating TSOs. The table below describes how the IGMs are 

created by the TSOs: 

Table 4-1: DA IGM requirements 

Requirement Description 

Preparation 

moment 

After the closing of the D-1 market, but before 18:00 C.E.T. (D-1) 

Target day Next business day 

Topology Planned outages and relevant topological situation for the target day for 

each hour of the target realization day. The connection status of 

interconnectors must be consistent between all IGMs for each timestamp. 
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The switch position of reactive power components must reflect the 

expected status. Transformer taps must reflect the expected status, phase 

shifting transformers are in their expected position. 

Branch limits Each TSO shall apply the appropriate thermal limits corresponding to the 

target season of the scenario to each Grid Element. Thermal limits include 

permanent admissible values, and transitory admissible overloads values. 

Scheduled DC links Scheduled exchange per DC tie-line for the target day based on confirmed 

D-1 transactions (ENTSO-E Scheduling and Verification environment)6. 

Scheduled AC links Scheduled AC interchange for the target day, based on confirmed D-1 

transactions (ENTSO-E Scheduling and Verification environment) 

Load situation Forecast data for the target day. If no forecast is available, the System 

Operator shall produce their best estimate based on historical values. The 

loads values shall be updated to match the total generation (including 

Renewable Energy Sources (RES) infeed at the moment the D-1 market 

was closed), scheduled interchange (both AC and DC) and grid losses using 

an Load Shift Key (LSK) algorithm in case legal restrictions prevent to 

modify generation schedules. 

Generation infeed Generator schedules for the target day obtained from the Program 

Responsible parties. These schedules could be updated based on best 

estimate of the System Operators within the legal framework as provided 

by the NRA. 

RES infeed The most recent forecast data for the target day, based on actual weather 

forecast. Models shall be updated by the most recent forecast for the RES 

infeed. Until publication time before 18:00 C.E.T., additional updates may 

be necessary7. 

DA IGMs provided by individual TSOs are based on available data and coordinated 

hypotheses. This is necessary in order to ensure consistency of the provided data after 

merging of individual files into a common dataset. Individual DA IGMs have to be balanced 

in terms of production and consumption in coherence with the abovementioned coordinated 

hypotheses. Typically, this is ensured by assuming that reference cross-border exchanges 

(net positions) in the DACF process should correspond to DA nominations i.e. any variation 

of the loads of a control area must be compensated by a consistent adjustment of the 

generation output in the same area. DA IGM should include 24 timestamps per day. Each 

TSO has to provide its individual DACF loadflow data set for the merging process before a 

fixed time of the day D-1, 18h CET.  

Before the merging of the initial DA CGM, it is necessary to perform sanity checks with 

agreed rules to analyse the quality of the DA IGM.  

The TSC Joint Office performs the sanity checks on the individual DACF files. In this function 

individual files are checked on format compliancy. As a minimum, the rules for the sanity 

check must be commonly agreed by the pTSOs. Ideally, the rules are the same for all 

Regional Security Coordination Initiatives.  

                                                           
 

6  This environment doesn’t exist yet. In ENTSO-E RG CE a “Verification Platform” (including 
Vulcanus-system (at the end of its life cycle) is in preparation. “Verification Platform” will cover 
ENTSO-E RG CE (but it will be able to be expanded to complete ENTSO-E). 
7  Note that in case of significant changes in RES infeed, the delta should be compensated by 
adjusting the generation infeed to expected values instead of the values that have been provided 
after the closing of the D-1 market. 
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In the final step towards the creation of the initial DA CGM the TSC Joint Office facilitates 

the merging of all IGM DACF files into a single initial DA CGM for all participating TSOs. 

The format of the merged grid model is commonly agreed between all participating TSOs. 

After the merging, a first loadflow calculation is performed based on the initial DA CGM. 

This first DA CGM reflects raw inputs, but may also include some preventive redispatch (for 

example in the German dataset).  

After analysing the first loadflow based on the before-mentioned DA CGM, the TSC TSOs 

have the opportunity to improve the model: model corrections such as x-node mismatches 

on tie-line, special protection schemes or topological RAs are implemented in the model by 

each TSO. This second dataset converges in any case and is better than the first one in 

terms of quality.  

In the next steps, all the model improvements are gathered and the DA CGM is re-merged 

including these improvements. In the future, also non-participating TSO may have the 

opportunity to upload new datasets taking into consideration for instance better-forecasted 

PST tap positions. 

After the model improvement, loadflow and contingency analysis are performed, where the 

TSC TSOs analyse the contingencies and implement the corresponding RAs to relieve the 

congestion and to prepare the real time operation. These last RAs are then embedded in a 

third DA CGM. It is checked if the TSC “congestion-free” criterion is fulfilled. If yes, the 

DACF process finishes, otherwise, additional runs are performed as long as there are 

remaining contingencies. The TSC TSOs implement the corresponding RAs as long as the 

“congestion-free” criterion is not fulfilled. At each stage, a DA CGM is available. 
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4.1.1.3 Current TSC IDCF process 

The IDCF process consists of an update of the DACF process. It means that after the DACF 

process is closed, new models, taking into account the update of the schedules and new 

exchange programs, are produced by the TSC TSOs. These models are constantly updated 

in a rolling matter. The first hour of the day is not calculated with an ID CGM, due to 

(current) issues linked to the creation of the models at some TSOs.

 

Figure 4-1: Timing of the current TSC IDCF process 

The following table provides the details on how the grid condition is to be prepared for 

every intraday scenario used for Security Assessment in the relevant regions. 

Table 4-2: ID IGM requirements 

Requirement Description 

Preparation 

moment 

After the closing of each intraday market 

Target day 2 hours ahead until the end of the business day (D) 

Topology Planned outages and relevant topological situation for the target hours. 

Unplanned outages should feature in all intraday scenarios given the 

uncertainty over when the affected grid element or system element will be 

reconnected (worst case situation). 

The connection status of interconnectors must be consistent between all 

IGMs for each timestamp. 

The switch position of reactive power components must reflect the 

expected status. Transformer taps must reflect the expected status, phase 

shifting transformers are in their scheduled positions (situation after PST 

coordination between TSOs). 

Branch limits Each TSO shall apply the appropriate thermal limits corresponding to the 

target hours of the scenario to each Grid Element. Thermal limits include 

permanent admissible values, and transitory admissible overloads values. 

Hour 00:15 01:15 02:15 03:15 04:15 05:15 06:15 07:15 08:15 09:15 10:15 11:15 12:15 13:15 14:15 15:15 16:15 17:15 18:15 19:15 20:15 21:15 22:15 23:15

00:30 DACF Business Process

01:30 h-1

02:30 h-2 h-1

03:30 h-3 h-2 h-1

04:30 h-4 h-3 h-2 h-1

05:30 h-5 h-4 h-3 h-2 h-1

06:30 h-6 h-5 h-4 h-3 h-2 h-1

07:30 h-7 h-6 h-5 h-4 h-3 h-2 h-1

08:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

09:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

10:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

11:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

12:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

13:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

14:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

15:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

16:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

17:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

18:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

19:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

20:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

21:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

22:30 h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

23:30 end end end end end end end end end end end end end end end h-8 h-7 h-6 h-5 h-4 h-3 h-2 h-1

Calculation of IDCF datasets for mandatory timestamps h-1 to h-7 (fully automatically)


Calculation of IDCF datasets for voluntary timestamps h-8 until end of the day (fully automatically)
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Scheduled DC links Scheduled exchange per DC tie-line for the target hours, updated with 

intraday trading results. 

Scheduled AC links Updated Aggregated Netted Area AC positions for the target hours, based 

on confirmed intraday transactions (ENTSO-E Scheduling and Verification 

environment)8. 

Load situation Forecast data for the target hours. If no forecast is available, the System 

Operator shall produce their best estimate based on historical values. The 

loads values shall be updated to match the total generation (including RES 

infeed), scheduled interchange (both AC and DC) and grid losses using an 

LSK algorithm in case legal restrictions prevent to modify generation 

schedules. 

Generation infeed The most recent forecast data for the target hours, based on actual 

weather forecast. Models shall be updated by the most recent forecast for 

the RES infeed9. 

RES infeed Updated generation schedules for the target hours obtained from the 

Program Responsible parties. These schedules could be updated based on 

best estimate of the System Operators within the legal framework as 

provided by the NRA. 

The IDCF business process cannot be compared to the DACF business process, due to the 

limited time for the local assessment and for the implementation of RAs. 

The IDCF business process is constructed from a highly automated processing of input 

data, coming from online or offline models, enabling the users to monitor the trends in the 

grid several hours in advance toward the real-time situation. TSOs will therefore be able 

to take preventive measures in a more effective way. The quality of the model is a major 

issue due to the time pressure: the model must always converge, since there is no time 

for manual adaptations. 

When starting from the real-time (state-estimated) grid model, the need for model 

improvement may decrease, although (automated) assessment of data consistency 

remains important. Also the need for coordination might arise occasionally. An operational 

conference call can be decided upon at D-1 (during the Daily Operational Planning 

Teleconference (DOPT)) for specific hours and specific TSOs, but it might be triggered as 

well during the intraday phase when the grid situation is evolving into a critical direction. 

4.1.1.4 Applicability of experiences to IDCC - DA CGM 

Currently, the DA CGM coming from the TSC process doesn’t fulfil the requirements 

regarding IDCC: the initial DA CGM should preferably not be used for capacity calculation, 

since there is no guaranty of convergence and the model can contain mismatches. The 

model improved DA CGM that will most likely converge and does not contain mismatches 

will be used instead. Particular caution is necessary because these RAs can be non-binding. 

The expectation is that this part of uncertainty is covered by the FRM.  

 

                                                           
 

8  As specified in the market rules for the concerned Region 
9  Note that in case of significant changes in RES infeed, the delta should be compensated by 
adjusting the generation infeed to expected values instead of the values that have been provided 
after the closing of the D-1 market. 
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Proposition 
The model-corrected DA CGM will be used in the day-ahead business process of 
IDCC.  
 
Proof of principle 
The margin that can be released based on the DA CGM will be checked in the 
proof of principle stage linked to an FRM assessment . As a possible outcome, a 
scaling factor for a reduction of the available margi ns resulting from the DA 
CGM may have to be introduced, taking into account any possible impacts on the 
validation stage.  

4.1.1.5 Applicability of experiences to IDCC - ID CGM 

Regarding the ID CGM, the TSC process delivers datasets reflecting the expected grid 

situations and contains therefore all firm non-costly and costly RAs. Indeed, these RAs are 

expected to be binding according to the ENTSO-E Common Grid Model Recommendations. 

Such datasets should be a good forecast of the expected grid situation and are created 

close to real time so that the grid situation is expected to be quite stable and well planned. 

Therefore the use of such a dataset can help to calculate reliable ID capacities and the full 

remaining margin could be delivered for the ID market (except for the part linked to the 

FRM). 

4.1.2 Reference program IDCF  

The FB domain resulting from the ID capacity calculation is to serve a continuous trading 

ID capacity allocation, where capacities are implicitly allocated by applying a first-come, 

first-served mechanism. The ID capacity calculation is to be developed in such a way that 

it facilitates the continuous trading mechanism: capacities are to be updated after each 

realised trade. Being an implicit allocation mechanism, all ID allocated capacity is 

nominated at the same time. 

The initial capacity domains are based on the DA CGMs (DACF). In order to take into ac-

count more recent operational information (e.g. change of grid topology, RAs applied, 

updated wind infeed), an updated capacity domain that results from a closer to real-time 

ID capacity calculation is based on the ID CGMs (IDCF). 

The IDCF grid model forecast file has trade programs embedded. On a high level, the 

process of providing an updated capacity domain based on ID CGMs introduces a mismatch 

in terms of nominated capacities, as illustrated in Figure 4-2. 

1. The ID nominations that are available, and as such taken into account, when creating 

the IDCF 

2. The ID nominations at the time that the IDCF creation is started 

3. The ID nominations at the time that the updated FB cap domain is available 
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Figure 4-2: Example ID nominations 

The ΔID nominations, being the ID nominations in between the timestamps 1 and 3, i.e. 

the timestamp before which all ID nominations are reflected in the IDCF and the timestamp 

where the updated FB cap domain is uploaded in the CMM, need to be reflected in the 

capacity domain before being offered to the market. This is illustrated schematically in the 

Figure 4-3. 

  

Figure 4-3: Illustration of ΔID nominations 

Time of 

nomination 

[hh:mm:ss] 

Hour of 

application 

Hub 

origin 

Hub 

destination 

Volume 

[MWh] 

Etc. 

10:15:02 20 FI BE 100 . 

10:16:54 5 NL DE 200 . 

10:18:10 3 DE CH 50 . 

: : : : : : 

: : : : : : 

10:45:15 18 PL CZ 15 . 

10:45:16 18 CZ PL 15 . 

: : : : : : 
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The question what needs to be done with possible resulting negative margins, after the 

shifts of the capacity domain have been performed, is more generic and will be answered 

in section 5.3. 

4.1.3 Critical Network Element selection 

In the CACM NC, the Critical Network Element (CNE) is defined as a network element either 

within a bidding zone or between bidding zones taken into account in the Capacity 

Calculation Process, limiting the amount of power that can be exchanged in order to 

maintain the System Security. 

CNECOs are CNEs that are monitored by the TSOs under given / stressed operational 

conditions, including outage scenarios and application of RAs, that act as constraints for 

the ID allocation. A fixed power factor is to be modelled as a property of the CNE. 

In the CACM NC, no guidance is given regarding the selection of elements that can be 

labelled as a CNE by a TSO, and that can be imposed as a constraint to the market. Unless 

no further guidance is given on this matter within the framework of the CACM NC, the text 

embedded in this section can act as a TSC consideration / guideline on the CNECO selection 

process for the IDCC. 

