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Abbreviations: 

AAC Already Allocated and nominated Capacity 
AC Alternating Current 
AHC Advanced Hybrid Coupling 
ATC Available Transfer Capacity 
CA Capacity Allocation 
CACM Capacity Allocation and Congestion Management 
CC Capacity Calculation 
CCM Capacity Calculation Methodology 
CCR Capacity Calculation Region 
CGM Common Grid Model 
CNE Critical Network Element 
CNEC Critical Network Element Contingency 
CNTC Coordinated Net Transmission Capacity 
DA Day Ahead 
DC Direct Current 
FB Flow-Based 
GSK Generation Shift Key 
ID Intraday 
IGM Individual Grid Model 
NEMO Nominated Electricity Market Operator 
NTC Net Transfer Capacity 
NP Net Position 
PTDF Power Transfer Distribution Factor 
RA Remedial Action 
TRM Transmission Reliability Margin 
TSO Transmission System Operator 
TTC Total Transfer Capacity 
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 Introduction  1.
 

This document contains a draft proposal for a common coordinated capacity calculation 
methodology for the day-ahead and intraday timeframe for the capacity calculation region of Hansa 
(CCR Hansa) in accordance with Article 20 (2) of the Commission Regulation (EU) 2015/1222 of 24 
July 20151 establishing a guideline on capacity allocation and congestion management (CACM 
Regulation). Transmission system operators (TSOs) are obliged to consult stakeholders on proposals 
for terms and conditions or methodologies required by the CACM Regulation2. This document is 
presented to consultation to comply with this requirement. 

The CCR Hansa covers three bidding zone borders and is placed between two larger CCRs, CCR Nordic 
and CCR Core. This document has been written with the  aim to ensure that the methodology 
developed in the CCR Hansa is as efficient as possible from a market point of view and that it is easily 
implementable from an operational and security of supply point of view when coordinating with 
adjacent regions. Moreover, the methodology proposed is aimed at being sustainable for future 
changes in CCR configurations. 
 
The CCR Hansa proposes a capacity calculation methodology based on a coordinated NTC 
methodology with a strong link to the adjacent CCRs which have chosen flow based capacity 
calculation methodologies. By utilising the flow based capacity calculation methodologies of CCR 
Nordic and CCR Core in representing the AC meshed grids and using Advanced Hybrid Coupling for 
representing the CCR Hansa bidding zone borders in the flow based methodologies, the capacity 
calculation on the the CCR Hansa borders is optimised to the fullest extent possible. This means 
implicitly that CCR Hansa assumes that, if possible, all AC grid limitations outside the CCR Hansa 
interconnectors are respected in the capacity calculations within CCR Nordic and CCR Core. The 
combination of the capacity calculation inputs from the adjacent CCR Nordic and CCR Core flow 
based methodologies together with the capacity calculation results within CCR Hansa determine the 
cross-zonal capacity of each the CCR Hansa interconnector, which shall be respected during the 
allocation process. 
This document is built up as follows. Chapter 2 contains a description of the relevant legal 
references. Thereafter, chapter 3 defines CCR Hansa and the borders that are subject to this 
proposal. Chapter 4 and 5 contain the proposal for a capacity calculation methodology for the day-
ahead and intraday timeframe. The methodologies are described according to the requirements set 
in the CACM Regulation. A description of the proposed validation methodology is given in chapter 6, 
while chapter 7 contains an evaluation of the proposal against the objectives of the CACM 
Regulation. A planning for the implementation of this proposal can subsequently be found in chapter 
8.  

 

 
 Legal requirements  2.

 
According to Article 20 (2) of the CACM Regulation, each CCR is required to submit a common 
capacity calculation methodology for approval by the national regulatory authority (NRA) for each 
capacity calculation time-frame. This is to be done no later than 10 months after approval of the 
CCRs for the day-ahead and intraday timeframe. 
 

                                                           
1 Commission Regulation (EU) 2015/1222 of 24 July 2015 establishing a guideline on capacity allocation and 

congestion management, OJ 25-7-2015, L 197/24. 
2 Article 12 of the CACM Regulation. 
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According to the CACM Regulation, the approach to be used in the capacity calculation methodology 
(CCM) for both the day-ahead and intraday timeframe is the flow-based approach.3 However, 
according to article 20 (7) of the CACM Regulation, TSOs may jointly request the NRAs to apply the 
coordinated net transmission capacity approach (CNTC) in regions and on bidding zone borders if the 
TSOs are able to demonstrate that the application of the CCM using the flow-based approach would 
not yet be more efficient compared to the CNTC approach and assuming the same level of 
operational security in the concerned region. 
 
In regards to the application of the flow-based approach, the preamble of the CACM Regulation, in 
point (7) states the following: 
“The flow-based approach should be used as a primary approach for day-ahead and intraday capacity 
calculation where cross-zonal capacity between bidding zones is highly interdependent. The flow-
based approach should only be introduced after market participants have been consulted and given 
sufficient preparation time to allow for a smooth transition. The coordinated net transmission 
capacity approach should only be applied in regions where cross-zonal capacity is less interdependent 
and it can be shown that the flow-based approach would not bring added value.” 
 
First, a number of relevant definitions from the CACM Regulation are stated below. 
 
“´coordinated net transmission capacity approach’ means the capacity calculation method based on 
the principle of assessing and defining ex ante a maximum energy exchange between adjacent 
bidding zones”.4 
 
“´flow-based approach’ means a capacity calculation method in which energy exchanges between 
bidding zones are limited by power transfer distribution factors and available margins on critical 
network elements.”5 
 
“‘reliability margin’ means the reduction of cross-zonal capacity to cover the uncertainties within 
capacity calculation.”6 
 
“‘allocation constraints’ means the constraints to be respected during capacity allocation to maintain 
the transmission system within operational security limits and have not been translated into cross-
zonal capacity or that are needed to increase the efficiency of capacity allocation;”7 
 
“‘operational security limits’ means the acceptable operating boundaries for secure grid operation 
such as thermal limits, voltage limits, short-circuit current limits, frequency and dynamic stability 
limits;”8 
 
“‘contingency’ means the identified and possible or already occurred fault of an element, including 
not only the transmission system elements, but also significant grid users and distribution network 
elements if relevant for the transmission system operational security;”9 
 
“´coordinated capacity calculator’ means the entity or entities with the task of calculating 
transmission capacity, at regional level or above;”10 
 

                                                           
3 Article 20 (1) of CACM. 
4 Article 2 (8) of the CACM Regulation. 
5 Article 2 (9) of the CACM Regulation. 
6 Article 2 (14) of the CACM Regulation. 
7 Article 2 (6) of the CACM Regulation. 
8 Article 2 (7) of the CACM Regulation. 
9 Article 2 (10) of the CACM Regulation. 
10 Article 2 (11) of the CACM Regulation. 
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“´generation shift key’ means a method of translating a net position change of a given bidding zone 
into estimated specific injection increases or decreases in the common grid model;”11 
 
“´remedial action’ means any measure applied by a TSO or several TSOs, manually or automatically, 
in order to maintain operational security.”12 
 
 
Secondly, the CACM Regulation sets in Article 21 further requirements for the proposal for a CCM. 
 
