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Abbreviations:

AAC
AC
AHC
ATC
CA
CACM
CcC
CCM
CCR
CGM
CNE
CNEC
CNTC
DA
DC
FB
GSK
ID
IGM
NEMO
NTC
NP
OWF
PTDF
RA
TRM
TSO
TTC
XBID

Already Allocated and nominated Capacity

Alternating Current
Advanced Hybrid Coupling
Available Transfer Capacity
Capacity Allocation

Capacity Allocation and Congestion Management

Capacity Calculation

Capacity Calculation Methodology
Capacity Calculation Region

Common Grid Model

Critical Network Element

Critical Network Element Contingency
Coordinated Net Transmission Capacity
Day Ahead

Direct Current

Flow-Based

Generation Shift Key

Intraday

Individual Grid Model

Nominated Electricity Market Operator
Net Transfer Capacity

Net Position

Offshore Wind Farm

Power Transfer Distribution Factor
Remedial Action

Transmission Reliability Margin
Transmission System Operator

Total Transfer Capacity

Single intraday market coupling
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Introduction
This document contains explanations for the proposal for a common coordinated capacity calculation
methodology for the day-ahead and intraday time frame 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).
CCR Hansa Transmission system operators (TSOs) are obliged to consult stakeholders on proposals for
terms and conditions or methodologies required by the CACM Regulation.

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 of ensuring 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 that 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 CCR
Hansa borders is optimised to the fullest extent possible. This implicitly means that CCR Hansa assumes
that, if possible, all AC grid limitations outside the CCR Hansa interconnectors are taken into account
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 between the
CCR Hansa bidding-zone borders, which shall be respected during the allocation process.

This document is structured 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 explanation for the capacity calculation methodology for the day-ahead
and intraday time frames presented in the legal proposal. 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 can subsequently be found in Chapter
8. Public consultation responses are shown and commented on in Chapter 9.

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.
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Legal requirements
According to Article 20(2) of the CACM Regulation, each CCR is required to submit a common capacity
calculation methodology for approval by the relevant 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 time frame.

According to the CACM Regulation, the approach to be used in the capacity calculation methodology
(CCM) for both the day-ahead and intraday time frame is the flow-based approach.2 However,
according to Article 20(7) of the CACM Regulation, CCR Hansa TSOs may jointly request the NRAs to
apply the coordinated net transmission capacity approach (CNTC) in regions and on bidding-zone
borders if the CCR Hansa 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” 3

“'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.”*

“‘reliability margin’ means the reduction of cross-zonal capacity to cover the uncertainties within
capacity calculation.”>

“‘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;”®

“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;"”?

“‘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;”®

2 Article 20(1) of CACM Regulation.

3 Article 2(8) of the CACM Regulation.
4 Article 2(9) of the CACM Regulation.
5 Article 2(14) of the CACM Regulation.
6 Article 2(6) of the CACM Regulation.
7 Article 2(7) of the CACM Regulation.
8 Article 2(10) of the CACM Regulation.
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“’coordinated capacity calculator’ means the entity or entities with the task of calculating transmission
capacity, at regional level or above;”®

“’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;”1°

“’remedial action’ means any measure applied by a TSO or several TSOs, manually or automatically, in
order to maintain operational security.”!!

Secondly, in Article 21 the CACM Regulation sets 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;
1. the methodology for determining the generation shift keys in accordance with Article 24;
V. 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;

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

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

V. 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;

Vil. 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.

9 Article 2(11) of the CACM Regulation.
10 Article 2(12) of the CACM Regulation.
11 Article 2(13) of the CACM Regulation.
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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.

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 CCR Hansa TSOs 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.”
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Definition of bidding-zone borders in CCR Hansa
This methodology relates to the bidding-zone borders of CCR Hansa. In line with Article 4 of ACER’s

decision? on the determination of capacity calculation regions, CCR Hansa currently consists of the
following bidding-zone borders:

1) Denmark 1 - Germany/Luxembourg (DK1-DE/LU)
3. Energinet.dk and TenneT TSO GmbH,;
Via onshore AC-grid connection

Additional information on the DK1-DE/LU border is given in section 3.1

Denmark 2 - Germany/Luxembourg (DK2-DE/LU)
Energinet.dk and 50Hertz Transmission GmbH; and
Via the Kontek HVDC interconnector

3) Sweden 4 - Poland (SE4 — PL)
Svenska Kraftnat and PSE S.A.
Via the SwePol HVDC interconnector

Current interconnectors:
1: DK1-DE/LU AC grid
2: Kontek

3: SwePol

Foreseen interconnectors:
4: NorNed

5: COBRAcable

6: NordLink

7: Baltic Cable

8: Kriegers Flak CGS
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Figure 1: Geographical overview of the current and foreseen bidding-zone borders covered by CCR
Hansa.