First and for all: TSOs are responsible for selecting CNEs within their responsibility area. 

Nonetheless, a harmonized methodology for CNE selection within the IDCC, consistent with 

the chosen methodology of capacity calculation for the day-ahead market, seems 

favourable. 

Side note: a limited set of CNECOs reduces too excessive datasets and limits the 

computational burden of the FB parameter computation; the dataset being delivered to the 

CMM is subject to a pre-solve where all redundant constraints are removed. 

Proposition 
CNECOs are grid elements restricted to the transmission voltage levels only,  that 
are significantly impacted by cross-zonal trade. 
 
Proof of principle 
The term ´significantly impacted´ needs some further elaboration and 
consideration. 

Provided that the above-mentioned criterion has been selected for the CNECO selection, 

the question arises what to do if one or more TSOs assigned CNECOs that do not fulfil the 

this criterion: 

1. Apply an automatic check in the IDCC and notify the TSO that he has CNECOs 

specified that do not fulfil the criteria, but leave the CNECOs in the IDCC untouched 

2. Apply an automatic check in the IDCC and notify the TSO that he has CNECOs 

specified that do not fulfil the criteria. Leave the CNECOs in the IDCC untouched, but 

the TSO in question needs to explain why those CNEOCs were necessary 

3. Apply an automatic check in the IDCC and remove the CNECOs that do not fulfil the 

criteria. TSOs could periodically analyse the impact of CNE filtering process and use 

the results in order to adjust their CNECO list. 

Proposition 
Option number 2 is recommended by the CTF IDCC . 
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An automatic check on the voltage level is a straightforward exercise. With regard to the 

elements that are significantly impacted by cross-zonal trade two methods have been 

proposed that will be elaborated upon below. 

4.1.3.1 Internal flows 

This concept aims at predicting the influence that trading within a region will have on a 

certain CNECO in a certain hour. The background behind is the fact that even though all 

single Power Transfer Distribution Factors (PTDFs) may be below a certain threshold, the 

combination of these PTDFs may still induce a significant flow, thereby justifying to 

consider the CNECO. As indicated in Figure 4-4 the method makes use of the expected 

network situation for the considered hour and historic market data. The term "internal" 

refers to the power flows being induced by cross zonal trading within the capacity 

calculation region. 

 

Figure 4-4: General idea of CNECO selection under "internal flows" approach 

The way to select a specific CNECO can be concluded as follows: 

 selecting a specific hour with a specific topology 

 monitoring a specific period of historic market data (net positions) 

 concluding, what in average / minimum this market would impact (in terms of 

energy flow) the CNECO (e.g. at least 300MW more flow) 

 comparing this impact to the Fmax of the grid element 

 if the impact is low, CNECO should not be considered in the capacity calculation 

4.1.3.2 PTDFs 

The (zone-to-zone) PTDFs of a CNECO are a measure of the impact of cross-zonal trade 

on the flow induced on the CNECO. As such the zone-to-zone PTDFs can be fruitfully applied 

when assessing the impact of cross-zonal trade. Indeed, if the maximum zone-to-zone 

PTDF of a CNECO is below a predefined threshold value, it is considered not to be 

significantly impacted by cross-zonal trade. 

Normally the zone-to-zone PTDFs are not needed, and computing them brings an additional 

computational burden. As the check needs to be performed only once (before the pre-solve 

step) per FB domain that is offered to the allocation mechanism, the computational effort 

seems acceptable. 

Expected market impact on specific
CNECO in hour under consideration

Network 
situation for
hour under

consideration

Historic market
behaviour
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4.1.3.3 Comparison of the two approaches 

In the PTDF approach only the PTDFs are considered to assess whether a CNECO is 

significantly impacted by cross-zonal trade, whereas in the internal flow approach also the 

Remaining Available Margin (RAM) is taken into account. This is demonstrated in the 

following simple example. 

Imagine an internal cross-zonal exchange of 1000 MW. The zone-to-zone PTDF of the 

CNECO considered, equals 0.03 and the RAM = 40 MW. In the PTDF approach, if a 5% 

threshold has been selected, this element is not considered to be a CNECO. In the internal 

flow approach, the flow induced on the CNECO = 0.03 * 1000 = 30 MW on a total RAM = 

40 MW. With the internal flow using 75% of the RAM, this CNECO is considered to be 

significantly impacted by the internal cross-zonal trade, and is considered to be a CNECO. 

Proof of principle 
Analysis of the two methods proposed for the CNECO assessment (based on 
internal flows, and PTDFs) and selection of proper threshold values.  

4.1.3.4 How to come to a first CNECO set? 

In order to come to a first / reduced set of CNECOs, the TSO can have an extensive list of 

its grid elements embedded. The CNECO assessment and application of the threshold value 

can then be used by the TSO to identify the elements that are significantly impacted by 

cross-zonal trade and that can be labelled as CNECO. 

4.1.3.5 How to deal with CNECOs far away 

In order to prevent that a CNECO in the Netherlands is blocking a trade between Czech 

and Slovenia, one can imagine that a threshold is introduced: all PTDFs below this threshold 

value are set to zero. Indeed, this issue becomes more pronounced when larger capacity 

calculation and allocation regions are targeted. 

Proposition 
(Zone-to-zone) PTDFs that are below a certain common threshold are 
automatically set to zero. 

Although in this way, from an allocation point of view, the trade between Czech and 

Slovenia does not induce a flow on the Dutch CNECO, physically there is an impact. Indeed, 

the threshold value needs to be set in such a way, that the physical impact of these flows 

remains within acceptable limits. 

As it is the zone-to-hub PTDFs that are provided and used in the allocation mechanism, it 

is the zone-to-hub PTDF values that need to be altered in this case. The zone-to-hub PTDFs 

are defined against a single hub (in one capacity calculation mechanism). This implies that 

hubs with comparable PTDFs have an equivalent impact on the respective CNECO. For 

example, in Figure 4-5, both bidding zone A and B have a comparable impact on the 

CNECO. It can be decided to actually make the impact the same, by giving both bidding 

zones the same PTDF for this specific CNECO (in this case the PTDFs are made equal by 

taking the average of the two values). Given the approximate character of the DCLF / PTDF 

approach (e.g. losses are neglected), this method is a pragmatic proposal to discard minor 

differences in PTDFs and a possible market impact due to that. 
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Figure 4-5: Illustration of PTDF tuning to deal with CNECOs far away 

In this case, the resulting zone-to-zone PTDF for a trade A>B for this CNECO equals zero. 

Please note that the exercise to give equivalent PTDFs is not straightforward. Let’s imagine 

that we would like to apply this approach to the following zone-to-hub PTDFs, and that we 

would like to consider PTDFs to be equal that are, in terms of sensitivity, 4% apart: 

0.05  0.08  0.11 

Then the outcome could be: 

0.065  0.065  0.11 

Or: 

0.05  0.095  0.095 

 

Proof of principle 
Test of the approach where zone-to-zone PTDFs, that are below a certain 
threshold value, are automatically set to zero, and the selection of a proper 
threshold value. 

4.1.4 Maximum allowable power flow 

The Fmax is the maximum allowable flow on CNEs and is determined by the following 

formula: 

𝐹𝑚𝑎𝑥 = √3 ⋅ 𝑈 ⋅ 𝐼𝑚𝑎𝑥 ⋅ 𝑐𝑜𝑠(𝜑) (4.1) 

Fmax is the maximum allowed power flow [MW] on a CNE. The Imax is the maximum 

allowable current [A] for a defined CNE and is extracted from the DA or ID CGM and the 

power factor cos(φ) is set to 0.95. The minimum terminal voltage [V] of a CNE, resulting 

from the AC loadflow computation, represents the U in the equation above.  

Assumption 
Dynamic line ratings are represented by the Imax in the DA and ID CGMs . 
 
Proposition 
The calculation for the maximum allowed power flow on a CNE is based on the 
AC loadflow results for the voltage, combined with the pre -defined settings for 
the power factor and the maximum current. 

4.1.5 Generation Shift Key 

4.1.5.1 Modelling of generating units to be considered in IDCC 

The GSK translates the change of a net position in a bidding zone into estimated injection 

increases or decreases on the nodes in the bidding zone. A GSK file is defined for: 
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 An area 

 A time interval: GSK is dedicated to individual daily hours in order to model 

differences between peak and off-peak conditions per TSO. 

Generation shift: GSK constitutes a list specifying those generators that shall contribute to 

the shift.  

Load shift: LSK constitutes a list specifying those loads that shall contribute to the shift in 

order to take into account e.g. the contribution of generators connected to lower voltage 

levels (implicitly contained in the load figures of the nodes connected to the 220 and 400 

kV grid).  

If GSK and LSK are defined, a participation factor is also given: 

 G(a): Participation factor for generation nodes 

 L(a): Participation factor for load nodes  

The sum of G(a) and L(a) for each area has to be to 1 (i.e. 100%). 

The following GSK and LSK are suitable for FB IDCC. 

PROP: proportionally to base case generation or load 

Shift in defined generation / load nodes, proportionally to the base case generation / load. 

 Pg(n): Active generation in node n, belonging to area a (nodes n defined in GSK 

list) or  

 Pl(n): Active load in node n, belonging to area a (nodes n defined in LSK list) 

The participation of node n in the shift, among selected generation nodes (GSK) is given 

by: 

𝐾𝑔(𝑛, 𝑎) = 𝐺(𝑎) ∙
𝑃𝑔(𝑛)

∑ 𝑃𝑔(𝑛)𝑛
 

(4.2) 

The participation of node n in the shift, among selected load nodes (LSK) is given by: 

𝐾𝑙(𝑛, 𝑎) = 𝐿(𝑎) ∙
𝑃𝑙(𝑛)

∑ 𝑃𝑙(𝑛)𝑛
 

(4.3) 

FACT: according to the participation factors 

Shift in defined generation / load nodes (PV or PQ nodes), according to the participation 

factors: 

 kg(n): Participation factor for generation in node n, belonging to area a  

 kl(n): Participation factor for load in node n, belonging to area a  

The participation of node n in the shift, among selected generation nodes (GSK) is given 

by: 

𝐾𝑔(𝑛, 𝑎) = 𝐺(𝑎) ∙
𝑘𝑔(𝑛)

∑ 𝑘𝑔(𝑛)𝑛

; 0 ≤ 𝑘𝑔(𝑛) 
(4.4) 
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The participation of node n in the shift, among selected load nodes (LSK) is given by: 

𝐾𝑙(𝑛, 𝑎) = 𝐿(𝑎) ∙
𝑘𝑙(𝑛)

∑ 𝑘𝑙(𝑛)𝑛

;  0 ≤ 𝑘𝑙(𝑛) 
(4.5) 

 

RESERVE: proportionally to the remaining available capacity 

All power plants, which are selected for the shift, are modified proportionally to the 

remaining available capacity, as presented hereafter in the following two equations: 

𝑃𝑖
𝑖𝑛𝑐 = 𝑃𝑖 + ∆𝐸 ⋅  

𝑃𝑖
𝑚𝑎𝑥 − 𝑃𝑖

∑ (𝑛
𝑖=1 𝑃𝑖

𝑚𝑎𝑥 − 𝑃𝑖)
 (4.6) 

𝑃𝑖
𝑑𝑒𝑐 = 𝑃𝑖 +  ∆𝐸 ⋅  

𝑃𝑖
𝑚𝑖𝑛 − 𝑃𝑖

∑ (𝑛
𝑖=1 𝑃𝑖

𝑚𝑖𝑛 − 𝑃𝑖)
 (4.7) 

Where: 

𝑃𝑖 = Actual power production, 

𝑃𝑖
𝑚𝑖𝑛 = Minimal power production, 

𝑃𝑖
𝑚𝑎𝑥= Maximal power production, 

∆𝐸 = Power to be shifted, 

𝑃𝑖
𝑖𝑛𝑐 = New power production after positive shift,  

𝑃𝑖
𝑑𝑒𝑐 = New power production after negative shift. 

MERITORDER: generating nodes shift according to different merit order lists for shifting 

up and down 

The chosen generation nodes shift up or down according to the corresponding merit order 

list GSKup or GSKdown, as described hereunder. 

The upward list contains the generation nodes that perform the total positive shift. The 

downward list contains the generation nodes that perform the total negative shift. The 

merit order factor defines the number of generation nodes to be shifted simultaneously. 

It means that the first group (the number defined by the Merit order factor) of generating 

nodes are shifted together and if it is not sufficient, the next group of generating nodes 

are used to complete the total shift. 

The total shift is distributed to the last group of the merit order factor generation nodes 

and they are proportionally scaled to their available margin as defined for the Reserve 

shift. 

The merit order is not suited for FB Calculation since this method is not linear and does 

not ‘fit’ in a GSK.  
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4.1.5.2 New methodology for creating DA / ID GSK 

On the contrary to D-2 capacity calculation, additional information is available in DA and 

ID since the DA market is closed. Such information, such as power plant schedules, may 

improve significantly the modelling of the GSK. 

In the upcoming paragraph, a guideline is given on how to create the GSK files.  

 

Two GSKs are created for all target hours: 

 GSK_up: translating an increase of the net position of the area 

 GSK_down: translating a decrease of the net position of the area 

First of all, a check should be performed on an hourly basis to assess if a power plant is 

running for the target hour thereby using the power plant schedules. If not, the following 

question should be answered: is the power plant rapidly available for increase or decrease 

(typically gas or hydraulic power plant)? If not, the power plant should not be put in the 

GSK. 

If the schedule of the power plant shows that a power plant is planned to run, two checks 

should be performed. Is the power plant already on Pmax, resp. Pmin? If yes, the power 

plant should be put only in the GSK_down, resp. the GSK_up. In the case where the power 

plant is neither on Pmax nor on Pmin, the power plant can be put in both GSKs. 