“1.   The proposal for a common capacity calculation methodology for a capacity calculation region 
determined in accordance with Article 20(2) shall include at least the following items for each 
capacity calculation time-frame:  
 
a) methodologies for the calculation of the inputs to capacity calculation, which shall include the 

following parameters: 
I. a methodology for determining the reliability margin in accordance with Article 22; 

II. the methodologies for determining operational security limits, contingencies relevant to 
capacity calculation and allocation constraints that may be applied in accordance with 
Article 23; 

III. the methodology for determining the generation shift keys in accordance with Article 24; 
IV. the methodology for determining remedial actions to be considered in capacity 

calculation in accordance with Article 25. 
 
b) detailed description of the capacity calculation approach which shall include the following: 

I. a mathematical description of the applied capacity calculation approach with different 
capacity calculation inputs; 

II. rules for avoiding undue discrimination between internal and cross-zonal exchanges to 
ensure compliance with point 1.7 of Annex I to Regulation (EC) No 714/2009; 

III. rules for taking into account, where appropriate, previously allocated cross-zonal 
capacity; 

IV. rules on the adjustment of power flows on critical network elements or of cross-zonal 
capacity due to remedial actions in accordance with Article 25; 

V. for the flow-based approach, a mathematical description of the calculation of power 
transfer distribution factors and of the calculation of available margins on critical 
network elements; 

VI. for the coordinated net transmission capacity approach, the rules for calculating cross-
zonal capacity, including the rules for efficiently sharing the power flow capabilities of 
critical network elements among different bidding zone borders; 

VII. where the power flows on critical network elements are influenced by cross-zonal power 
exchanges in different capacity calculation regions, the rules for sharing the power flow 
capabilities of critical network elements among different capacity calculation regions in 
order to accommodate these flows. 

 
c) a methodology for the validation of cross-zonal capacity in accordance with Article 26. 
 
2. For the intraday capacity calculation time-frame, the capacity calculation methodology shall also 
state the frequency at which capacity will be reassessed in accordance with Article 14(4), giving 
reasons for the chosen frequency.  
 

                                                           
11 Article 2 (12) of the CACM Regulation. 
12 Article 2 (13) of the CACM Regulation. 
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3. The capacity calculation methodology shall include a fallback procedure for the case where the 
initial capacity calculation does not lead to any results.” 
 
The methodologies to be included in the proposal are further described in Articles 22 to 26 of the 
CACM Regulation. 
 
According to Article 21 (4) of the CACM Regulation, all TSOs in each CCR shall, as far as possible, use 
harmonised capacity calculation inputs. Therefore, the common capacity calculation methodology 
for the CCR Hansa should include compatible tools and principles suitable to be processed by the 
coordinated capacity calculator (CCC) in order to calculate the cross-zonal capacity values. 
 
As a general point, all methodologies and proposals developed under the CACM Regulation should 
align with the objectives of Article 3 of the CACM Regulation. More specifically, Article 9(9) of the 
CACM Regulation requires that: 
“The proposal for terms and conditions or methodologies shall include a proposed timescale for their 
implementation and a description of their expected impact on the objectives of this Regulation.” 
 
 
 

 Definition of CCR Hansa 3.
 
As stated above, this proposal relates to the CCR Hansa.  According to Article 4 of ACER’s decision13 
on the determination of capacity calculation regions, CCR Hansa consists of the bidding zone borders 
stated below as attributed to the referred TSOs (see Figure 1): 

a) Denmark 1 - Germany/Luxembourg (DK1-DE/LU),  
Energinet.dk and TenneT TSO GmbH; 

b) Denmark 2 - Germany/Luxembourg (DK2-DE/LU),  
Energinet.dk and 50Hertz Transmission GmbH; and 

c) Sweden 4 - Poland (SE4 – PL),  
Svenska Kraftnät and PSE S.A. 

 

 
Figure 1: The bidding zone borders covered by CCR Hansa are DK1-DE/LU, DK2-DE/LU and SE4-PL 

 
At present, the owner of Baltic cable (SE4-DE/LU) is not a certified TSO and is subsequently not in 
scope of the CCR work. Additionally, it is expected that NorNed (NO2-NL) will be added to CCR Hansa 
once Norway ratifies the 3rd EU liberalisation package, EU regulation 713-714/2009. 
 

 Capacity calculation methodology for the day-ahead timeframe  4.
 

                                                           
13 ACER decision 06-2016 of 17 November 2016. 
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This chapter describes the target capacity calculation methodology which will be applied for CCR 
Hansa bidding zone borders in the day-ahead timeframe. 
 

 Description of the capacity calculation methodology in CCR Hansa 4.1
 
The capacity calculation methodology proposed for the day-ahead timeframe unifies 3 congestion-
relevant parts. It takes advantage of the flow-based (FB) methodologies with the AHC approach 
developed in CCR Nordic and CCR Core in order to represent the limitations in the AC grids, while the 
actual interconnector capacities are addressed individually within CCR Hansa.  

 

 
Figure 2 Capacity calculation in CCR CORE, CCR Nordic, and CCR Hansa 

 
Cross-border trade between bidding zones always affects at least three different parts of the grid:  
 

1. The AC grid sensitive to the trade surrounding the cross-border interconnector on the 
exporting side; 

2. The cross-border interconnector itself; 
3. The AC grid sensitive to the trade surrounding the cross-border interconnector on the 

importing side. 
 
This holds true for all cross-border trade, irrespective of the type of interconnector (AC or DC) or the 
applied capacity calculation methodology (NTC or FB). 
Years of experience with capacity calculation have shown that a congestion resulting from a cross-
border trade can occur in each of these three parts of the grid. In order to maintain system security it 
is therefore necessary to take all three parts into account in the capacity calculation.  
 
Since CCR Hansa has the unique feature that all bidding zones are currently connected by means of 
radial lines, the assessment of cross-border capacity can be split into three separate parts. This 
allows the TSOs to look at the impact of cross-border trade independently on each part of the grid. 
 
The methodology is thus based on three parts, as depicted in Figure 2:  
 

1. The actual interconnector capacity within the CCR Hansa; 
2. The limitations on the interconnectors from the AC grid handled by AHC in CCR Core; 
3. The limitations on the interconnectors from the AC grid handled by AHC in CCR Nordic. 

 
These three contributions together deliver the limits on flow on the interconnectors in CCR Hansa 
and can be represented as in Table 1. The flexibility the methodology allows for, is to contain both 
flow based restrictions as well as CNTC restrictions at the same time. 
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Table 1 An example of the capacity calculation in CCR Core, CCR Nordic, and CCR Hansa 

 
 
4.1.1 Mathematical description of the applied approach 
The calculation of the actual interconnector capacity, as shown in Figure 3, is based mainly on the 
physical properties of the cross border lines and stations on each end. As CCR Hansa contains both 
DC and AC borders this has to be addressed separately in an ex-ante process. The following aspects 
should be taken into account when calculating the actual interconnector capacity for the AC and the 
DC borders. 

 
Figure 3: The actual interconnector capacity which is the responsibility of CCR Hansa to determine 

 
TSOs calculate capacity on a bidding zone border connected with DC lines on a line per line basis, in 
the following named DC line 𝑖.  On a bidding zone border with AC connections, the transfer capacity 
on the whole bidding zone border is computed, as it is not possible to control the division of flow 
between AC lines, in the case that there are more than one across the border.  
 