Additionally, new bidding-zone borders are expected to be added to the CCR Hansa through requests

for amendment. In the upcoming years, it is foreseen that requests for amendment could be handed
in for the following bidding-zone borders to be added to CCR Hansa:

4) Norway 2 —the Netherlands (NO2-NL)
Via the NorNed interconnector

12 ACER decision 06-2016 of 17 November 2016.
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3.1

Additionally, it is expected that NorNed (NO2-NL) will be added to CCR Hansa once Norway ratifies
the CACM Regulation. The 3™ EU liberalisation package, EU Regulation No. 713-714/2009 was
ratified in Norway in April 2018, but the Network Codes and Guidelines are not yet ratified.

5) Denmark 1 —the Netherlands (DK1-NL)
Via the COBRAcable HVDC interconnector
Request for amendment to add the DK1-NL border to CCR Hansa was handed in to alINRAs for
approval on 13 March 2018.

6) Germany/Luxembourg — Norway 2 (DE/LU-NO2)
Via the NordLink HVDC interconnector
Similar prerequisite as NorNed that Norway ratifies the CACM Regulation. Foreseen go-live of the
IC is end of 2020.

7) Germany/Luxembourg — Sweden 4 (DE/LU-SE4)
Via the BalticCable HVDC interconnector
At present, the owner of Baltic cable (SE4-DE/LU) is not a certified CCR Hansa TSO. Until the owner
of Baltic Cable becomes a certified CCR Hansa TSO, BalticCable is not expected to be allowed to
join CCR Hansa and is therefore not in scope of the CCR.

Lastly, an additional interconnector is to be added to an already existing bidding-zone border in CCR
Hansa:

8) Denmark 2 — Germany/Luxembourg (DK2-DE/LU)
Through the development of Kriegers Flak Combined Grid Solution, a hybrid interconnector
consisting of interconnected offshore wind farms in the DK2 and DE/LU bidding zone, an
additional interconnector will arise parallel to the already existing Kontek interconnector.
Additional information on the Kriegers Flak CGS is given in section 3.2

As is apparent from the list and table above, CCR Hansa largely consists of fully controllable HVDC
interconnectors. There are two exceptions to this, the AC-grid border DK1-DE/LU and the Kriegers Flak
CGS attributed to the DK2-DE/LU border, of which an additional description will be given in the next
sections.

Description of the Denmark 1 - Germany/Luxembourg AC border
CCR Hansa consists of two DC-connected borders and one AC-connected border. To understand the
capacity calculation methodology and the related methodologies for remedial actions it is important
to know the current topology of the AC border which is shown in Figure 2. When the 220kV lines (green
lines in map) are upgraded to 400kV, the one which connects to the Danish substation “Ensted” will
instead connect to “Kassg”, making the existing and new 400kV lines fully parallel.

At present, there are two phase-shifting transformers placed in Denmark at the substations where the
220kV lines connect. The aim of these is to equalize the distribution of flows between the 400kV and
220kV lines and therefore to ensure the 220kV lines are not overloaded in operation.

There is no synchronous connection from DK1 to DK2 or Scandinavia. DK1 is only connected with AC
lines to the German grid. This means that all exchanges between DK1 and DE have to flow from Kassg
to Audorf. Only the grid between Kassg and Audorf is represented within the capacity calculation of
CCR Hansa. The 150kV line from Ensted in Denmark and Flensburg in Germany is only a supply line, as
there is no transfer capability between the bidding zones of DK1 and DE on this line. Due to historic
reasons, significant parts of Flensburg is supplied from Denmark and is part of the market in DK1.
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Figure 2: Topological overview of the Denmark West (DK1) - Germany (DE/LU) AC connection within
CCR Hansa. The green lines are 220KV lines and the red lines are 400KV lines, and these
are both double circuits across the border between Denmark (DK1) and Germany (DE/LU).

Since both cross-border connections are connected to the substations Kassg in Denmark and Audorf
in Germany, the DK1-DE/LU border is considered radial and no loop flows can occur.
3.2 I . . . .
Description of Kriegers Flak Combined Grid Solution
From 2019, two separate connections will make up the DK2-DE bidding-zone border. The existing
KONTEK DC interconnector and the Kriegers Flak Combined Grid Solution (KF CGS).

KF CGS is a novel type of CCR Hansa interconnector, being a hybrid with interconnector and offshore
wind farm (OWF) grid connection.