The participation factors will be determined based on the schedules and TSOs operational 

experience. Such an approach will help to calculate reliable and more precise ID capacities. 

4.1.5.3 Proposition for applying the GSKs / LSK 

The method described above leads to the creation of two GSKs, which can lead to the 

creation of a non-convex FB domain, when applying both together. A solution has to be 

found to take an advantage of the new information given by the creation of the two GSKs, 

while keeping a convex domain. 

First, the PTDFs have to be calculated for both GSKs. As such, we obtain two sets of PTDFs: 

 With the GSK_up   {𝑷𝑻𝑫𝑭𝒊
𝒖𝒑

}
𝒊={𝒉𝒖𝒃} 

 

 With the GSK_down   {𝑷𝑻𝑫𝑭𝒊
𝒅𝒐𝒘𝒏}

𝒊={𝒉𝒖𝒃} 
 

Selection of the relevant GSK depending on the market clearing point 

Assumption 
The intraday market will trade in a similar direction as the day-ahead market.  
 
Proof of Principle 
The assumption that the intraday market will trade in a similar direction as the 
day-ahead market has to be verified during the proof of principle stage.  

In line with the assumption made, one of the two GSKs created has to be selected for each 

area depending on the day-ahead market direction. Hereafter a small example for 2 hubs 

is given in Figure 4-6. 
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Figure 4-6: Example of GSK selection 

In this example, the market clearing point indicates a negative net position for the bidding 

zone A and a positive net position for the bidding zone B. 

This implies that the GSK_down of area A will apply for the IDCC for the bidding zone A, 

and the GSK_up of area B will apply for the IDCC for the bidding zone B. This approach 

can be extrapolated for n bidding zones. 

In this way, only one FB domain is calculated using the most probable GSK. 

One GSK, valid for a large range of changes of the net position 

This implies using only one GSK, which should be valid for both an increasing and 

decreasing net position of an area. However, this method does not take advantage of the 

new methodology (and therefore the DA information) as described before. The 

methodology is therefore the same as the one used for the calculation of the DA FB.  

GSK to be a function of a limited power plant pattern 

This solution consists in mapping the net position of the bidding zone to some dedicated 

power plants. In other words: some explicit power plants of the bidding zone are correlated 

to the net position of the bidding zone. Such an approach has to be proven at a local level. 

Application of a share between LSK and GSK 

Due to the generation infeed in the distribution grid, the need can arise to have a part of 

shift of the net position through the load. In this case, an LSK can be complementary used. 

A distribution key has to be defined between the GSK and the LSK. 

Proposition  
The IDCC CTF would recommend to apply the method using the GSK_up and 
GSK_down to calculate a FB domain as precise as possible . This approach can be 
complemented with an LSK if needed. This approach must however be verified in 
the proof of principle stage.  
 
Proof of principle:  
Test the application of the method using the GSK_up and GSK_down.  
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4.1.5.4 FRM Methodology to assess the various GSKs 

A method to assess the quality of the various GSKs consists in performing as many FRM 

analyses as there are GSKs applied. The GSK method leading to the least uncertainty, i.e. 

the smallest FRM, should be applied, since it will represent the best forecast. 

4.1.6 Wind shift key 

The Wind Shift Key (WSK) and Wind in-feed files are required (for particular control areas) 

for calculation and are used to adjust the wind in-feed on substituted models. 

It contains, similar to the GSK file, a list of generating nodes, that participate in the shift 

when a generation update is performed. 

Calculation of total share in wind generation update (Kg), of respective node n defined in 

the WSK file: 

 kg(n) - Participation factor for generation in node n, belonging to area a (nodes n 

defined in WSK list) 

   

In addition to the WSK file, the WIND file is required and is also used to adjust a wind in-

feed on a substituted model. It contains the totals of wind generation in an hourly 

resolution. 

4.1.7 Remedial actions 

4.1.7.1 General approach to the consideration of remedial actions in IDCC 

When discussing about the consideration of RAs in capacity calculation it is important to 

note that a distinction is made between “pre-fault” and “post-fault” RAs. Whereas post-

fault RAs only apply to specific combinations of critical network elements and critical 

outages in case that this very outage occurs, the pre-fault RAs change the base case and 

all contingencies of the loadflow calculation. Therefore, the effect of post-fault RAs is 

limited to the respective constraint whereas pre-fault RAs can change the position and 

shape of the entire FB domain. 

According to the conceptual overview in section 3.2, another distinction can be made 

between two different processes: day-ahead and intraday IDCC processes. For both of 

these processes it has to be decided whether pre-fault and / or post-fault RAs shall be 

considered. In case they are considered, there are two ways of doing so: either explicitly 

or implicitly.  

Compared to the capacity calculation for the day-ahead market, there is new information 

available for the IDCC.  

 In the afternoon of D-1 there are day-ahead market results at hand. They are 

reflected in the schedules that are an input to DACF CGM creation. 

 After gate opening of the cross-zonal intraday market, even further information 

on the market’s need is given by the realised intraday trades. 

 After gate opening order books reflect the current desires of market participants. 
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When trying to use this information for the sake of social welfare, some assumptions have 

to be made. They should be verified in a proof-of-principle phase. 

Assumption 
The intraday market will trade in a similar direction as the day -ahead market. 
Day-ahead market results thus give a hint in which direction to optimize the FB 
domain for the intraday market. At least already -nominated schedules should be 
covered by the FB domain. 
 
Assumption 
Trading directions in the intraday market will remain relatively stable. Trades 
realized after gate opening thus give a hint in which direction to optimize the 
FB domain for the remaining time until gate closure. At least already -nominated 
schedules should be covered by the FB domain. 
 
Assumption 
When using order books in capacity calculation , the CMM would have to access 
the order books. This constitutes an interdependency of both modules in the 
allocation system, which is deemed undesirable. Therefore, order books are not 
available as an input to RA optimization.  

In the light of the available pieces of information it seems possible to “trim” the FB domain 

in the preferred market directions, the predominant target being the covering of already 

nominated exchanges. For this, an optimisation of RAs by the capacity calculation could be 

thought of to trim the domain in a timely manner. The decision whether RAs should be 

defined by TSOs and then optimised by the capacity calculation, or should only be defined 

ex-ante by TSOs in a coordinated fashion without further optimisation, is another degree 

of freedom when designing the IDCC concept. 

The range of options resulting from the choices to be made is illustrated in Table 4-3. In 

the following, the question marks will be replaced by a Go ( ) or a No-Go ( ) based on 

the rationale explained in the subsequent paragraphs. 

Table 4-3: Matrix of options for RA modelling 

  Explicit Implicit 

Day-ahead IDCC 

process 

Pre-fault ? ? ? ? 

Post-fault ? ? ? ? 

Intraday IDCC 

process 

Pre-fault ? ? ? ? 

Post-fault ? ? ? ? 

  non-

optimized 

optimized non-

optimized 

optimized 

The analysis of experience from day-ahead capacity calculation showed that in the CWE 

region post-fault RAs defined by combinations of CNEs and critical outages play a 

predominant role, whereas pre-fault RAs are considered very important at NBI. As the 

concept for IDCC shall have a broad geographical applicability it will allow for both options. 

Proposition 
Pre-fault and post-fault RAs shall be considered in the day-ahead and intraday 
IDCC processes.  
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Concerning the question whether RAs are to be modelled explicitly or implicitly it has to be 

appreciated that implicit models have been introduced in capacity calculation for the day-

ahead market although they are not transparent. Thus, the door should be left open for 

giving similar implicit RAs to IDCC for the sake of consistency. However, their application 

should not be allowed for pre-fault RAs as the latter change the whole loadflow situation 

and should thus be incorporated in the CGM in the course of the security analysis 

processes. This is in contrast to D2CF CGMs that are not aimed for security assessment in 

the first place. As to the optimization, it is obvious that implicit RAs cannot be optimized 

within capacity calculation because their impact on the loadflow situation cannot be 

modelled. In other words, they can only be defined ex-ante by the respective TSO. 

Proposition 
Only post-fault RA may be modeled implicitly. These implicit post -fault RAs 
cannot be optimized and require a fixed ex-ante definition by the respective TSO.  

Any assumption on RAs made in the capacity calculation will potentially impact the real-

time operation of the network. If capacity is given to the market, based on the assumption 

that TSOs take certain actions, the utilization of that capacity will possibly require the 

application of those RAs in real-time operation. Thus, a feedback is required from capacity 

calculation to real time operation. In the case of capacity calculation for the day-ahead 

market, this feedback is implicitly given by the market results which materialize in the 

DACF, thus enabling operators to prepare the respective (or other) RAs in due time. They 

will do so, by taking into account the security of supply in the real system (deviating from 

the assumptions in IDCC) and at each and every network element, in contrast to the 

simplified capacity model with a limited set of CNECOs. 

In IDCC there is very limited time to perform the feedback from the RA modelling, within 

the capacity calculation to the real-time operation, and checking it against the full network 

model. Therefore, particular caution is necessary as to how much freedom is given to the 

capacity calculation concerning assumptions on RAs. This is particularly true for pre-fault 

RAs as they might need to be applied at short notice after the capacity calculation, even 

before any contingency occurs. Optimizing pre-fault RAs by the capacity calculation might 

lead to situations where congestions, that are not modelled in the IDCC, cannot be 

overcome in due time. 

In the light of these considerations it does not seem viable at the moment to optimize pre-

fault RAs within the IDCC. However, it is possible for TSOs to decide on pre-fault RAs and 

to incorporate them in the CGM used for IDCC, which can also contribute to capacity 

increases. 

Proposition 
Explicit pre-fault RAs are only defined by TSOs ex-ante. They are not subject to 
optimization within the calculation of the FB domain.  

In contrast to the pre-fault RAs, the post-fault RAs do not directly impact the CGM. When 

TSOs define what kind of RAs they are willing to give to the capacity calculation, there is a 

potential for optimization of the FB domain when the capacity calculation can choose 

between different options. The primary goal of the optimization is to cover the already-

nominated schedules.10 In contrast to the pre-fault RAs the additional burden this poses 

                                                           
 

10 An optimization of costly RAs is not considered within the present concept because it would 
require a comparison of costs for the RAs versus the welfare gain due to increased capacity. In a 
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on real-time operation, is limited because TSOs' operators usually will reassess the network 

situation anyway after an outage occurs. This reassessment could even become more 

straightforward when the optimization result from the IDCC (i.e. which RA to apply after 

which outage) is at hand. 

Proposition 
Explicit post-fault RAs are optimized within the calculation of the FB domain 
within the day-ahead and intraday business processes of the IDCC. This is 
primarily aimed at covering the already-nominated schedules.   

The conclusions made are summarised in Table 4-4. In the following section, it will be 

discussed how the general approach materialises in the IDCC business processes. 

 

 

 

 

 

Table 4-4: Options to be used for RA modelling 

  Explicit Implicit 

Day-ahead IDCC 

process 

Pre-fault     

Post-fault     

Intraday IDCC 

process 

Pre-fault     

Post-fault     

  non-

optimized 

optimized non-

optimized 

optimized 

Particular caution is necessary during optimization when a RA affects more than one 

network element, which is the usual case. A RA may have a positive impact on one 

constraint while introducing a risk to Security of Supply (SoS) somewhere else. Such 

effects need to be avoided during optimization, which will be referred to as a security-

constrained optimization in the remainder of the present document. 

Proposition 
The optimization of RAs may under no circumstances introduce a risk to SoS. 
Thus, the side effects of each RA have to be considered within a security-
constrained optimization. 

A special kind of RA is given by so-called DC loop-flows, meaning that TSOs change the 

set points of DC links between synchronous areas to reduce the loading of the AC network. 

The concept is currently jointly applied by PSE, Svenska Kraftnät, Energinet DK and 50 

                                                           
 

continuous trading environment without evaluation of order books, such a comparison is not viable. 
Thus, the topic will not be further emphasized in the remainder of this document although the 
concept is fully compatible with non-optimized explicit costly RAs. 
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Hertz. DC loop-flows are only activated after gate closures of the ID markets and only if 

they do not induce security violations in any of the concerned TSOs' network. Availability 

of this kind of RA is very uncertain. They are typically applied pre-fault. 

Proposition 
Due to their short-term-activation nature and uncertain availability DC loop-
flows shall not be considered as RA in IDCC.  

4.1.7.2 Input data to be provided concerning remedial actions 

Day-ahead process of IDCC 

As can be seen from Figure 3-3, there is a step called “Initial Data Preparation CNE&RA”. 

This step serves two purposes. Firstly, the CNEs and respective critical outages have to be 

defined. Secondly, TSOs define which post-fault RAs should be considered within the 

capacity calculation.  

The content of the input file is abstractly depicted in Figure 4-7, notwithstanding a file 

format definition during the implementation stage. The upper section deals with the CNEs. 

The critical outages, i. e. the contingencies to be considered for capacity calculation for the 

respective CNE, are attributed to each CNE; the combinations of CNE and critical outages 

(referred to as “CNECO”) are defined by a unique identifier. They are characterized by an 

FRM (cf. section 6) and the Fmax of the CNE. In case of implicit modelling, the effect of 

post-fault RAs is modelled by an adjustment value of the critical network elements. Such 

change might be implemented if a TSO knows by experience the influence of one RA or a 

combination of RAs on specific lines. This value will then be respected when calculating the 

capacity domain. The application of implicit RAs has to be performed according to a 

common understanding and decent justifications. 

In contrast to the CWE approach of CBCO files, there is no fixed link between explicit post-

fault RAs and the respective CNECOs. TSOs only define for which CO an explicit post-fault 

RA shall be applicable. The choice whether or not to incorporate the RA in the capacity 

domain will be left to the capacity calculation (cf. section 4.2.4). In particular, it is possible 

to have several RAs for the same CO (cf. Line D in Figure 4-7), leaving the choice to the 

security-constrained optimization.  