 
The available transfer capacity ATCi,DC,A→B  on a DC line 𝑖 in the direction AB is calculated from: 
 
 

ATCi,DC,A→B = TTCi,A→B − TRMi,A→B − AACi,A→B + AACi,B→A 

Where:  
 

A := Bidding zone A. 
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B := Bidding zone B. 
ATCi,DC,A→B := Available transfer capacity on a DC line 𝑖 in direction AB provided to the 

day-ahead market. 
 

TTCi,A→B := Total transfer capacity of a DC line 𝑖 in direction AB, on the receiving 
end. 
 
 
The TTC for a DC line 𝑖 is defined as follows: 
 

TTCi,A→B   = αi ⋅ Pi,maxthermal ∗ �1 − βi,Loss,A→B� 
 

TRMi,A→B := Transmission reliability margin for a DC line 𝑖 in direction AB. 
 

AACi,A→B := Already Allocated and nominated Capacity for a DC line 𝑖 in direction 
AB. 
On the day-ahead stage, this capacity consists of the long term nominated 
capacity for a DC line 𝑖 in direction AB. 
 
For Kriegers Flak (KF) Combined Grid Solution between DE-DK2, the AAC also 
consists of the wind infeed in the offshore wind farms, located within the 
interconnector: 

AACKF,A→B = PWind forecast + already allocated and nominated capacity 

Where 𝑃Wind forecast represents the offshore wind forecast on the 
interconnector. It already incorporates a risk level, therefore no TRM is 
required on KF. 
 

AACi,B→A := Already Allocated and nominated Capacity for a DC line 𝑖 in direction 
BA. 
On the day-ahead stage, this capacity consists of the long term nominated 
capacity for a DC line 𝑖 in direction BA. 
 

αi := Availability factor of equipment defined through scheduled and 
unscheduled outages, αi, being a real number in between and including 0 
and 1. 
 

Pi,maxthermal := Thermal capacity for a DC line 𝑖.  
 

βi.Loss,A→B := Loss factor for a DC line 𝑖 in direction AB, which can be a different value 
depending on αi. 

 

The available transfer capacity ATC AC,A→B on a bidding zone border that is connected by AC lines in 
the direction AB is calculated from: 
 

ATC AC,A→B = TTCA→B − TRMA→B − AACA→B + AACB→A 
Where: 
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A := Bidding zone A. 

B := Bidding zone B. 

ATC AC,A→B := Available transfer capacity of a bidding zone border in direction 
AB, provided to the day-ahead market.  

TTCA→B := Total transfer capacity of a bidding zone border in direction AB.  

TRMA→B := Transmission reliability margin for a bidding zone border in 
direction AB. 
 

AACA→B := Already Allocated and nominated Capacity for a bidding zone 
border in direction AB. 
On the day-ahead stage, this capacity consists of the long term 
nominated capacity for a bidding zone border in direction AB.  
 

AACB→A := Already Allocated and nominated Capacity for a bidding zone 
border in direction BA. 
On the day-ahead stage, this capacity consists of the long term 
nominated capacity for a bidding zone border in direction BA. 

 
 
 
4.1.2 Capacity limitations originating from the AC grid handled by AHC in CCR 

Nordic 
 
The capacity of a DC line (being a fully controllable active power flow) is a NTC by nature.  
CCR Nordic decided to handle the power flows of DC lines with the AHC approach. This means that 
the flows on the DC lines are competing for the scarce capacity on the AC grid, like the exchanges 
from any of the other Nordic bidding zones (SE1, SE2, NO1, FI, and so on).  
The converter stations of the DC interconnectors are modelled as ‘virtual’ bidding zones in the FB 
system (however a bidding zone, without production and consumption), having their own PTDF 
factors reflecting how exchanges on the DC lines are impacting the AC grid elements. Radial AC 
connections can be handled in the same way. This is illustrated in Figure 4. 
 
CCR Nordic provides a flow based representation of the AC grid in the Nordic area, which is imposing 
AC grid limitations on the commercial exchanges over the Hansa lines as well, to safeguard the 
Nordic grid. 
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Figure 4 Advanced hybrid coupling in CCR Nordic 

 
 
 
4.1.3 Capacity limitations originating from the AC grid handled by AHC in CCR 

Core 
 
The capacity of a DC line (being a fully controllable active power flow) is a NTC by nature.  
CCR Core decided to handle the power flows of DC lines with the AHC approach as target model. This 
means that the flows on the DC lines are competing for the scarce capacity on the AC grid, like the 
exchanges from any of the other Core bidding zones (NL, DE, PL, FR, and so on). The converter 
stations of the DC interconnectors are modelled as ‘virtual’ bidding zones in the FB system (a bidding 
zone, without production and consumption), having their own PTDF factors reflecting how exchanges 
on the DC lines are impacting the AC grid elements. Radial AC connections can be handled in the 
same way. This is illustrated in Figure 5.  
 
CCR Core provides a flow based representation of the AC grid in the Core area, which is imposing AC 
grid limitations on the commercial exchanges over the Hansa lines as well, to safeguard the Core grid. 
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Figure 5 Advanced hybrid coupling in CCR CORE 

 
4.1.4 Further requirements from Article 21 (1) (b) of the CACM Regulation 
 
In the following section, the requirements set out in article 21(1)(b) of the CACM Regulation for a 
detailed description of the capacity calculation approach, are listed and it is explained how the CCM 
of CCR  Hansa fulfils these requirements. 
 
(ii) rules for avoiding undue discrimination between internal and cross-zonal exchanges to ensure 
compliance with point 1.7 of Annex I to Regulation (EC) No 714/2009;  
As the internal flows in the bidding zones are to be handled via flow-based allocation in the adjacent 
CCRs, along with the representation of the CCR Hansa interconnectors with AHC, the allocation of 
capacity to the interconnectors will be based on a mathematical optimisation in the allocation 
process. Thus there is no possibility to discriminate one type of flow to another within CCR Hansa. 
 
(iii) rules for taking into account, where appropriate, previously allocated cross-zonal capacity;  
The previously-allocated cross-zonal capacity can be subtracted from the actual interconnector 
capacity which is described in section 4.1.1.  
 
(iv) rules on the adjustment of power flows on critical network elements or of cross-zonal capacity 
due to remedial actions in accordance with Article 25;  
In the CCR Hansa there are currently no remedial actions available that need to be considered in the 
capacity calculation. Remedial actions found in bidding zones will be taken into account in the flow-
based methodologies of CCR Nordic and CCR Core. 
 
(v) for the flow-based approach, a mathematical description of the calculation of power transfer 
distribution factors and of the calculation of available margins on critical network elements;  
Not applicable, as this will be handled in the FB methodologies of CCR Nordic and CCR Core. 
 
(vi) for the coordinated net transmission capacity approach, the rules for calculating cross-zonal 
capacity, including the rules for efficiently sharing the power flow capabilities of critical network 
elements among different bidding zone borders;  
As the methodology chosen utilises flow-based domains from the two adjacent CCRs to ensure 
optimal market efficiency when handling constraints from the bidding zone AC grids, there is not an 
ex-ante split of capacity on CNEs. 
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(vii) where the power flows on critical network elements are influenced by cross-zonal power 
exchanges in different capacity calculation regions, the rules for sharing the power flow 
capabilities of critical network elements among different capacity calculation regions in order to 
accommodate these flows. 
The use of AHC in CCR Core and CCR Nordic ensures that an economic optimisation determines 
where capacities are allocated between borders and different capacity calculation regions.  
 

 Methodology for determining the reliability margin  4.2
 
Article 22 of the CACM Regulation requires the CCM to include a methodology for determining the 
reliability margin. The methodology to determine the reliability margin, for cross-zonal capacity in 
CCR Hansa, includes the principles for calculating the probability distribution of the deviations 
between the expected power flows at the time of the capacity calculation, and realised power flows 
in real time, and subsequently specifies the uncertainties to be taken into account in the capacity 
calculation, being the TRM, mentioned in section 4.1.1. The following description sets out common 
harmonised principles for deriving the reliability margin from the probability distribution, as required 
in article 22 (3) of CACM. 
 
Due to the controllability of the power flow over DC interconnections, the determination of a 
reliability margin does not need to be applied on bidding zone borders only connected by DC 
interconnections. Therefore on the borders PL/SE4 and DK2/DE no reliability margin is currently 
applied. The methodology described here does therefore only apply to the radial-connected AC 
border between DK1 and DE.  
 
In general, the cross-border capacity derived for the AC border in CCR Hansa is expressed as an NTC 
value. During the calculation of this value the TSOs apply the TRM in order to hedge against risks 
inherent in the calculation. The methodology for the TRM is determined by the TSOs and reflects the 
risks that the TSOs are facing. As demanded by CACM article 22(2), the presented methodology  in 
particular takes into account:  
“(a) Unintended deviations of physical electricity flows within a market time unit caused by the 
adjustment of electricity flows within and between control areas, to maintain a constant frequency;  
(b) Uncertainties which could affect capacity calculation and which could occur between the capacity 
calculation time- frame and real time, for the market time unit being considered.”  
 
The TRM calculation consists of the following high-level steps: 
1. Identification of sources of uncertainty for each TTC calculation process;  
2. Derivation of independent time series for each uncertainty and determination of probability 

distributions (PD) of each time series; 
3. Convolution of individual PDs and derivation of the TRM value from the convoluted PD.  

 
The method is illustrated in the figure below. 
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Figure 6: Illustration of the concept to calculate the TRM 

 
Hereunder, the individual steps are described in more detail. 
 
Step 1: Identification of sources of uncertainty 
In the first step the corresponding uncertainties are identified. In general, the TTC calculation is 
based on a network model, which includes assumptions and forecasts for the generation and load 
pattern as well as for the grid topology. This is the starting point to identify concrete sources of 
uncertainty. For the AC border in CCR Hansa typical sources of uncertainty at the capacity calculation 
stage are: 
1. Inaccuracy of forecasts for wind, load and solar infeed, which impact the load and generation 

pattern in the network model; 
2. Assumptions of cross-border exchange between third countries, which are not part of the TTC 

profile; 
3. Exchange of frequency containment reserve (FCR). 

 
Step 2: Determination of appropriate probability distributions 
The second step of the TRM calculation is the determination of appropriate time series that measure 
or estimate the effect of each uncertainty on the TTC calculation. Depending on the nature of the 
uncertainty, the determination of such time series can differ. In general, generic time series from an 
already existing data base can be used as a starting point. The time series cover an appropriate 
timespan from the past in order to get a significant and representative amount of data. After 
performing quality checks, the impact of the uncertainty on the TTC calculation is determined. 
 
Step 3: Convolution and TRM calculation 
In the beginning of this step the individual PDs are convoluted to get the overall PD for an event. The 
convolution of the PDs of the relevant uncertainties merges the individual independent factors into 
one common PD for one TRM. Before the convolution is made, each PD is normalized. The 
convoluted PD is the basis for the determination of initial TRM values. In line with the FRM 
determination in the Core Flow-Based capacity calculation process, it is proposed to take a certain 
percentile from the convoluted PD which is appropriate to the local risk policy.  
 

Identify sources of uncertainty for TTC calculation

Derive independent time series and determine 
probability distribution

time series 1 time series 2

PD 
1

PD 
2

Convolute PDs and derive TRM

TRM

percentile

uncertainty 
1

uncertainty 
2
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 Methodologies for determining operational security limits, 4.3
contingencies relevant to capacity calculation and allocation 
constraints 

 
According to Article 23(1,2) of the CACM Regulation each TSO shall respect the operational security 
limits and contingencies used in operational security analysis. 
If the operational security limits and contingencies used in capacity calculation are not the same as 
those used in operational security analysis, TSOs shall describe in the proposal for the common 
capacity calculation methodology the particular method and criteria they have used to determine the 
operational security limits and contingencies used for capacity calculation. 
 
In the operational security analysis, the following operational security limits and contingencies can be 
used, but are not limited to: 

- steady-state thermal limits 
- voltage stability 
- dynamic transient stability 
- short-circuit ratio (SCR)  
- security of supply (interaction with distribution network) 
- identified and possible or already-occurred fault of the transmission system element 
- identified and possible or already-occurred fault of the significant grid users if relevant for 

the transmission system operational security 
- identified and possible or already-occurred fault of the distribution network element if 

relevant for the transmission system operational security 
- balancing constraints 

 
The actual capacity resulting from steady-state thermal limits of CCR Hansa interconnectors 
themselves are calculated according to the methodology described in the Chapter 4.1.1. The steady-
state thermal limits of adjacent AC networks are handled by the FB capacity calculation 
methodologies in CCR Core and CCR Nordic.  
 
The other abovementioned operational security limits, influencing the exchange capacity over the 
bidding zones borders belonging to CCR Hansa (i.e. voltage stability, etc.) cannot be evaluated in the 
frame of FB calculations. These operational security limits are thus assessed by individual CCR Hansa 
TSOs who perform the simulations in their offline tools using a CGM. The results are translated into 
cross-zonal capacity constraints as the external constraints of particular virtual bidding zones 
representing CCR Hansa interconnectors and respected during capacity allocation. 
 
Further, TSOs, according to CACM Regulation article 23(3), may apply allocation constraints which 
means constraints to be respected during capacity allocation to maintain the transmission system 
within operational security limits, or that are needed to increase the efficiency of capacity allocation, 
and that cannot not be translated into cross-zonal capacity limitations.  
 
Allocation constraints may also include balancing constraints, which apply in particular to Poland,  
that are determined for those systems where a central dispatch market model is applied, i.e. where 
the TSO acts as the balance responsible party for the whole control area and procures reserves in an 
integrated scheduling process run after the day ahead market closure. Application of allocation 
constraints to reflect balancing constraints in capacity allocation process ensures efficiency in 
distribution of balancing constraints on interconnections, and maximize social welfare). See Annex 1: 
Balancing of the Polish system.  
 
In CCR Hansa, another example of allocation constraints is the inclusion of the implicit loss factor on 
DC lines during capacity allocation (ensuring that the DC line will not flow unless the welfare gain of 
flowing exceeds the costs of the corresponding losses), if these constraints, subject to regulatory 
approval, have been implemented.   
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The allocation constraints are included during the capacity allocation process and one allocation 
constraint can influence the interconnections belonging to the  different CCRs. 
 