In order to make the optimization security-constrained, the input data on RAs also has to 

contain a model of the side effects of RAs. This is to be done via the critical outages: when 

a TSO expects a risk from a RA, the TSO shall combine the COs belonging to that RA with 

the affected CNE(s) and insert the CNECO resulting from this in its input data. This way it 

can be ensured that the optimization algorithm will monitor the CNE under the respective 

RA (cf. section 4.2.4). In Figure 4-7 an example of the concept is given: TSO P knows that 

the RAs applied by TSO A to the outage of line D might have a negative impact on TSO P's 

line G. Therefore, line G is monitored as a CNECO under the outage of line D. In an extreme 

case it would be possible that TSO P monitors all its CNEs under all COs of its neighbouring 

TSOs. 

Obviously, all input should be based on the best forecast of TSOs for the availability of RAs 

in the respective timeframes. 
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Figure 4-7: Illustration of data to be provided about CNEs and post-fault RAs 

Another aspect of input data in the day-ahead process of IDCC is constituted by the step 

“Update Data Preparation DACF&RA” (cf. Figure 3-3). As described in section 4.1.1, there 

is a process of model improvement in place for DACF models. In the course of this process, 

TSOs update their individual DACF models. The first iteration of this improvement is mainly 

aimed to solve consistency issues, like X-node mismatches, but it may also trigger the 

application of pre-fault RAs. TSOs may consider to incorporate RAs in their IGMs, aiming 

at an increased capacity at a certain border. 

Of course, capacity-driven changes to the IGM are of lower importance than security-driven 

RAs that are incorporated in the IGMs. In case that RAs are already prepared in the day-

ahead stage, and therefore incorporated in the DACF models, it has to be ensured that 

intraday trade is not detrimental to the effect of that RAs. When there is a cross-zonal RA 

being implemented on the day-ahead stage, that might lead to capacities being released 

to the market, the use of these capacities would counteract the effect of the RAs. In such 

cases, the available margin of the respective CNEs must be set to a zero or negative value 

by defining an adjustment value to the respective CNECOs (cf. last column of Figure 4-7). 

Intraday process of IDCC 

As indicated in Figure 3-4, an updated version of the data concerning CNEs and post-fault 

RAs has to be provided by TSOs for the intraday process of IDCC. In the trivial case, input 

data remains just the same as in the day-ahead process. In contrast to that, TSOs might 

be willing to release more post-fault RAs to the capacity calculation because uncertainty 

decreases closer to real time. Of course, it is also possible that a post-fault RA became 

unavailable in the meantime and has to be removed. In the latter case it is important to 

understand that withdrawing a RA from the capacity calculation may lead to negative 

margins (cf. section 5.3), depending on the trades realised so far. 

TSO CNECO ID CNE name FRM 
[MW]

Fmax

[MW]
Critical
Outage

Adjustment
Value [MW]

A 0001 Line A 150 1500 Line D - 50

A 0002 Line B 120 1300 Line E -

P 0003 Transformer C 50 800 Transformer F -

P 0004 Line G 90 1000 Line D

…

Critical network element section

Explicit post-fault RA section

TSO Post-fault RA Critical Outage applicability

A Open busbar coupler K {Line D; Line H; Line K}

A PST L + 1 Tap {Line D; Transformer G}

P PST M – 4 Taps {Line Q; Line R}

…
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Similar to the day-ahead process, a step called “Data preparation IDCF&RA” is prescribed 

in the intraday process of IDCC (cf. Figure 3-4). As described in section 4.1.1, the IDCF 

models were originally designed for security assessment. When using them in capacity 

calculation it must be kept in mind, that RAs incorporated in the IDCF model are considered 

to be firm. That means that a TSO, who incorporates a pre-fault RA in its IDCF IGM for the 

sake of capacity increase, should be willing and prepared to implement that RA in real-

time operation. 

Again, capacity reduction to a zero or negative value by an adjustment value must be in 

place in case of cross-zonal RAs that would release capacity to the market.  

4.1.8 Allocation constraints 

4.1.8.1 Experience from Capacity Calculation for the day-ahead market 

CWE 

In the CWE region ACs can be used for two different reasons. Firstly, they can be justified 

if market results beyond such constraints would lead to stability problems. Such stability 

issues would have to be detected via system dynamics studies. Secondly, market results 

which are too far from reference flows, and might have unexpected impact due to 

linearization errors, can be avoided by the ACs. This aspect is of particular importance 

during the introduction of FB allocation because new flow patterns may arise compared to 

the former coordinated NTC approach. The definition of ACs is a responsibility of each 

individual TSO. It is important to understand that these ACs do not limit transit flows. 

 

 

Figure 4-8: French allocation constraints for day-ahead market coupling 

4.1.8.2 Applicability of experiences to IDCC 

The constraints on net positions used in CWE, can easily be applied to IDCC because the 

physical behaviour remains unchanged. Thus, the very same constraints can be used in 

the intraday stage. 

4.1.8.3 Concept for Allocation Constraints in IDCC 

Proposition  
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For ACs that set limits to net positions, the same constraints in the intraday 
stage as in the day-ahead allocation shall be applied in the intraday allocation.  

In order to deal with the abovementioned challenges concerning ramping constraints, it 

must be kept in mind that the market positions, after every single trade in the continuous 

trading environment, have to be technically feasible. This holds for the restrictions resulting 

from FB calculation and for the ramping constraints. Thus, the maximum total hub-to-hub 
capacity 𝐴2𝐵 for increasing the flow from hub A to hub B for market time period 𝑇 should 

be calculated taking into account the netted already-nominated flows in the adjacent hours 

𝑁𝑜𝑚(𝑇 − 1) and 𝑁𝑜𝑚(𝑇 + 1): 

𝐴2𝐵(𝑇) = 𝑚𝑖𝑛[𝐴2𝐵𝐹𝐵(𝑇); 𝑁𝑜𝑚(𝑇 − 1) + 𝑅; 𝑁𝑜𝑚(𝑇 + 1) + 𝑅] (4.8) 

In eq. 4.8, 𝐴2𝐵𝐹𝐵(𝑇) symbolises the hub-to-hub capacity from hub A to hub B resulting 

from the FB computation, and R means the maximum ramp rate, i.e. the maximum change 

in flow between two adjacent market time periods. 

An illustrative example is given in Figure 4-9. In part a) it can be seen that a flow of 0 MW 

was allocated for the ten market time periods under consideration, e.g. due to zero capacity 

in day-ahead. Now, in intraday, a capacity A2BFB of 1000 MW would be available in market 

time periods 4 to 6 due to changed circumstances. However, due to the limited ramp rate 
of R = 500 MW, only 500 MW can be made available to the market. 

In part b) of the figure it is assumed that market participants made use of the newly offered 

capacity. Thus, the capacity now increases to 1000 MW for market time period 5 when 

applying eq. 4.8. If this additional capacity is also used by the market, the situation in 

Figure 4-9 c) will be reached, where the zero nomination in market time periods 3 and 7 

limits the cross-zonal capacity, making sure that the ramping constraint is still fulfilled. 
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Figure 4-9: Illustration of ramping constraints 

For the opposite direction the same principle holds, resulting in the following equation: 

B2A(𝑇) = min[𝐵2𝐴𝐹𝐵(𝑇); 𝑁𝑜𝑚(𝑇 − 1) − 𝑅; 𝑁𝑜𝑚(𝑇 + 1) − 𝑅] (4.9) 

It should be noted that all cross-zonal capacities, considered in this example, are total 

capacities. When presenting the results to the market they have to be reduced by the 

netted already-nominated flows. 

As mentioned in section 4.1.8.1 there are also ramping constraints applicable for the sum 

of more than one HVDC line. In that case the rules on flow path calculation for HVDC links 

(cf. section 5.5.3) have to be incorporated in the application of ramping constraints.  

4.2 Coordinated Intraday capacity calculation 

4.2.1 AC and DC power flow  

An AC loadflow is a computation to analyse power grids in steady state. It solves a non-

linear system of equations in order to determine the voltages and power flows in the 

system. A DC loadflow is an approximation of an AC loadflow. In the DC loadflow the non-

linear loadflow equations are linearized to ease the calculation and to speed up the 

computation; this means that the actual model of the power system is altered and this 

affects the final solution of the loadflow. It yields accurate results in the normal operating 
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range of the high voltage power system studied. It neglects active power losses and 

assumes that magnitudes of nodal voltages are equal.  

Proposition 
For the intraday capacity calculation , the proposition is that the loadflow 
computations, to assess the reference flows, will be performed by means of an AC 
power flow computation. The intraday capacity calculation s are based on the DA 
and ID CGMs. The DA and ID forecast models provide a more accurate 
representation of the grid compared to the D-2 CGMs. It is expected that both 
the DA and ID CGMs provide a solid forecast model with a realistic reactive 
power representation.  
 
Proposition 
A DC loadflow computation is used as fallback option when the AC loadflow 
computation doesn't converge. A detailed description is given in section 4.4. 

4.2.2 Computation of Fref 

The Fref is the resulting physical power flow from the AC loadflow computations performed 

on the DA CGMs and ID CGMs. It reflects the loading of the CNEs given the load, 

generation, exchange programs and outage planning forecasts that are embedded in the 

CGMs and possible outage scenarios that are simulated. The exchange programs include 

all the available nominations for the dedicated hourly CGMs. In case the DC loadflow 

fallback is triggered, the Fref results from the DC loadflow computation. Figure 4-10 

illustrates a schematic overview on the different kind of flows: 

Flows: 

 F0  The resulting power flow on a specific CNE after removal of the 

impact of the exchange programs present in the DA or ID CGM. 

 Fref The resulting physical power flow from the AC loadflow computations on a 

specific CNE. 

 Fref' The resulting power flow on a specific CNE after removal of the impact of 

the exchange programs present in the DA or ID CGM and adjustment to the actual 

nominations for the business day. 

 Fmax The maximum allowed power flow on a specific CNE. 

Margins: 

 FRM The margin reserved to hedge against the uncertainties that are linked to 

the IDCC. 

 FAV Final Adjustment Value: a degree of freedom to either increase or decrease 

the available margin on a CNE manually. 
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Figure 4-10: Illustration of reference flow and margins 

4.2.3 Computation of Power Transfer Distribution Factors 

FB is a capacity calculation method limiting the exchanges between bidding zones directly 

with the maximum flows on the CNECOs and PTDFs. The PTDFs provide a representation 

of the physical flow on a CNECO induced by the variation of the net position of a bidding 

zone. The PTDFs are calculated by varying the exchange programs between bidding zones 

and a slacknode, thereby shifting the power infeed of generators up in the specific bidding 

zone and absorbing the power shift in the slacknode. By creating the shift in exchange, the 

power flows will be influenced. The difference between the Fref and the resulting power 

flow, gives the PTDF per CNECO, thereby giving a sensitivity factor which is relative to the 

induced exchange programs. The FB model is a linear model: every change in the exchange 

programs is translated into flow variations on the CNECOs by multiplication with the PTDFs. 

As a linear model is desired, PTDFs are calculated by means of a power flow and the effect 

of a change of generation and consumption in two zones is linearized at the operating 

point. 

The GSK for the bidding zone has an important influence on the PTDFs, as it translates the 

zonal net position variation into an increase of generation in specific nodes. 

Figure 4-11 gives, for a three-node grid, an example11 of the PTDF calculation, given the 

load, generation infeed and GSK. Considerations: 

 Equal impedances 

 Maximum flow on the branches 100 MW 

 

 

 

 

 

 

 

                                                           
 

11 Example based on Schavemaker: Flow-Based Concept and Methodology, Norwegian Flow-Based 
stakeholder forum (December 2013) 
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1. 3 bidding zone system    2.    GSKs in the 3 bidding zone system 

 

 

 

 

 

 

3. Slacknode setting    4.    PTDF determination BZA slack 

 

 

 

 

 

 

5. PTDF determination BZBslack  6.   PTDF determination BZCslack 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-11: Example for PTDF calculation 

4.2.4 Treatment of remedial actions 

4.2.4.1 Day-ahead process of IDCC 

As discussed earlier, the security-constrained optimization of post-fault RAs shall be based 

on day-ahead market results. The target of the optimization is to cover the day-ahead 

nominations by the intraday FB domain, i.e. to avoid negative margins. In order to do so, 

the capacity domain calculated without any post-fault RAs is used as a starting point. 

In case that the day-ahead nominations are not covered by the FB domain, the origin of 

coordinates (“origin”) will be outside the FB domain as illustrated for two dimensions in the 

upper part of Figure 4-12. In order to get the origin in the domain, it is proposed to first 
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look at the vertex of the domain which is closest to the origin. In order to move the vertex 

closer to the origin, post–fault RAs for the respective CNECO need to be incorporated in 

the capacity calculation. If the optimization succeeds, the CNECOs will be moved in such a 

way that the origin is included in the domain, as indicated in the lower part of Figure 4-12. 

  

Figure 4-12: Illustration of how to optimize post-fault RAs in principle 

A heuristic approach, for finding the best combination of RAs, is described in the following 

pseudo-code: 

01 Compute FB-domain without any post-fault RA (previous process step) 

02 Identify vertices that would occur after presolving 

03 While origin of co-ordinates is outside the FB-domain 

04 Find vertex Vclosest which is closest to the origin (of co-ordinates) 

05 For k=1..K CNECOs intersecting at Vclosest 

06  For l=1..L combinations of RAs attributed to CNECO k 

07   Include RA combination l in the network model 

08   Recompute CNECO k 

09   Recompute other CNECOs with the same CO 

10   If any other CNECO becomes limiting Then 

11    Reject combination l of RAs  

12   Else 

13    Identify vertices that would occur after presolving 

14    Find vertex Vclosest,k,l which is closest to the origin  

vertex closest
to origin

respective
CNECOs

respective CNECOs 
after optimization



 
 
 

  
 
 

52 

52 / 91 

15    Dk,l=Distance12 to origin (Vclosest,k,l) 

16   End If 

17  End For 

18  Dk=minl (Dk,l) 

19 Add combination of RAs belonging to Dk to list of RA to be used 

20 End For 

22 If timeout Then  

22  Break 

23 End If 

24 End while 

25 Recompute FB-domain with list of RA to be used 

26 Return list of RA to be used and optimized FB-domain 

4.2.4.2 Case study number 1: Security-constrained optimization of RAs  

The most important steps of the approach to RA optimization in the day-ahead process of 

IDCC are illustrated in the following via a case study. For the sake of clarity, the present 

case study is limited to a case where only one CNECO is the reason for not covering the 

day-ahead nomination and where only one RA is available. Focus is thus put on how 

possible detrimental effects of the RA on other TSOs can be avoided. 