 Methodology for determining the generation shift keys 4.4
 
The generation shift key used to calculate the NTC values in CCR Hansa represents the best forecast 
of the relation of a change in the net position of a bidding zone to a specific change of generation or 
load in the common grid model. Due to the unique nature of the interconnections in CCR Hansa, the 
generation shift key applied to calculate the NTC value of bidding zone borders connected by DC 
interconnections and AC interconnections differs.  
 
On the radial AC connection between DK1 and DE, the GSK is modelled to represent the distribution 
of the power flow between the different cross-border lines. 
 
Any interaction between the CCR Hansa interconnections and the CCR’s Core or Nordic AC grid is, as 
described in 4.1, modelled in the corresponding flow-based project and therefore not part of this 
methodology. 
 

 Methodology for determining remedial actions to be considered in 4.5
capacity calculation 

 
In the CCR Hansa there are currently no remedial actions available that need to be considered in the 
capacity calculation. The impact of remedial actions that become available in the future will be 
considered in the determination of the TTC value as shown in section 4.1.1. Furthermore, it is 
important to note that the remedial actions found in bidding zones, in general, will be taken into 
account in the flow-based methodologies of CCR Nordic and CCR Core to enlarge the FB domains, 
which in turn will impact the cross-border capabilities, also within CCR Hansa. 
 

 Fallback procedure for day-ahead capacity calculation 4.6
 
According to Article 21(3) of the CACM Regulation the capacity calculation methodology shall include 
a fallback procedure for the case where the initial capacity calculation does not lead to any results. 
 
The procedure for fallback should be developed in cooperation with the chosen CCC. 
 
As mentioned in chapter 4.1, the capacity calculation takes into account three different parts of the 
grid. This also implies that the fallback procedure for capacity calculation should be applied in 
cooperation with the adjacent CCRs.  
 
In case the capacity calculation cannot be performed by the CCC, the concerned TSOs will bilaterally 
calculate and agree on cross-zonal capacities. The concerned TSOs shall submit the capacities to the 
relevant CCC and to the other TSOs of CCR Hansa. 
 
 

 Capacity calculation methodology for the intraday timeframe  5.
 
This chapter describes the target capacity calculation methodology which will be applied for CCR 
Hansa bidding zone borders in the intraday timeframe. 
 

 
 Description of the capacity calculation methodology in CCR Hansa  5.1

The capacity calculation methodology for the intraday timeframe in CCR Hansa is equal to the one 
described for the DA timeframe, in Section 4.1. This implies that CCR Hansa calculates the capacity 
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for the interconnectors, while the AC grids, in the possible extent, are handled by adjacent CCRs. For 
CCR Hansa the target model is reached when XBID is able to handle FB constraints.  
 
5.1.1 Mathematical description of the applied approach 
The only difference with the mathematical description for the DA timeframe (Section 4.1.1), is in the 
Already Allocated and nominated Capacity (AAC), as explained hereunder. 
 
The available transfer capacity ATCi,DC,A→B  on a DC line 𝑖 in the direction AB is  calculated from: 
 
 

ATCi,DC,A→B = TTCi,A→B − TRMi,A→B − AACi,A→B + AACi,B→A 

Where:  
 

A := Bidding zone A. 
B := Bidding zone B. 

ATCi,DC,A→B   := Available transfer capacity on a DC line 𝑖 in direction AB provided 
to the intraday market 
 

TTCi,A→B := Total transfer capacity of a DC line 𝑖 in direction AB, on the 
receiving end. 
 
The TTC for a DC line 𝑖 is defined as follows: 
 

TTCi,A→B   = αi ⋅ Pi,maxthermal ∗ �1 − βi,Loss,A→B� 
 

TRMi,A→B := Transmission reliability margin for a DC line 𝑖 in direction AB. 
 

AACi,A→B := Already Allocated and nominated Capacity for a DC line 𝑖 in direction 
AB. 
On the intraday stage, this capacity consists of the capacity that is 
nominated at the long term and day-ahead stage, and capacity that is 
already nominated at the intraday stage for a DC line 𝑖 in direction 
AB. 
  
 
For Kriegers Flak (KF) Combined Grid Solution between DE-DK2, the AAC 
also consists of the wind infeed in the offshore wind farms, located 
within the interconnector: 

AACKF,A→B = PWind forecast+ already allocated and nominated capacity 

Where 𝑃Wind forecast represents the offshore wind forecast on the 
interconnector. It already incorporates a risk level, therefore no TRM is 
required on KF. 
 

AACi,B→A := Already Allocated and nominated Capacity for a DC line 𝑖 in direction 
BA. 
On the intraday stage, this capacity consists of the capacity that is 
nominated at the long term and day-ahead stage, and capacity that is 
already nominated at the intraday stage for a DC line 𝑖 in direction 
BA. 
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αi := Availability factor of equipment defined through scheduled and 

unscheduled outages, αi, being a real number in between and including 
0 and 1. 
 

Pi,max thermal := Thermal capacity for a DC line 𝑖.  
 

βi.Loss,A→B := Loss factor for a DC line 𝑖 in direction AB, which can be a different 
value depending on αi. 

 
 
The available transfer capacity ATC AC,A→B on a bidding zone border that is connected by AC lines in 
the direction AB is calculated from: 
 
 

ATC AC,A→B = TTCA→B − TRMA→B − AACA→B + AACB→A 
Where: 
 

A := Bidding zone A. 
B := Bidding zone B. 

ATC AC,A→B := Available transfer capacity of a bidding zone border in direction 
AB, provided to the intraday market.  
 

TTCA→B := Total transfer capacity of a bidding zone border in direction AB. 
  

TRMA→B := Transmission reliability margin for a bidding zone border in 
direction AB. 
 

AACA→B := Already Allocated and nominated Capacity for a bidding zone 
border in direction AB. 
On the intraday stage, this capacity consists of the capacity that is 
nominated at the long term and day-ahead stage, and capacity that is 
already nominated at the intraday stage for a bidding zone border in 
direction AB.  
 

AACB→A := Already Allocated and nominated Capacity for a bidding zone 
border in direction BA 
On the intraday stage, this capacity consists of the capacity that is 
nominated at the long term and day-ahead stage, and capacity that is 
already nominated at the intraday stage for a bidding zone border in 
direction BA. 
 

 
 
5.1.2 Capacity limitations originating from adjacent AC grid 
 
The same rules and conditions stated in chapter 4.1.2 and 4.1.3 for day-ahead will apply for intraday.  
It is up to CCR Nordic and CCR Core to represent the flow limitations in the AC grids, while the actual 
interconnector capacities are addressed individually within CCR Hansa. Together these three inputs 
will constitute the limitations on the interconnectors to be respected in the capacity allocation 
process. 
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5.1.3 Further requirements from Article 21 (1) (b) of the CACM Regulation 
  
In the following section, the requirements set out in article 21(1)(b) of the CACM Regulation for a 
detailed description of the capacity calculation approach are listed and a description is given how 
these are taken into account.  
 
(ii) rules for avoiding undue discrimination between internal and cross-zonal exchanges to ensure 
compliance with point 1.7 of Annex I to Regulation (EC) No 714/2009;  
As the internal flows in the bidding zones are to be handled via flow-based allocation in the adjacent 
CCRs along with the representation of the CCR Hansa interconnectors with AHC, the allocation of 
capacity to the interconnectors will be based on a mathematical optimisation in the allocation 
process. Thus, there is no possibility to discriminate one type of flow to another within CCR Hansa. 
 
(iii) rules for taking into account, where appropriate, previously allocated cross-zonal capacity;  
The previously-allocated cross-zonal capacity can be subtracted from the actual interconnector 
capacity which is described in section 5.1.1 
 
(iv) rules on the adjustment of power flows on critical network elements or of cross-zonal capacity 
due to remedial actions in accordance with Article 25;  
In the CCR Hansa there are currently no remedial actions available that need to be considered in the 
capacity calculation. Remedial actions found in bidding zones will be taken into account in the flow-
based methodologies of CCR Nordic and CCR Core. 
 
(v) for the flow-based approach, a mathematical description of the calculation of power transfer 
distribution factors and of the calculation of available margins on critical network elements;  
Not applicable, as this will be handled in the FB methodologies of CCR Nordic and CCR Core. 
 
(vi) for the coordinated net transmission capacity approach, the rules for calculating cross-zonal 
capacity, including the rules for efficiently sharing the power flow capabilities of critical network 
elements among different bidding zone borders;  
As the methodology chosen utilises flow-based domains from the two adjacent CCRs to ensure 
optimal market efficiency when handling constraint from the bidding zone AC grids, there is not an 
ex-ante split of capacity on CNEs. 
 
(vii) where the power flows on critical network elements are influenced by cross-zonal power 
exchanges in different capacity calculation regions, the rules for sharing the power flow 
capabilities of critical network elements among different capacity calculation regions in order to 
accommodate these flows.  
The use of AHC in CCR Core and CCR Nordic ensures that an economic optimisation determines 
where capacities are allocated between borders and different capacity calculation regions.  
 
 

 Methodology for determining the reliability margin 5.2
The same methodology for the determination of the reliability margin applies, as described for the 
day-ahead timeframe in section 4.2. 
 

 Methodologies for determining operational security limits, 5.3
contingencies relevant to capacity calculation and allocation 
constraints  

The methodologies for the intraday timeframe for determining operational security limits, 
contingencies relevant to capacity calculation and allocation constraints are the same as for the day-
ahead timeframe, see section 4.3. 
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 Methodology for determining the generation shift keys 5.4
 
The methodology for the intraday timeframe for determining the generation shift keys is the same as 
for the day-ahead timeframe, see section 4.4. 
 

 Methodology for determining remedial actions to be considered in 5.5
capacity calculation 

 
 In the CCR Hansa there are currently no remedial actions available that need to be considered in the 
capacity calculation. Please refer to Section 4.5. 
 

 Intraday reassessment frequency  5.6
The frequency of the reassessment of intraday capacity shall be dependent on the availability of 
input data relevant for capacity calculation, as well as any events impacting the capacity on the cross-
zonal lines.  
 
According to Article 29 of the CACM Regulation, the capacity for the intraday timeframe must be 
calculated by the CCC based on a common grid model (CGM). This can lead to both an increase or a 
decrease of capacity. 
 
The availability of input data for the common grid model, wind forecasts and measurements of wind 
generation in relation to Krieger’s flak, as well as events, e.g unscheduled outages, influence the 
cross-zonal capacity and are therefore likely to influence the intraday capacity reassessment 
frequency.  
 

 Fallback procedure for intraday capacity calculation 5.7
 
The fallback procedure for capacity calculation for the intraday timeframe is the same as for the day-
ahead timeframe, see section 4.6.  
 
 

 Methodology for the validation of the cross-zonal capacity for both 6.
day-ahead and intraday  

 
The target model of the capacity calculation for CCR Hansa limits the scope of CCR Hansa to the 
interconnections themselves. Therefore, this section only describes the methodology for validating 
the part of the cross-zonal capacity that is actually calculated by the CCR Hansa.  
 

 Methodology for the validation of cross-zonal capacity according to 6.1
Article 26 

 
The TSOs are legally responsible for the cross-zonal capacities. The validation of the interconnection 
capacity, which is calculated by the CCC, will be performed by each concerned TSO in CCR Hansa. 
Each TSO sends its capacity validation result and allocation constraints to the relevant CCC and to the 
other TSOs in CCR Hansa. The validation of cross-zonal capacity and allocation constraints ensure 
that the results of the capacity allocation process will respect operational security requirements.  
 
The TSOs will consider the operational security limits when performing the validation, but may also 
consider additional grid constraints, grid models, and other relevant information. The TSOs may use, 
but are not limited to, the tools developed by the CCC for analysis. Thus, the TSOs might also employ 
verification tools not available to the CCC.  
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Validation of the results can be done by checking if the correct data provided by TSOs was used by 
the CCC in the capacity calculation process. The CCC of CCR Nordic and CCR Core can for example 
deliver minimum and maximum net positions for each virtual bidding zone, which will allow for CCR 
Hansa TSOs to compare restrictions imposed on the Hansa interconnectors from the AC grids with 
the capacity calculation made by the CCR Hansa CCC. Moreover, each TSO can perform its own 
calculations using the common grid model in order to verify the results. 
 
In accordance with Article 26(1,3) each TSO shall validate and have the right to correct cross-zonal 
capacity relevant to the TSO’s bidding zone borders provided by the CCC. Each TSO may reduce cross-
zonal capacity during the validation of cross-zonal capacity relevant to the TSO’s bidding zone 
borders for reasons of operational security.  
 
According the CACM article 26(2) the CCM shall include a rule for splitting the correction of cross-
zonal capacity between the different bidding zones when using a coordinated NTC methodology. As 
the CCR Hansa CCM does not include any ex-ante splitting of capacity due to the utilisation of AHC, 
there will be no need to split a correction of cross-zonal capacity either. 
 
The CCC will coordinate with neighbouring CCCs during the capacity calculation and validation 
process to ensure that the correct input data has been used, and subsequently that the capacities are 
within a plausible solution space in line with Article 26 (4).  
 
 

 Evaluation of the CCM in light of the objectives of the CACM Regulation  7.
 
This chapter contains a description of how the draft proposal meets the aims of the CACM 
Regulation, as stated in Article 3.  
 
The CACM Regulation has the objective to ensure optimal use of the transmission infrastructure, 
operational security and optimising the calculation and allocation of cross-zonal capacity.  
 
The Advanced Hybrid Coupling methodology for CCR Hansa secures optimal use of the transmission 
capacity as it takes advantage of the flow-based methodologies developed in CCR Nordic and CCR 
Core in order to represent the limitations in the AC grids, while the actual interconnector capacities 
are addressed individually within CCR Hansa. The use of interconnector capacity and AC grid capacity 
is fully integrated in this way, thereby providing a fair competition for the scarce capacities in the 
system and an optimal system use. Indeed, there is no predefined and static split of the CNE 
capacities, and the flows through CCR Hansa from CCR Core and CCR Nordic are decided based on 
economic efficiency during the capacity allocation phase.  
 
The CCM treats all borders in CCR Hansa and adjacent CCRs equally, and thus provides non-
discriminatory access to cross-zonal capacity. It creates a basis for a fair and orderly market and fair 
and orderly price formation by implementing a simple CCM solution which is integrated with the 
methodologies of the adjacent CCRs.  
 