Initial domain (lines 1-4 of the pseudo-code) 

According to section 4.1.7.2 each TSO specifies which COs are relevant when monitoring 

its CNEs. This implies that a CNE is not monitored for any other specified COs. Underneath 

Figure 4-13 illustrates a two-dimensional initial FB domain, excluding post-fault RAs, which 

is limited by the CNE and CO combinations given by TSO A, TSO B and TSO C. All TSOs 

defined according to local and European risk policies the COs specific to their CNEs (CNEs 

and COs can be identified by unique numbers in the figure).  

In contrast to the abstract illustration in Figure 4-12, attention is now given to the full FB 

domain, including the non-pre-solved CNECOs. As illustrated, TSO A included the defined 

CO2 of TSO B to its own CNE (e.g. according to their RG CE 2nd release OH – Policy 3 

observability area). In line with Figure 4-12 shown before, the origin of coordinates is 

outside the domain, which triggers the optimization of post-fault RAs. The red circle in 

Figure 4-13 indicates the vertex which is closest to the origin.  

                                                           
 

12 The distance has to be defined in such a way that it is counted positively as long as the origin of 
coordinates is outside the domain and negatively when it is inside. 
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Figure 4-13: Initial FB domain 

Rejecting RAs that harm other CNEs (lines 7-11 of the pseudo code) 

Let us now assume that TSO B specified a post-fault RA to CNE2CO2. During the 

optimization, the central capacity calculation system will automatically dedicate this RA2 

to the CNE1CO2 as specified by TSO A. Therefore, the impact of the post-fault RA2 will be 

monitored to the specific CO2, both for TSO B and TSO A. Underneath figure illustrates the 

two-dimensional FB domain including the specified RA by TSO B. 

 

Figure 4-14: Example of risk induced by a RA of another TSO 

With the application of post-fault RA2, by TSO B, a possible SoS risk is encountered by 

TSO A. This is reflected in the calculation by CNE1CO2RA2 from TSO A becoming a limiting 

constraint. The central capacity calculation system therefore does not allow RA2 to be used 

according to line 11 of the pseudo code, although it would relieve the constraint imposed 

by CNE2CO2. The resulting FB domain which will be sent to the TSOs for validation 

purposes would consequently equal the initial domain (as there is no other RA available in 

this example). 
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Accepting RAs that do not harm other CNEs (lines 12-26 of the pseudo code) 

Underneath figure illustrates the two-dimensional FB domain including the specified RA by 

TSO B for the case that no SoS risk is induced by the RA. With the application of post-fault 

RA2, by TSO B, no SoS risk are encountered by TSO A: although CNE1CO2 is moved 

downwards, it does not become limiting. Instead the CNE1CO1 from TSO A remains pre-

solved. The central capacity calculation system therefore allows RA2 to be used. 

 

Figure 4-15: Example of using a RA not inducing risk for another TSO 

According to lines 12 to 15 of the pseudo code, the distance of the lower right vertex to 

the origin of coordinates is recomputed and stored. As there are no RAs attributed to 

CNE6CO6 in this example, the for-loop terminates (line 17). After that, the minimum of 

the distances of the closest vertex to the origin is computed over all combinations of RAs 

that were not rejected, which is easy in the case study, as there is only one RA. This very 

RA is added to the list of RAs to be used (line 19). Finally, the list of RAs used in the 

optimized domain is returned together with the optimized domain. 

The resulting optimized FB domain of the case study which will be sent to the TSOs for 

validation purposes is illustrated in underneath figure. 

 

Figure 4-16: Optimized FB domain to TSOs 
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For the time being, the chosen approach seems to be plausible and pragmatic given the 

limited computation time. Of course, it will have to be checked upon by a proof-of-principle. 

In order to limit complexity it might be necessary, to define a maximum number of post-

fault RAs to be assigned to a CNECO, because the algorithm is supposed to check upon all 

combinations. 

Proof of principle 
The feasibility and applicability of the optimization of post-fault RAs in the day-
ahead process of IDCC needs to be tested during the proof of principle stage.  

4.2.4.3 Intraday process of IDCC 

In the intraday process for IDCC, the security constrained RA optimization consists of two 

major parts: 

 First of all it has to be made sure again, that the FB domain covers the already-

nominated trades. This is not for granted, because the network situation or 

availability of RAs may have changed since the last computation of capacity. This 

can be found in the overview in Figure 4-17 in the box "Optimise post-fault RAs to 

cover nominations" 

 Once it is ensured that already-nominated trades are covered by the FB domain, 

i.e. there are no negative margins, the FB domain may be trimmed to the market 

needs even further by evaluating the already-realised trades on the intraday stage 

for the market time periods under consideration. This can be found in the 

overview in Figure 4-17 below the check "Nominations covered by domain?" 

In both steps, possible detrimental effects on other TSOs will be taken into account. 
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Figure 4-17: RA optimization in the business process intraday 

First target: Optimizing post-fault RAs to cover nominations 

The list of post-fault RAs, that was found in the day-ahead process of the IDCC, is used as 

a starting point of optimization. First, it has to be checked, whether the RAs are still 

included in the CNE&RA input according to section 4.1.7.3, i.e. if they are still available. If 

not, they have to be removed from the list. The next sub-steps strongly resemble the 

approach from the day-ahead optimization, except for the fact that the algorithm is now 

allowed to also remove RAs, because they may no longer be helpful or might even be 

detrimental to SoS in the light of the new information available on the intraday stage.  

That is why the following pseudo-code contains toggling of post-fault RAs, instead of just 

inserting them in the resulting list of RAs to be used: 

01 Remove unavailable RA resulting from day-ahead computation 

02 Compute FB-domain w. available RAs t.b. used from day-ahead computation 

03 Identify vertices that would occur after presolving 

04 While origin of co-ordinates is outside the FB-domain 

05 Find vertex Vclosest which is closest to the origin (of co-ordinates) 

06 For k=1..K CNECOs intersecting at Vclosest 

07  For l=1..L combinations of RAs attributed to CNECO k 

08   Toggle RA combination l in the network model 

09   Recompute CNECO k 

10   Recompute other CNECOs with the same CO 

11   If any other CNECO becomes limiting Then 

12    Reject combination l of RAs  
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13   Else 

14    Identify vertices that would occur after presolving 

15    Find vertex Vclosest,k,l which is closest to the origin  

16    Dk,l=Distance to origin (Vclosest,k,l) 

17  End For 

18  Dk=minl(Dk,l) 

19  Toggle combination of RAs belonging to Dk in list of RA t.b. used 

20 End For 

21 If timeout Then  

22  Break 

23 End If 

24 End while 

25 Recompute FB-domain 

It has to be stressed that also on the intraday stage a possible negative impact on other 

CNECOs that are affected by the same CO as the one linked to a RA are checked against 

that RA (cf. lines 11-13), making the optimization security-constrained. A separate case 

study is not given for the intraday process because it would be very similar to the one 

above. 

Second, subordinate target: Trimming the capacity domain to market needs 

If, and only if, the first step results in the nominated trades being covered by the FB 

domain, further security-constrained optimization will be started. In Figure 4-17, the 

process for selecting further RAs based on realized trades is depicted in an abstract way. 

It consists of three sub-processes, namely  

 finding the relevant trading directions,  

 identifying the respective CNECOs, and  

 selecting RAs for those CNECOs. 

In the following a first proposal for an algorithm to identify the preferred market direction 

(beyond the already nominated trades) is described: by analysing the h2h matrices and 

underlying FB domains respectively, two pieces of information can be received. First, by 

comparing the current h2h matrix to the one before gate opening, the changes of feasible 
exchanges can be detected. Therefore, for each trading direction 𝐴 → 𝐵 of two adjacent 

bidding zones, the current feasible exchange 𝑓𝐴→𝐵 is compared to the feasible exchange for 

the respective direction at gate opening time 𝑓𝐴→𝐵𝐺𝑂
 by subtracting one from the other. If 

the resulting difference is positive this means that capacity in the direction 𝐴 → 𝐵 was used. 

The symbol 𝛼𝐴→𝐵 is introduced for such non-negative differences: 

𝛼𝐴→𝐵 = {
𝑓𝐴→𝐵𝐺𝑂

− 𝑓𝐴→𝐵          , if 𝑓𝐴→𝐵𝐺𝑂
> 𝑓𝐴→𝐵  𝑎𝑛𝑑 𝑓𝐴→𝐵𝐺𝑂

> 0  

        0                               , otherwise                                                   
 

(4.10) 

In the second step, 𝛼𝐴→𝐵 will then be squared and divided by the feasible exchanges at 

gate opening time to receive the relative weight factor �̅�: 

�̅�𝐴→𝐵 =
𝛼𝐴→𝐵

2

𝑓𝐴→𝐵𝐺𝑂

 
(4.11) 

The resulting values are now sorted from high to low values. The highest value will indicate 

the most relevant trading direction. The sorted list contains the answer to the question on 
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which borders the relatively biggest amounts were nominated. As only adjacent bidding 

zones are evaluated, the length of this list equals the dimension of the FB domain. It does 

not matter whether these capacities were used by bilateral trades between A and B or by 

effects of the flow path calculation, cf. section 5.5.3, as the results of flow path calculation 

are inside the h2h matrices. 

Proof of principle 
The formulas proposed to determine the preferred market direction are subject 
to proof-of-principle by extensive numerical experimentation. Particular 
attention shall be paid to situations with zero capacity at gate opening.  

When it comes to finding the limiting CNECOs, the intersection with the axis of the 

respective market direction should be evaluated as illustrated in Figure 4-18. This is 

reasonable, because capacity in the relevant direction will be released directly when the 

constraint can be relieved. 

 

Figure 4-18: Trimming the capacity domain to market needs 

Once the relevant CNECOs have been identified, the RAs have to be chosen accordingly. 

This is done very similarly to the first step of the RA optimization in the intraday process 

of the IDCC. The second step can be described by the following pseudo-code: 

01 Compute a sorted list of most relevant trading directions 

02 For each list element k=1..K 

03 Find the intersecting CNECO closest to the origin (CNECOcl) 

04 For l=1..L combinations of RAs attributed to CNECOcl  

05  Toggle RA combination l in network model 

06  Recompute CNECOcl 

07  Recompute other CNECOs with the same CO 

08  If any other CNECO becomes limiting Then 

09   Reject combination l of RAs  

10  Else 

11  Dl=Distance to origin (CNECOcl) 

12 End For 

13 Dk=minl (Dl) 

14 Toggle combination of RAs belonging to Dk in list of RA t.b. used 

AB

AC

CNECO to 
be relieved

AB

CNECO after 
optimization

AC

direction of relatively 
highest trading volume
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15 End For 

16 Recompute FB-domain 

17 Return list of RAs to be used and optimized FB-domain 

It has to be stressed that also for the second target on the intraday stage a possible 

negative impact on other CNECOs, that are affected by the same CO as the one linked to 

a RA, are checked against that RA (cf. lines 8-10), making the optimization security-

constrained. 

Proof of principle 
The feasibility and applicability of the optimization of post -fault RAs in the 
intraday process of IDCC needs to be tested during the proof of principle stage.  

4.2.5 Visualisation of the flow-based domain 

FB constraints can be seen as a simplified grid model, reflecting the impact of import / 

export positions on the flows on the grid. The example underneath shows, given the three-

node grid model, how the FB domain can be derived and visualised.11 
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Line
Maximum 

flow

Influence 

from zone A

Influence 

from zone B

Influence 

from zone C

A>B 100 MW 33%

B>C 100 MW 33%

A>C 100 MW 67%

PTDFs 

Line
Maximum 

flow

Influence 

from zone A

Influence 

from zone B

Influence 

from zone C

A>B 100 MW 33% -33%

B>C 100 MW 33% 67%

A>C 100 MW 67% 33%

Line
Maximum 

flow

Influence 

from zone A

Influence 

from zone B

Influence 

from zone C

A>B 100 MW 33% -33% 0%

B>C 100 MW 33% 67% 0%

A>C 100 MW 67% 33% 0%

PTDFs 

PTDFs 

Line
Maximum 

flow

Influence 

from zone A

Influence 

from zone B

Influence 

from zone C

A>B 100 MW 33% -33% 0%

B>C 100 MW 33% 67% 0%

A>C 100 MW 67% 33% 0%

B>A 100 MW -33% 33% 0%

C>B 100 MW -33% -67% 0%

C>A 100 MW -67% -33% 0%

C

A B

-10 MW
+10 MW

GSKA1 =0,5 | 190 MW

200 MW

GSKB1 =0,5 | 25 MW

60 MW

GSKC1 =1 | 60 MW

GSKA2 =0,5 | 10 MW

75 MW

GSKB2=0,5 | 50 MW

A B
GSKA1 =0,5 | 190 MW

200 MW

GSKB1 =0,5 |  30 MW

60 MW

GSKA2 =0,5 | 10 MW

75 MW

GSKB2=0,5 | 55 MW

C

GSKC1 =1 | 50 MW

-10 MW

Slacknode

6,7 MW

3,3 MW
+10 MW

A B
GSKA1 =0,5 | 195 MW

200 MW

GSKB1 =0,5 | 25 MW

60 MW

GSKC1 =1 | 50 MW

GSKA2 =0,5 | 15 MW

75 MW

GSKB2=0,5 | 50 MW

C
Slacknode

+10 MW

-10 MW

6,7 MW

3,3 MW

1. FB constraints – influence from bidding zone A 
 

 

 

 

 

2. FB constraints – influence from bidding zone B 
 

 

 

 

 

3. FB constraints – influence from bidding zone C 
 

 

 

 

 

 

4. Definition of the FB domain 
 

 

 

 

 

 

 

 

Assessment of the figure of LineB>C when NPBZ B = 0 MW 

Max_NPBZ A = FMAX/PTDFA = 300 MW 

Assessment of the figure of LineB>C when NPBZ A = 0 MW 

Max_NPBZ B = FMAX/PTDFB = 150 MW 
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The RAM is the free margin that is allowed to be used by the allocation mechanism on a 

CNECO: 𝑅𝐴𝑀 = 𝐹𝑀𝐴𝑋 − 𝐹𝑅𝐸𝐹 − 𝐹𝑅𝑀 − 𝐹𝐴𝑉 

4.2.6 Validation of flow-based parameter calculation / human intervention 

The local TSO can validate the available capacity domain options, being the: 

 Initial Domain, 

 Optimized Domain, and 

 FRM-override Domain. 