The methodology complies with all requirements for operational security, and defines methodologies 
for determining reliability margins, generation shift keys, and operational security limits.   
 
The proposal for capacity calculation and allocation in CCR Hansa, takes advantage of flow-based 
capacity calculation for the AC grids while also ensuring full transparency of the calculation of actual 
interconnector capacity. This will in turn result in a better understanding, and increase the 
transparency and reliability of information on the CCR Hansa borders.  
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The capacity calculation methodology has no negative consequences on the development of capacity 
calculation methodologies in CCR Nordic and CCR Core, and can evolve dynamically with the 
development and merger of CCRs in the future. The methodology therefore does not hinder an 
efficient long-term operation in CCR Hansa and adjacent CCRs, and the development of the 
transmission system in the Union.  
 
 

 Timescales for implementation 8.
 
Due to their location and the radial structure, the interconnections between DK1/DE, DK2/DE and 
SE4/PL can be considered independent from another. This allows the CCR Hansa TSOs to initially 
continue to use their current processes, and implement the new CCM in a stepwise manner in order 
to improve the capacity calculation whenever possible.  
The first improvements are in terms of input and process coordination, while the second set of 
improvements utilises the flow-based projects of CCR Nordic and CCR Core in order to reflect the 
limitations from the AC grids on CCR Hansa interconnectors.  
The implementation of the CCM in CCR Hansa will be done in parallel with the implementation of the 
CCMs (with AHC) in CCR Nordic and CCR Core. 
 
 
 

  
Figure 7: Indicative timeline for the implementation of the CCR Hansa CCM 

 
Current practice 
Following the approval of the capacity calculation methodology by the relevant NRAs, the CCR Hansa 
TSOs will start the implementation of improvements of the current processes to ensure a smooth 
and efficient transition towards one common capacity calculation process in coordination with the 
CCRs Nordic and Core. Up to the introduction of the D-2, D-1, and ID CGMs, the current capacity 
calculation applied in the Hansa region continues as is. 
 
Implementation of CCM for CCR Hansa consists of following steps:  
 
Step 1   
With the introduction of the D-2, D-1, and ID CGMs, as a first improvement, all TSOs in CCR Hansa 
will use the same common grid model as input in their CCR Hansa related capacity calculation 
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processes. This will ensure that the forecast of demand, generation and line availability is the same, 
thus increasing the coordination on the capacity calculation. 
 
Step 2  
In a second step, the CCR Hansa TSOs will use the appointed CCC to further coordinate the capacity 
calculation process. The CCC will calculate the interconnector capacity while the TSOs will send the 
results from their capacity calculations on the AC grid to the CCC. The minimum value will prevail and 
will be calculated by the CCC. The resulting cross-zonal capacities are subject to validation by each 
TSO for its bidding zone borders. The CCC provides the validated cross-zonal capacities to the 
allocation mechanism. 
 
Step 3  
The third step of the CCR Hansa capacity calculation implementation comes with the go-live of the 
Nordic flow-based capacity calculation. The power flows in the surrounding AC grid on the Nordic 
side stemming from the CCR Hansa lines will be taken into account by the AHC in the flow-based 
capacity calculation of CCR Nordic. This replaces the NTC calculation done by the TSOs on the Nordic 
side of the Hansa lines. Possible interdependencies between trade on CCR Hansa borders and trade 
on CCR Nordic borders are represented in the flow-based domains.  
 
It is assumed that the capacity calculation for the Nordlink interconnector will be the responsibility of 
the CCR Hansa. In the Nordic flow-based capacity calculation the impact of Nordlink on the AC grid in 
the Nordic region is modelled with AHC. However, until the operation of AHC in the Core region, the 
impact of Nordlink on the AC grid in the Core region will be modelled in the capacity calculation 
process of the responsible TSO. Therefore the previous bilateral NTC process is changed to a C-NTC 
process, coordinated between all affected TSOs. 
 
Step 4 
Step four in the CCR Hansa CC implementation is the introduction of AHC in CCR Core. At this point 
CCR Nordic and CCR Core model the impact of the CCR Hansa interconnectors on the AC grid in the 
Nordic and the Core region with AHC in the respective flow-based capacity calculation processes. 
Operational security limits (e.g. voltage and dynamic stability), which cannot be evaluated in the 
frame of FB calculations, are assessed by individual CCR Hansa TSOs as the external constraints of 
particular virtual bidding zones representing CCR Hansa interconnectors and respected during 
capacity allocation. The CCR Hansa CCC is responsible for calculating the capacity of the CCR Hansa 
interconnectors themselves and cooperation with the neighbouring CCCs of CCR Nordic and CCR 
Core. 
 
Step 5 
In the implementation of XBID there will - in the beginning - not be any possibility to utilise FB 
constraints. This means that FB constraints will have to be translated to NTC constraints in intraday, 
but it is expected that in a later stage, FB constraints will be utilised in the ID CC as well. 
 

 Results from consultation 9.
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Annex 1: Balancing of the Polish system 
Capacities on the Polish borders may be reduced by the use of allocation constraints, defined in 
Commission Regulation (EU) 2015/1222 of 24 July 2015, (CACM Regulation) as “constraints to be 
respected during capacity allocation to maintain the transmission system within operational security 
limits and have not been translated into cross-zonal capacity or that are needed to increase the 
efficiency of capacity allocation”. These potential constraints reflect in general the ability of all Polish 
generators to increase generation (potential constraints in export direction) or decrease generation 
(potential constraints in import direction) subject to technical constraints of individual generating 
units as well as minimum reserve margins required in the whole Polish power system to ensure 
secure operation. This is related to the fact that under the conditions of the central dispatch market 
model applied in Poland, the responsibility of Polish TSO (PSE) of system balancing is significantly 
extended compared to the standard responsibility of TSOs in self dispatch market models – see 
further explanations below. Thus, the capacity in the export direction is reduced if the export of the 
PSE exceeds generating capacities left available within Polish power system taking into account the 
necessary reserve margin for upward regulation. Similarly, the capacity in the import direction is 
reduced if the import exceeds downward regulation available within the Polish power system taking 
into account the necessary reserve margin for downward regulation. 
 
Rationale behind the  implementation of allocation constraints on the PSE side 
Implementation of allocation constraints on the PSE side is related to the fact that under the 
conditions of the central dispatch market model applied in Poland, the responsibility of the Polish 
TSO on system balancing is significantly extended compared to the standard responsibility of TSO in 
self dispatch market models. The latter is usually defined up to hour ahead time frame (including real 
time operations), while for PSE  this is extended to short (intraday and day ahead) and medium (up to 
year ahead) terms. Thus, PSE bears the responsibility, which in self dispatch markets is allocated to 
Balance Responsible Parties (BRPs). That is why PSE needs to take care of back up generating 
reserves for the whole Polish power system, which sometimes lead to implementation of allocation 
constraints if this is necessary to ensure operational security of Polish power system in terms of 
available generating capacities for upward or downward regulation. In self dispatch markets BRPs 
themselves are supposed to take care about their generating reserves, while TSO shall ensure them 
just for dealing with contingencies in the time frame of up to one hour ahead. Thus these two 
approaches ensure similar level of feasibility of transfer capacities offered to the market from the 
generating capacities point of view. It is worthwhile to note that infeasibilities in this respect lead to 
counter trade actions and appear only if faults out of dimensioning criteria occur. In order to better 
explain the above issue the following subchapters elaborate more on the differences between 
central and self-dispatch market models as well as on PSE’s role in system balancing. 
 
Central vs self-dispatch market models 
Market operation in Europe is carried out in several different ways. However, they can be basically 
grouped in two families: self-dispatch model and central-dispatch model. 
In a self-dispatch market, market design produces a balance between generation and demand 
(including external exchanges) by requiring that market parties (Balance Responsible Parties - BRPs) 
are in a balanced position to participate in the balancing market (e.g. one hour before energy 
delivery). Imbalance charges/penalties are levied on market parties which deviate from the balanced 
position. Commitment decisions, which take into account generating unit constraints, are made by 
the generators in conjunction with the demand elements they are balancing with. Generators alter 
their output to maintain the balance between generation and served demand. To be able to maintain 
balanced position they keep the given amount of reserves in their internal portfolios for 
compensation of their deviations. Before real time, generators submit bids to TSO which correspond 
with self-schedules of their units. Bids are used by TSO to dispatch additional generation needed to 
balance and secure the system in real time. Most of the electricity markets in Europe are based on 
the self-dispatch principle. 
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In a central dispatch market, in order to provide generation and demand balance, the TSO dispatches 
generating units taking into account their operational constraints, transmission constraints and 
reserve requirements. This is realized in an integrated process as an optimization problem called 
Security Constrained Unit Commitment and Economic Dispatch (SCUC/ED). The main distinguishing 
feature of a central dispatch model is that balancing, congestion management and reserve 
procurement are performed simultaneously and they start day before and continuing until real time. 
This involves dispatch instructions being issued several hours ahead of real time, to start up units 
(SCUC), as well as real time instructions for dispatching on line units (SCED). In central dispatch model 
market participants do not need to be in a balanced position. The existing central-dispatch markets in 
Europe currently are the Greek, the Italian, the Irish and the Polish electricity markets. 
 
PSE role in system balancing 
PSE directly dispatches generating units taking into account their operational constraints and 
transmission constraints in order to cover the expected load having in mind adequate reserve 
requirements, which is also forecasted by PSE itself. To fulfil this task PSE runs the process of 
operational planning, which begins three years ahead with relevant overhaul (maintenance) 
coordination and is continued via yearly, monthly and weekly updates to day ahead security 
constrained unit commitment (SCUC) and economic dispatch (SCED). The results of this day ahead 
market are then updated continuously in intraday time frame up to real time operation. In a yearly 
timeframe PSE tries to distribute the maintenance overhauls requested by generators along the year 
in such a way that on average the minimum year ahead reserve margin of 18% (over forecasted load 
including already allocated capacities on interconnections, if any) is kept on average in each month. 
The monthly and weekly updates aim to keep this reserve margin on each day at the level of 17% and 
14% respectively, if possible. This process includes also network maintenance planning, so any 
constraints coming from the network operation are duly taken into account. The day ahead SCUC 
process aims to achieve 9% of spinning reserve (or quickly activated, in Polish reality only units in 
pumped storage plants) margin for each hour of the next day. This includes primary and secondary 
control power pre-contracted as an ancillary service. The rest of this reserve comes from usage of 
balancing bids, which are mandatory to be submitted by all centrally dispatched generating units (in 
practice all units connected to the transmission network and major ones connected to 110 kV, except 
CHP plants as they operate mainly according to heat demand). The other generation is taken into 
account as scheduled by owners, which having in mind its stable character (CHPs, small thermal and 
hydro) is workable solution. The only exception from this rule is wind generation, which due to its 
volatile character is forecasted by PSE itself (like a system demand) and relevant uncertainty margins 
are included (90% for yearly and monthly time horizons referring to installed generation and 20% day 
ahead referring to forecasted generation). Thus, PSE has the right to use any available centrally 
dispatched generation in normal operation to balance the system. The negative reserve 
requirements during low load periods (night hours) are also respected and the potential pumping 
operation of pumped storage plants is taken into account, if feasible. The further updates of 
SCUC/SCED during the operational day take into account any changes happening in the system 
(forced outages and any limitations of generating units and network elements, load and wind 
forecast updates, etc.) and aim to keep at minimum 7% of spinning reserve for each hour (as 
described above) in a time frame corresponding to the start-up times of the remaining thermal 
generating units (in practice 6 to 8 hours). Such an approach usually allows to keep one hour ahead 
spinning reserve at the minimum level of 1000 MW (i.e. potential loss of the largest generating unit 
of 850 MW and 150 MW of primary control reserve being PSE’s share in RGCE). 
 
Practical determination of allocation constraints within the Polish power system  
As an example the process of practical determination of allocation constraints in the framework of 
day ahead transfer capacity calculation is illustrated on the below figures 2 and 3. They illustrate how 
a forecast of the Polish power balance for each hour of the next day is developed by TSO day ahead 
in the morning in order to find reserves in generating capacities available for potential exports and 
imports, respectively.  
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Allocation constraint in export direction occurs if generating capacities left available on centrally 
dispatched units within Polish power system for export are lower than the sum of export ATCs on all 
three interconnections (synchronous cross section, Swepol Link and Litpol Link). Allocation constraint 
in import direction occurs if downward regulating capacities left available on centrally dispatched 
units in operation within Polish power system for imports (∆Import) are lower than the sum of 
import ATCs on all three interconnections (synchronous cross section, Swepol Link and Litpol Link). 
  

1. sum of available generating capacities 
of centrally dispatched units14 as 
declared by generators,  reduced by: 
1.1. TSO forecast of capacity not 
available due to expected network 
constraints 
1.2. TSO assessment (based on 
experiences of recent days) of extra 
reserve to cover short term 
unavailabilities not declared by 
generators day ahead (limitations 
coming from e.g. cooling conditions, 
fuel supply, etc.) and prolonged 
overhauls and/or forced outages 
 
2. sum of schedules of generating units 
that are not centrally dispatched as 
provided by generators, except wind 
farms for which generation is forecasted 
by TSO 
 
3. load forecasted by TSO 
 
4. minimum necessary reserve for up 
regulation (for day ahead: 9% of 
forecasted load) 

Figure 2: Determination of allocation constraints in export direction (reserves in generating capacities 
available for potential exports) in the framework of day ahead transfer capacity calculation 

                                                           
14 note that generating units, which have very limited working hours left due to environmental restrictions are 

not taken into account in power balance for determining export allocation constraints: most of these units 
are still in operation only thanks to special contracts with TSO (thus being out of the market) – otherwise 
they would have already been decommissioned as not profitable; currently also all  pumped storage units in 
Poland are also operated by TSO out of market (for the same reason), however these units are taken into 
account in power balance for determining export allocation constraints as their operation is not limited 
environmentally 
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1. TSO estimation of sum of technical 
minima of centrally dispatched 
generating units in operation  
 
2. sum of schedules of generating 
units that are not centrally 
dispatched as provided by 
generators, except wind farms for 
which TSO forecast of wind 
generation is taken into account. 
 
3. load forecasted by TSO 
3.1 minimum necessary reserve for 
down regulation (for day ahead: 
500MW) 

Figure 3: Determination of allocation constraints in import direction (reserves in generating 
capacities available for potential imports) in the framework of day ahead transfer capacity 
calculation 
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