See section 4.3 for a more highlighted description. Please note that an emergency override 

is always available and not part of the validation options as such. Local TSO validation is 

not described as this is deemed a local responsibility. 

4.2.7 Pre-solve 

When a TSO defines its CNEs, it is driven by operational experience and grid security 

considerations. Only after the FB parameters have been computed for all TSOs, the import 

/ export positions that the market is allowed to reach during the allocation stage while not 

jeopardizing the grid security are known. At this stage, the constraints that are potentially 

limiting the market coupling outcome are known as well, as illustrated in the figure below. 

The pre-solve function removes all the redundant constraints (from a mathematical point 

of view), therefore maintaining only the binding constraints. Indeed, a redundant 

constraint will never confine the market solution, but it increases computation complexity 

and time. Therefore a minimum / pre-solved set of constraints is given to the capacity 

allocation mechanism. The figure underneath gives a schematical example of the reduction 

of constraints.  

In the two-dimensional example below, three figures are given. Figure 4-19.A reflects the 

FB domain with all constraints, thus the FB parameters of all CNECOs and additional margin 

constraints. The FB capacity domain is defined by the non-redundant CNEs which is 

represented by the yellow area. The pre-solve removes all redundant constraints, Figure 

4-19.B, resulting in Figure 4-19.C. Indeed, the pre-solved set of FB constraints provided 

to the allocation mechanism defines the FB domain: the import / export positions that the 

market is allowed to reach under the market coupling while not jeopardizing the grid 

security. 
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Figure 4-19: Pre-solve 

Conclusion 
A redundant constraint will never confine the market solution, as such a pre-
solve function will be applied to remove all redundant constraints before 
providing them to the allocation mechanism.  
  

Net Position A

Net Position B

Net Position A

Net Position B

Net Position B
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Proof of principle 
The application of a pre-solve function on a pan-European matrix of FB 
constraints needs to tested.  

4.3 Validation process  

Assumption 
It is expected that during the validation stage of the IDCC, in both day-ahead 
and intraday business processes, there is lim ited time available for heavy 
interaction with TSOs and the capacity calculation system.  
 
Proposition 
Default capacity options will be provided to the TSOs, being an Initial Domain, 
an Optimized Domain and an FRM-override Domain (based on initial domain) . 

4.3.1 Input data for the TSO validation process 

DA CGM / ID CGM and GSK 

 DA CGM, ID CGM and GSK for possible local loadflow and grid visualisation 

purposes 

Initial Domain 

 FB parameters for all bidding zones plus the min / max net positions and min / 

max bilateral exchanges (see Figure 4-20) values to neighbouring bidding zones. 

Optimized Domain 

 FB parameters for all bidding zones plus the min / max net positions and min / 

max bilateral exchanges to neighbouring bidding zones. 

 All RA settings applied in the optimized capacity calculation 

FRM-override Domain (based on initial domain) 

 FB parameters for all bidding zones plus the min / max net positions and min / 

max bilateral exchanges to neighbouring bidding zones when FRM is 25% per 

CNECO for the respective TSO 

 FB parameters for all bidding zones plus the min / max net positions and min / 

max bilateral exchanges to neighbouring bidding zones when FRM is 50% per 

CNECO for the respective TSO 

  

Figure 4-20: Min/max bilateral exchanges to neighbouring bidding zones 

1. Min / max exchanges in the 
FB domain from the reference
point (assuming no other exchanges)

2. Min / max exchanges feasible in
the FB domain + the indication
of the other net positions that are 
needed to realize this exchange

1

2
A>B

A>C



 
 
 

  
 
 

64 

64 / 91 

Although it is more the subject of the implementation phase, to define what could be 

presented to operators in detail and how, some elements are provided in the figure below. 

 

Figure 4-21: Ingredients for validation 

4.3.2 TSO validation process 

Given the time pressure, there is hardly any time for heavy interaction and coordination 

with the TSOs and the capacity calculation central system. Therefore default capacity 

options have been proposed so far: 

 Initial Domain, 

 Optimized Domain, and 

 FRM-override Domain (based on initial and / or optimized domain). 

As a result of validation, a TSO can only reduce but not increase the margins on its own 

CNEs. A reduction of a TSOs margins does not impose security risks on other TSOs. 

There may be problems that cannot be tackled by the abovementioned choices between 

default capacity options. Therefore, another option is given to TSOs: in case a TSO 

encounters problems to a certain net position, the specific TSO has the opportunity to 

constrain a certain net position. The TSO can include an AC to limit e.g. an export position 

to their respective bidding zone. On top of that, manual intervention is supposed to be 

possible in the central capacity calculation system thereby providing the TSOs the 

opportunity to reduce margins on only their CNECOs. 

In the following, a case study is presented in order to illustrate the validation process by 

TSOs. 

4.3.2.1 Case study number 2: Validation of the flow-based domain 

Choosing domain options 

TSOs have the opportunity to locally assess the resulting FB domains from the central 

capacity calculation, by means of e.g. a loadflow and / or contingency analysis. The 

validation of the resulting FB domains is a local responsibility.  

Resulting from the local validation, TSOs can opt for the three capacity options. For the 

case study, the following is considered: 
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 TSO A opts for the FRM override domain,  

 TSO B opts for the optimized domain, or 

 TSO C opts for the optimized / original domain (CNECOs of TSO C are equal for 

both domains). 

The choices made are illustrated in the figure below. Please note that, although there is no 

difference in the margins of the CNECOs of TSO C, a larger vertex has become available 

due to the choice for the optimized domain by TSO B, compared to the initial, non-

optimized domain indicated by a dotted line (cf. Figure 4-13). 

 

Figure 4-22: Choosing FB capacity domain options 

Additional allocation constraint 

TSO C is now in the situation that its maximum net position was increased by the security-

constrained optimization. Although this does not infringe the limits set by TSO C's CNECOs 

there might be reasons to limit the net position. See Figure 4-23 illustrating an AC forced 

by TSO C to limit its export net position.  

 

Figure 4-23: Including an allocation constraint after validation 
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Manual intervention 

Manual intervention is envisaged in the central capacity calculation system thereby 

providing the TSOs the opportunity to reduce margins on only their CNECOs. In underneath 

illustration, TSO C only reduces the margin on one of its CNECOs (instead of reducing it on 

all its CNECOs by FRM override). 

 

Figure 4-24: Manual intervention after validation 

Proof of principle 
The framework of the validation phase is subject to proof of principle.  

4.3.3 Output data from the TSO validation process and input data for the allocation 

mechanism 

Pre-solved flow-based parameters 

  1 hour resolution 

  15 minute resolution 

Intertemporal constraints 

  DC ramping constraints; hourly resolution 

Hourly resolution can be applied because on a DC link only hourly products are 

available up to now. Virtual bidding areas within the Advanced Hybrid Coupling 

represent the DC links in the PTDF matrix and are not impacted by the 15 minute 

products. Or in other words, 15 min. products only have impact on synchronised 

areas in which they are traded. 

  Net position constraint; hourly resolution 

The net position constraint applies on the four quarters of the hour as indicated in 

the graph below. 

 Net position constraint; 15 min resolution 

The net position constraint applies on each quarter of the hour individually. 

CNECO TSO C
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Figure 4-25: Net position constraint 15 minute and hourly resolution 

4.4 Fallback solutions 

Within the process of calculating FB parameters it can be the case that due to particular 

circumstances it is impossible to compute FB parameters. These circumstances can be 

linked to: 

 Technical failures of local or central tools, 

 Transfer data failures, 

 Missing input or output data, or 

 Corrupted input or output data. 

A full set of FB parameters must be delivered in all cases and the set of parameters must 

cover the entire day. Indeed, implicit allocation with block bids enforces the system to have 

FB parameters for the whole day.  

In order to deliver FB parameters under all circumstances, fallback procedures must be in 

place to provide TSOs the opportunity to deliver the full set of parameters: 

 Replacement strategy 

 Spanning strategy 

If the fallback options do not provide a resolution, TSOs can always apply an ultimate 

fallback option: 

 Zero capacity 

The figure below shows the general approach followed for the fallback application. 
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Figure 4-26: General approach to fallback application 

The full FB parameter set must be delivered under all circumstances. When FB parameters 

sets are missing for specific hours, an approach will be followed to calculate the FB 

parameter set(s) for the missing hours. 

Proposition 
First fallback solution, replacement strategy  
The replacement strategy fallback solution is triggered when input data is 
missing. Before activating the spanning strategy, which reproduces a FB 
parameter set by interpolation of results, all efforts must be put in place to 
replace corrupted / missing input data in order to retrieve realistic FB 
parameter sets. 
 
 
 
 
Proposition 
Second fallback solution, spanning strategy  
The spanning strategy fallback solution is triggered when the replacement 
strategy does not result in full FB parameter sets.  
 
Proposition 
Final fallback solution, zero capacity strategy  
The zero capacity strategy fallback solution is triggered when the replacement 
strategy and spanning strategy fallback solutions don't result in full FB 
parameter sets. Zero capacities will be applied for the hours where no FB 
parameter sets are available.  
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4.4.1 Fallback solution 1: Replacement strategy 

TSOs can trigger the replacement strategy when required input data for the calculation of 

the FB parameters is missing. The replacement strategy is put in place for all input data: 

 DA CGM 

 ID CGM 

 GSK file 

 CNECO file 

 AC 

4.4.1.1 Replacement of DACF files and IDCF files 

Within ENTSO-E RG CE 2nd release OH – Policy 4: Coordinated Operational it is described 

that TSOs have to deliver on a daily basis four mandatory DACF files (timestamp 3h30, 

10h30, 12h30 and 19h30). The current state of the complete European DACF process is 

well-matured and therefore it can be stated that TSOs will provide 24 DACF files per day. 

In case of unforeseen circumstances and a non-delivery of DACF files / IDCF files, fallback 

procedures will be activated by the TSC Joint Office. 

4.4.1.2 Replacement of GSK files 

The conversion process of files from the TSOs unique format to the DA / ID CGM file format 

allows for names of internal nodes to change. Since GSK files use the same nodes as the 

DA CGM / ID CGM, mixing a GSK and a DA CGM / ID CGM for a different period (but for 

the same TSO) involves a risk of non-coherency, which should be avoided. Within the GSK 

files TSOs can set-up a GSK for different timestamps: 

 GSK valid for a complete day 

 GSK valid for specific hours  

When applying a replacement strategy of a GSK file, the system runs the high risk of non-

coherency of the DACF / IDCF and GSK files, as previously indicated. Hence, when a GSK 

file is corrupt or missing, the GSKs for all nodes (for the specific bidding zone(s)) will be 

calculated pro-rata, based on the generation profile that is present on the nodes in the 

DACF / IDCF files. 

4.4.1.3 Replacement of CNECO files 

The conversion process of files from the TSO´s unique format to the DA / ID CGM file 

format allows for names of internal nodes to change. Since CNECO files use the same nodes 

as the DACF / IDCF files, mixing a CNECO file and DACF / IDCF file for a different period 

(but for the same TSO) involves a risk of non-coherency, which should be avoided. Within 

the CNECO files TSOs can set-up a CNECOs for different timestamps: 

 CNECOs valid for a complete day 

 CNECOs valid for specific hours  

Therefore, if a CNECO file is corrupt or missing all effort must be put in place in providing 

the missing file. In case of a non-delivery of a CNECO file, no constraints of that specific 

bidding zone can be taken into account, meaning having no FB parameters available for 

the specific bidding zone. Moreover, a missing CNECO will not only influence the related 

bidding zone but also other bidding zones as the CNECOs can also limit these capacity 

domains. If the naming conventions within the DA CGM / ID CGM are generic, default 

CNECO files can be applied hence always providing constraints for specific bidding zones. 
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4.4.1.4 Replacement of the allocation constraint file 

The AC describes specific limitations (import / export limits declared by TSOs) not 

associated with CNECOs. The AC file is a static file which can be updated on a periodic 

basis. In case of a corrupt or missing AC file, the following replacement strategy can be 

activated: 

 Look for D-1 file if working on Tuesday, Wednesday, Thursday and Friday 

 Look for D-7 file if working on Monday, Saturday and Sunday 

 Last available day file 

4.4.2 Fallback solution 2: Spanning method 

The FB methodology is very sensitive to its input data. Therefore, rather than replacing 

input data, a so-called spanning method can be applied that reproduces the full FB 

parameters set for missing hours based on output data only. Figure 4-27 illustrates an 

example of the spanning method when missing one specific hours. 

When FB parameters are missing for less than a certain number of consecutive hours, it is 

possible to compute FB parameters by using the spanning method. When reproducing FB 

parameters on the basis of interpolated inputs for more than a specific number of hours, 

results will be unrealistic and cannot be provided to the intraday market. 

Proof of principle 
Assess the number of hours that can be reasonably spanned.  

The spanning process is based on an intersection of previous and sub-sequent available FB 

domains, after adjustment to 0 MW balance (to remove the impact of the reference 

program of that hour). 
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Figure 4-27: Example of spanning, by intersecting two neighbouring domains 

All pre-solved CNECOs, from the preceding timestamp (hour x) and the subsequent 

timestamp (hour x+2) are added to each other. The most constraining pre-solved CNECOs 

are now respected and an intersection for the missing timestamp (hour x+1) results. The 

resulting domain is shifted according the net position of the missing hour(s). 

4.4.3 Option 3: Zero capacity 

TSOs always have the possibility to reduce the capacity for intraday markets to 0 MW. If 

due to extreme circumstances, the fallback options 1 and 2 do not resolve in reliable FB 

parameters, the central capacity calculation mechanism will release 0 MW available 
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margins to the capacity allocation mechanism for the specific hours where no FB 

parameters were available (RAM = 0). 

The 0 MW margin FB parameters are default FB parameters which block trades for all 

bidding zones. All trades have to be blocked because a hub-to-hub trade can use different 

bidding zones. If a certain bidding zone doesn't fulfil the requirements of having PTDF 

parameters, a certain trade between hubs can lead to security of supply problems. 
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5 Continuous Intraday capacity allocation 

5.1 Intraday capacity allocation 

The target ID capacity allocation is one where capacities are implicitly allocated by applying 

a first-come, first-served mechanism. The European target model is depicted in Figure 5-1. 

  

Figure 5-1: European target ID allocation mechanism 

A major challenge of this ID allocation mechanism is the combination of continuous trading 

and a pricing for the ID capacity as required by the CACM NC. The capacity pricing issue is 

at this point in time not yet taken up. 

The ID platform consists of two modules: the SOBF (Shared Order Book Function, which 

pools all the PX’s bids and offers for ID trade) and the CMM (Capacity Management Module, 

which provides the available cross-zonal capacity for ID trade) that interact with one 

another. In the continuous trading mechanism, a trader can log in at his bidding zone and 

monitor the available electricity bids in the same bidding zone and, depending on available 

capacities, on the other bidding zones. The trader can also give a bid into the system. The 

platform will check if the bid can be matched: 

 If the matching bid is in the same bidding zone, no cross-zonal capacity is needed 

 If the matching bid is in another bidding zone, the bids will be given to the 

capacity queue. Capacity will be checked and - if available - capacity will be 

allocated 

After each trade that is allocated, the available cross-zonal capacity is updated in the CMM. 
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Figure 5-2: The capacity domain in the ID allocation mechanism  

As indicated in Figure 5-2 (on the left), the ID capacity calculation is a two-step process: 

 Calculation of 24 initial hourly capacity domains based on DA CGMs. The resulting 

capacity domains are provided to the Capacity Management Module (CMM), where 

the corresponding h2h matrices are computed. This is illustrated in Figure 5-3 a. 

Indeed, ID being a first-come, first-served mechanism, the maximum bilateral 

trades between two bidding zones feasible (i.e. non-simultaneous values) are the 

relevant values for the allocation, and need to be extracted from the capacity 

domain. 

 Permanent update of the initial domains within the CMM after each trade that is 

realised: the capacity domain will shift without changing the shape of the domain. 

After the domain has been updated (i.e. shifted), the new h2h matrix will be 

derived from this updated domain. This is illustrated in Figure 5-3 a and b. 
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Figure 5-3 a and b: Update of trading possibilities  

Proof of principle 
The feasibility and applicability of the FB domain / h2h-approach of the capacity 
domain under continuous ID trade needs to be tested during the proof of 
principle stage.  

5.2 Capacity allocation products 

5.2.1 Background 

The usual timeframe for which traders can buy energy on the intraday market is an hourly 

one. This means that the resolution of energy to be traded is a minimum of 60 minutes. 

This holds for most cross-border trades. Anyway, already nowadays there are a few borders 

which allow a product resolution of 15 minutes. In this section of the IDCC concept the 

problems linked to the non-harmonisation of product resolution between different borders 

are presented as well as three solutions to mitigate those issues. 

5.2.2 What issues might be encountered with non-harmonized products?  

First of all it has to be explained what is meant by the timely resolution of the energy 

products and in which context they stay with the recalculation of the available capacities. 
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The IDCC foresees a hourly recalculation of the available capacities. That means, without 

unforeseen incidents in the grid during ID, a calculated capacity domain for a given 

timeframe (i.e. a specific hour XX:XX to X(X+1):XX) can be firmly given to the market and 

won’t change its shape or volume respectively. For each following hour the capacity domain 

can differ in shape and volume due to the newly used information. 

Each trade after GO will then only shift the domain and change the available h2h values 

on particular borders for a specific hour (as explained above). On borders with 15-minute 

products available, the same domain will be used for each quarterly hour (resulting in 96 

domains for the whole day). On a border with only 60-minute products available, also 96 

domains will be used. Hourly products will act as a block bid (a block of the 4 quarters of 

an hour) and will be checked on its feasibility on the 4 quarterly FB domains. The impact 

of 15-minute products will only be checked and reflected in the FB domain of that specific 

quarter. This can be explained by an example. 

In a system consisting of four hubs, being A, B, C and D, there are hourly products traded 
on border AB and 15-minute products on border CD. Furthermore we will now look on 

one specific hour – e.g. 09:00 – 10:00. 

Table 5-1: original h2h values 

 09:00-09:15 09:15-09:30 09:30-09:45 09:45-10:00 

AB 500 500 500 500 

CD 1000 1000 1000 1000 

If now a trade takes place on border AB with an amount of 100 MW for the timeframe 

09:15 – 09:30, the available capacity on border CD is reduced by -200 MW; and this not 

only for the time from 09:15 to 09:30, but for the whole hour 09:00 – 10:00, as there is 

no higher resolution available on border CD.  

In the table below, two trades take place from AB, being Trade (AB) = 100 MW for 

timeframe 09:15-09:30 and trade (AB) = 200 MW for timeframe 9:00 – 9:15: 

Table 5-2: impacted h2h values after trade  

 09:00-09:15 09:15-09:30 09:30-09:45 09:45-10:00 

AB 300 400 500 500 

CD 600 800 1000 1000 

CD (published) 600 

Therefore, for the border CD only the lowest capacity of all four quarterly shifted domains 

will be given to the market by the h2h matrix. The bids are considered as block bids on 

this border. It is necessary to reflect each 15-minute trade and the resulting shift of the 

capacity domains on the whole hour of borders without this high resolution, to prevent the 

market from taking infeasible positions from the grid security point of view.  

Conclusion 
In a coordinated FB IDCC based on continuous trading all products are 
“automatically” put on the same resolution level. From the market efficien cy 
point of view, trades performed with the more frequently available products will 
create “blind” trades where capacity is reduced to comply with the hourly ones 



 
 
 

  
 
 

77 

77 / 91 

whereas no energy trade will take place. This can lead to a loss in social we lfare 
imposed by the first-come first-served method. 
 
Proof of principle 
The approach proposed to deal with the application of non -harmonized products 
needs to be tested during the proof of principle stage.  

5.2.3 How to make the FB IDCC suitable with all products 

Obviously there are two pragmatic and more or less easy solutions to solve the above 

mentioned issues. The first one is a harmonisation of the products timeframe. This means 

that for each region where the IDCC is applied, only harmonized products with a specific 

defined timeframe are available for cross-zonal capacity allocation.  

The other solution would be to only allow block bids for the borders with smaller products. 

For the example of section 2 a trader would only be able to buy four times 100 MW from 

A-->B for all four quarters at once. Since it would moreover not be possible to cross the 

timeframes (e.g. 09:30 – 10:30), this would imply that products with higher resolution 

just do not exist for cross border trades and therefore would be a “fictive” harmonisation. 

5.3 Precongestions 

As a result of the FB parameter calculation pre-congestions may result. A pre-congestion 

is defined as a congestion before any additional allocations. In principle, two options are 

proposed below to deal with this situation in IDCC. The second option can only work when 

capacity pricing is in place and is desired from a market design point of view. It is therefore 

considered as a long-term option. The IDCC concept is compatible with both options. 

5.3.1 Zero margin on pre-congested line 

A straight-forward solution consists of replacing the negative remaining h2h values by zero. 

In this case, no capacities are allowed on the relevant CNECO. However, the margins of 

the FB domain are left untouched.  

Proof of principle 
The approach of having pre-congested lines, where the negative remaining h2h 
values are curtailed to zero, needs to be tested during the proof of principle 
stage.  

5.3.2 Negative margins and capacity pricing 

Since IDCC is calculated after DA market and due to uncertainties (RES, not binding 

schedules) pre-congestions may arise.  

Let’s assume that capacity pricing is put in place as required in the CACM NC. If negative 

margin are given to the market, an incentive is automatically given to the market for 

releasing the contingency. The value of the capacity will in this case be negative and the 

market participants will receive a price for using this capacity. However, a check may be 

performed to ensure that the price of the capacity is lower than the price for the cross-

border redispatch. 

Investigations out of the scope of the CTF IDCC . 
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The applicability as well as the implementation plan in the SO BF is not tackled 
in this concept, but could be further elaborated w ith ENTSO-E market 
department. 

5.4 Ramping constraints or intertemporal constraints 

Ramping constraints are intertemporal constraints. They put a constraint on the change in 

value of a parameter from one hour to another. These intertemporal constraints may be 

needed to limit too large changes in: 

 Net positions from one hour to another 

 DC cable exchanges from one hour to another 

 
Assumption 
The intertemporal constraints need to be consistent with the ones applied on the 
DA stage, but can be overruled by the TSO. This means that a restriction applied 
on the DA stage, and respected on the DA stage, cannot be violated on the ID 
market. 

The intertemporal constraints need to be reflected in the h2h matrix, in order to prevent 

that too large trading opportunities are presented to the market participants whereas they 

are not feasible. 

 

Figure 5-4: Intertemporal constraints are an input to the CMM 

This implies that the FB domains, and as such the h2h matrices, of the various hours of 

the day are interlinked to one another. 

Conclusion 
A trade on one hour does not only require the update of the FB domain and h2h 
matrix of this hour, but possibly of the neighboring hours as well.  

5.4.1 Net position ramping constraints 

Consider the hourly net positions of a bidding zone “A” as mentioned in the table below. 

The net position constraint for this bidding zone equals 2500 MWh; this means that from 

one hour to another the bidding zone’s net position cannot change more than 2500 MWh. 
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Table 5-3: net position ramping constraint example step 1 

h NP NP(h)-NP(h-1) NP(h)-NP(h+1) Max increase NP(h) Max decrease NP(h) 

1 1000 X -1000 2500-(-1000) = 3500 -2500-(-1000) =  
-1500 

2 2000 1000 2500 2500-(2500) = 0  -2500-(1000) = -
3500 

3 -500 -2500 -500 2500-(-500) = 3000 -2500-(-2500) = 0 
4 0 500 -2000 2500-(500) = 2000 -2500-(-2000) = -500 
5 2000 2000 … … … 
. … … … … … 

Or for the same bidding zone with slightly altered net positions: 

Table 5-4: net position constraint example step 2 

h NP NP(h)-NP(h-1) NP(h)-NP(h+1) Max increase NP(h) Max decrease NP(h) 

1 1000 X -2000 2500-(-2000) = 4500 -2500-(-2000) = -500 
2 3000 2000 2500 2500-(2500) = 0 -2500-(2000) = -

4500 
3 500 -2500 500 2500-(500) = 2000 -2500-(-2500) = 0 
4 0 -500 -2000 2500-(-500) = 3000 -2500-(-2000) = -500 
5 2000 2000 … … … 
. … … … … … 

The maximum allowed increase of the net position on hour h (max increase NP(h)) is 

defined as: (Hourly allowed net position change) - Max{(NP(h)-NP(h-1)),(NP(h)-

NP(h+1))} 

The maximum allowed decrease of the net position on hour h (max decrease NP(h)) is 

defined as: (Hourly allowed net position change) - Min{(NP(h)-NP(h-1)),(NP(h)-

NP(h+1))} 

The maximum allowed increase and decrease of the net position of bidding zone “A” on 

hour h, adds two rows to the FB matrix of hour h. An example is shown in the figure below 

where the two additional rows for hour 1 are given (based on the latter table): 

 

Figure 5-5: net position ramping constraints introduce two additional rows to the hourly 
PTDF matrices for each bidding zone where net position ramping constraints are applied 

Conclusion 
Net position ramping constraints introduce two additional rows to the hourly 
PTDF matrices for each bidding zone where net position ramping constraints are 
applied. 
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Proof of principle 
The application of intertemporal constraints on the capacity domain needs to be 
tested during the proof of principle stage.  
 

The CMM functionality required to cover these functionalities is schematically displayed 

below. 

  

Figure 5-6: CMM functionality to deal with the intertemporal constraints 

5.5 How to deal with ATC-connected countries / DC links 

Although the concept for IDCC, developed by the TSC Conceptual Task Force ID Capacity 

Calculation (CTF IDCC), is based on FB capacity calculation, it allows the use of ATCs as 

well. This chapter touches upon the question on how to deal with the ATC-connected 

countries and DC links. 

 

 

5.5.1 Advanced Hybrid Approach 

In CWE, two approaches have been developed to take ATC exchanges and DC cables into 

account into the FB capacity calculation and allocation: 

 Reserve margin for the DC cable exchanges and ATC exchanges: i.e. ATC 

exchanges as well as DC cable exchanges receive a priority access to the grid 

(referred to as standard hybrid approach) 
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 The influence of DC cable exchanges and ATC exchanges on the margins of the 

CNEs in the FB model are taken into account during the allocation stage: i.e. 

PTDFs need to be computed that reflect the impact of the ATC exchanges and DC 

cable exchanges on the margins of the FB constraints (referred to as advanced 

hybrid approach) 

The hybrid approach refers to a single allocation mechanism in which both ATC and FB 

constraints are taken into account. 

The closer to real time, the more detailed the grid model used in the allocation mechanism 

can be, and should be. From this perspective, the advanced hybrid coupling model is the 

preferred way forward. Indeed, the inefficiencies of the standard hybrid coupling would 

unnecessarily hamper the ID market. 

Conclusion 
The standard hybrid coupling will not be touched upon in the remainder of this 
document. 

While the concept of ATC in itself is a bit artificial, the DC cable is, in a way, the physical 

reality of an ATC. Nevertheless, the DC cable exchanges were mentioned separately in the 

text above (and not referred to as ATC exchanges in a generic way). Indeed, whereas in 

the FB parameter computation of the FB area, the impact of the ATC-connected bidding 

zones can be computed in the same run (by using a GSK per ATC bidding zone and having 

one additional column per ATC bidding zone in the PTDF matrix), a DC cable starts and 

ends at a dedicated point within the AC grid (at the converter and inverter stations). The 

advanced hybrid approach models the DC cable as an ATC capacity. The sending and 

receiving end of each DC line is modelled as two virtual bidding zones, with a net position 

that reflects the exchange over the line (with opposite sign). 

 

Figure 5-7: ATC area connected to a FB area 

 

 

For the example shown in Figure 5-7, where an ATC area is connected to a FB area, this 

implies the following FB and ATC constraints to be respected. 

FB: 
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ATC: 

 ATC(BA) ≤ Exchange(AB) ≤ ATC(AB) 

 ATC(CA) ≤ Exchange(AC) ≤ ATC(AC) 

 ATC(DA) ≤ Exchange(AD) ≤ ATC(AD) 

 ATC(DB) ≤ Exchange(BD) ≤ ATC(BD) 

 ATC(DC) ≤ Exchange(CD) ≤ ATC(CD) 

 ATC(UD) ≤ Exchange(DU) ≤ ATC(DU) 

 ATC(XC) ≤ Exchange(CX) ≤ ATC(CX) 

In the next example two FB areas, interconnected by means of DC cables, are shown. 

 

Figure 5-8: Two FB areas, interconnected by means of DC cables  

The sending and receiving ends of the cables have been modelled as virtual bidding areas 

(B1,V1, D1, X1, F1, Z1). As many columns are now added to the PTDF matrix as there are 

virtual bidding zones. The following FB and ATC constraints need to be respected. 

 

 

 

 

 

 

 

FB: 
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ATC: 

 ATC(V1B1) ≤ Exchange(B1V1) ≤ ATC(B1V1) 

 ATC(X1D1) ≤ Exchange(D1X1) ≤ ATC(D1X1) 

 ATC(Z1F1) ≤ Exchange(F1Z1) ≤ ATC(F1Z1) 

5.5.2 h2h matrix 

The h2h matrix indicates the maximum exchanges that are feasible between all bidding 

zones (including non-neighbouring ones) without violating the FB and ATC constraints. The 

h2h matrix can be determined by solving a sequence of linear optimization problems where 

the exchange between two bidding zones is maximized whereas the other bidding zones 

have a zero net position. 

This is illustrated in the equation below, where the maximum exchange from bidding zone 

A to bidding zone Z is determined. 

Max:  NP(A) 

Subject to: NP(A) + NP(Z) = 0 

  All other NPs = 0 

  FB constraints 

  ATC constraints 

 
Proof of principle 
The assessment of the h2h matrix under an advanced hybrid approach needs to 
be tested during the proof of principle stage.  
 

5.5.3 Path determination 

Nowadays, it is mentioned in the requirements for DBS: 

H2h matrix is for publication/information only 
Allocation on the basis of the capacity matrix (being the ATCs between the neighbouring countries) 

Indeed, the h2h only indicates what is the maximum exchange feasible between the 

bidding zones; it does not say anything about the path from source to sink. This question 

is not relevant as such under a pure FB system: with the net positions only, the electrical 

path from source to sink is defined by the PTDFs, and the left-over capacity (i.e. the 

capacity after the trade) is immediately available. This is not the case under ATC, and 

requires an additional action. 

Conclusion for the path determination:  
If source and sink are both within the same FB area, there is no issue. 
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If source and sink are both within the same ATC area, there is no issue: apply the 
shortest path method as applied today. 

Issues arise in the other situations, as shown in the two cases below… What is now the 

path from A to Z? Or in other words: how is the ATC capacity and FB margin used? 

Case I 

 

Figure 5-9: Two FB areas, interconnected by means of DC cables  

Case II 

 

Figure 5-10: ATC area connected to a FB area 

Proposition 
The path determined by the assessment of the maximum exchange feasible 
between two bidding zones will be leading (‘scaled’) for the path determination 
of an exchange between those two bidding zones. 
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This approach is illustrated by the two examples below. 

The maximum exchange feasible from bidding zone A to bidding zone Z amounts 500 MW. 

The corresponding flow pattern, being a result of the maximum exchange determination, 

is shown in the graph on the left. In the case that a 250 MW exchange from bidding zone 

A to bidding zone Z is now allocated, the pattern on the right will be used. 

 

Figure 5-11: Path determination for an ATC area connected to a FB area  

In the example below, the maximum exchange feasible from bidding zone A to bidding 

zone Z amounts 600 MW. The corresponding flow pattern is shown in the graph on the left. 

In the case that a 60 MW exchange from bidding zone A to bidding zone Z is now allocated, 

the pattern on the right will be used. 

 

Figure 5-12: Path determination for two FB areas, interconnected by means of DC cables  

 
Proof of principle 
The path determination needs to be tested during the proof of principle stage.  
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5.5.3.1 How to deal with socialized and non-socialized cables? 

Discussions are currently ongoing on introducing losses on DC cables in the DA allocation 

mechanism; for some cables the losses are already taken into account today. This implies 

that if the welfare gain by flowing over a DC cable is lower than the losses that are linked 

to facilitating this flow on the cable, the DC cable will not flow. 

Proposition 
If a DC cable is not flowing after the DA stage, both the following options are 
compatible with the IDCC concept provided: 
 the ID stage cannot change this position, as it is not known in advance 

how many allocations will be made at the ID stage and the fact that 
currently no pricing is taken into account (so that welfare considerations 
are not feasible) 

 the ID stage can change this position. Indeed, market circumstances can 
change significantly towards intraday, and ID trade possibilities should 
not be blocked based on DA market outcome only.  
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6 FRM analysis 

During the capacity calculation, assumptions are made that are subject to change in the 

time between capacity calculation and allocation. It can be related to external exchanges, 

approximations within the FB methodology or differences between forecasts and realised 

programs. For this reason, a FRM should be reserved in order to cover the uncertainties 

and to prevent that on day D, TSOs will be confronted with flows that exceed the maximum 

allowed flows of their grid elements. The FRM will reduce the remaining margin that can 

be provided to the market. For the intraday capacity calculation, a comparison needs to be 

made between the realised flows and the predicted flows (either based on a DA or ID CGM). 

As the actual grid situation is reflected in the SNs, including real-time deviations of the 

scheduled exchanges, the FB model derived from the DA / ID CGM needs to be fed with 

the realised schedules as a basis for the flow prediction and in order not to label those 

elements as an uncertainty for the IDCC. Hereafter, the figure depicts the general process 

for calculating the FRM:  

 

Figure 6-1: Process for calculating the FRM 

The basic idea behind the FRM determination is to quantify the uncertainty by comparing 

the FB model to the observation of the corresponding timestamp in real time. More 

precisely, the base case, which is the basis of the FB parameters computation, is compared 

with a snapshot of the transmission system on day D. A snapshot is like a photo of a TSOs 

transmission system, showing the voltages, currents, and power flows in the grid at the 

time of taking the photo. 

In order to be able to compare the observed flows from the snapshot with the predicted 

flows in a coherent way, the FB model is adjusted with the realised schedules corresponding 

to the instant of time that the snapshot was created. In this way, the same commercial 
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exchanges are taken into account when comparing the forecast flows with the observed 

ones. 

The differences between the observations and predictions are stored in order to build up a 

database that allows the TSOs to make a statistical analysis on a significant amount of 

data. Based on a predefined risk level, the FRM values can be computed from the 

distribution of flow differences between forecast and observation. 

The process to calculate FRM is expected to be performed once or twice a year. The analysis 

is a static off-line statistical study. The FRM will then be applied for a certain period of time 

until the next FRM recalculation. As such, the FRM is a constant value during a certain 

period. On demand, a TSO can ask for a new FRM computation. 

Notice: If a TSO wants to increase or decrease the RAM of a CNE, the FRM remains 

unchanged: the FAV ensures the degree of freedom, thereby impacting the RAM, such in 

order to provide transparency on the changes made. 

In IDCC, on the contrary to the two day-ahead FRM calculation, the forecasted flows are 

calculated based on the DA CGM after model improvements and the ID CGM. These 

datasets are already stored at the TSC TSOs – Joint Office. A comparative FRM study will 

be performed between DA CGM respectively ID CGM with real-time snapshots. The same 

inputs / assumptions / principles will be applied in the FRM analysis of the DACF and IDCF 

files, where the focus will be on the difference between the FRM values resulting from the 

two grid models. As such, the GSK can be a proportional one, automatically applied by the 

grid analysis software (as such, no dedicated input from the TSOs is required). 

At a later stage, two different FRM values (𝐹𝑅𝑀𝐷𝐴 for the DA model and 𝐹𝑅𝑀𝐼𝐷 for the ID 

model) will be calculated. It is expected to obtain values where 𝐹𝑅𝑀𝐷𝐴 > 𝐹𝑅𝑀𝐼𝐷 since the 

uncertainty should decrease when getting closer to real time. The upcoming analysis should 

prove the last equation. 

For the CNEs the same set can be applied as on the DA stage, or a list of all the 380kV 

lines in Europe. 

Proof of principle 
The FRM assessment based on both DACF and IDCF CGMs is part of the proof of 
principle stage.  

6.1 Methodologies for extracting the FRM. 

Regarding the FRM calculation derived from the built database, it is up to the local risk 

policies of the TSOs to develop a methodology. Currently, different methodologies have 

been developed in the different regions for the two-day ahead FRM calculations. One of 

these methods consists of considering the sample of the difference between the realised 

flows and the predicted flows. Hereafter an example: 
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Figure 6-2: Exemplary sample of difference between realised flows and predicted flows 

The experience shows that the distribution of the difference between the realized and the 

predicted flow follows a normal distribution as can be seen from Figure 6-3. 

 

Figure 6-3: Exemplary distribution of flow differences 

The TSOs fix then a given risk level and the FRM is then directly deduced. Some TSOs may 

also consider a bias and take into consideration the mean μ of the distribution. 

Proposition 
CTF IDCC recommends the above-described methods to calculate the FRM. 
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6.2 PST Adjustment and setting of DC links 

With PST settings being a deliberate action of a TSO, the use of a PST should not lead to a 

reduction of the RAM, and as such it should not be part of the FRM. The same holds true 

for the DC link settings. For this reason, the following methodology will be applied to 

eliminate the impact of the PSTs and DC link settings. 

 

Figure 6-4: PST and DC link adjustment in FRM analysis 

It means, that the PST tap position, respectively the DC link settings, are extracted from 

the SN and are then applied to the DA CGM and ID CGM. 

6.3 N versus N-1 Calculation 

The CTF IDCC investigated the need for calculation of N-1 FRM. The precision of such a 

calculation can be challenged for the following reasons: 

 FRM analysis is based on a comparison between realised flows and the predicted 

flows, i.e. observation versus simulation  

 While a SN as such is an observation, the calculation of N-1 cases based on a 

merged SN is a simulation, and the N-1 FRM analysis boils down to a comparison 

between two simulations. 

 high efforts for minor changes in the values compared to the N-values (at least in 

CWE, investigation are still pending for CEE) 

 

Proposition 
CTF IDCC recommends only computing N FRM and applying indifferentl y for 
basecase or N-1 cases. 
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7 Points for improvement 

Both the grid security assessment, as well as the ID capacity calculation make use of the 

same starting point, being either a DACF or IDCF grid model. From this starting point 

though, both processes 'go their own way' without having a mutual interaction. Indeed, as 

currently laid out, they are more or less independent processes. As the FB capacity 

calculation is in essence a simplified grid security assessment in order to determine the 

available capacity for the market within the security boundaries of the grid, a more 

interlinked / integrated approach with the grid security assessment seems desirable. 

For the IDCC the DACF of the second run (i.e. after the model improvements, see also 

section 4.1.1.2) serves as a starting point. Indeed, a trade-off has been made here: this 

is the best DACF file that is available at a fixed time. The DACF process continues though, 

until the final DACF file (being a congestion-free model) results. 

From a capacity calculation point of view, all RAs present in the CGM are considered to be 

pre-fault RAs. Post-fault RAs are provided as scenarios (in the sense: we monitor the 

impact on this CNE, if this outage occurs, and that RA is applied). This would imply that 

the scenarios and optimization as used in the capacity calculation can potentially be shared 

with the grid security assessment (as mutual input data and process step).  

The DACF and IDCF processes are run on a daily basis, and are subject to continuous 

improvement cycles. As such, evolutions in the existing processes are likely to develop. 

Especially during those evolutions, the interlink between grid security assessment and 

capacity calculation should be kept in mind.  

 

 