Due to the fact that the transmission grids in Eastern Denmark and Germany, respectively, belong to
different synchronous areas and thus are operated non-synchronously, KF CGS, in case it being solely
an CCR Hansa interconnector between Eastern Denmark and Germany with no OWFs connected to it,
would have been set up as an ordinary DC line. For both technical and economic reasons, KF CGS is set
up as an AC line, however with a back-to-back converter which is located at one of its ends and converts
AC into DC and back into AC and thus enables the connection of the Nordic synchronous area with the
one in continental European synchronous areas.

KF CGS is comprised of
- aback-to-back converter station at the German terminal of KF CGS.
- two German OWFs that feed into the German bidding zone through an AC radial grid
connection.
- an AC cable connecting the grid connection of the German OWFs with the grid connection of
the Danish OWFs.
- one Danish OWF that feeds into the DK2 bidding zone through an AC radial grid connection

Despite its technical setup, KF CGS behaves in operational terms like an ordinary DC link and therefore
is to be treated as such.
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Figure 3 Conceptual sketch of KF CGS that is constituted of parts from a Danish OWF (with two
offshore substations), two German OWFs, a connecting cable between the OWFs, and a
back-to-back converter station. Green colours indicate parts of KF CGS stemming from the
Danish OWF, blue colours show parts stemming from the German OWFs, and red colours
show parts stemming from the CCR Hansa interconnector.

As such, KF CGS is not directly comparable to a traditional interconnector, regardless of it being a DC
or an AC connection, but is instead a hybrid. When the capacity for the DK2-DE/LU bidding-zone border
is calculated, the hybrid nature of KF CGS means that special considerations have to be made in the
capacity calculation methodology.

The hybrid nature of KF CGS has two concrete implications for the possibility of transmitting energy
between the DK2 and DE/LU bidding zones.
1. The expected generation of the German OWF(s) [of the Danish OWF(s)] reduces the import
capacity of the German bidding zone [of the Danish bidding zone] over KF CGS.
2. The expected generation of the German OWF(s) [of the Danish OWF(s)] can in some cases
increase the export capacity of the German bidding zone [of the Danish bidding zone] over KF
CGS.

Regarding point 1, the capacity that can be given to the market depends on the expected generation
of the OWFs since the KF CGS CCR Hansa interconnector can only utilise the share in the transmission
capacity on KF CGS which is not needed to transmit the electricity generation of the German and
Danish OWFs to the respective national transmission grid.

OWEF generation has prioritised access to the transmission capacity towards its home market which
directly reduces the capacity available for the electricity markets. This is reflected in the mathematical
description of the capacity calculation methodology as a forecast term related to already allocated
capacity.

Regarding point 2, the fact that generation units are physically located on the CCR Hansa
interconnector implies that wind generation can supplement the flow on the CCR Hansa
interconnector. In the case where the sending end terminal constitutes a binding constraint (a
bottleneck) for the capacity calculation, wind generation at the sending OWF can compensate for the
transmission loss between the constraint and the OWF to allow a higher market capacity. In the
mathematical description of the capacity calculation methodology this is introduced as a KF CGS-
specific forecast term related to the loss factor that is central to determining the TTC (Total Transfer
Capacity). This is especially relevant for the northbound market capacity.

Conceptually, KF CGS consists of three sections, as shown in Figure 4, with section 1 being the radial
grid connection of the Danish OWF to DK2 (capacity of 600 MW), section 2 being the cable connection
between the Danish OWFs and the German OWFs (capacity of about 400 MW), and section 3 being
the radial grid connection of the Germans OWFs to Germany (capacity of about 400 MW).
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Figure 4 Conceptual illustration of transmission capacity of different sections of KF CGS

For the northbound capacity, transmission losses imply that section 3 is a bottleneck, such that the
transmission capacity of about 400 MW can never be fully utilised with northbound flow.

Using the generation of the German OWFs located physically at the interface between section 2 and 3
partly, or if so, completely for covering the grid losses on section 3 moves the bottleneck from section
3 to section 2. This means that the market capacity can be increased by the equivalent of the full load
grid losses of section 3.

For the southbound capacity, section 2 is the bottleneck from the outset, since the transmission
capacity of section 1 is higher than that of section 2. Only in case of an outage on section 1 can this
section make up a bottleneck, in which case expected generation on the Danish OWFs can increase
the market capacity.

The KF CGS was granted a 10 year exception with the EC decision no. 2020/7948 of 11 November 2020
on the derogation for KF CGS following Article 64 of Regulation (EU) 2019/943. The decision sets that
the capacity basis to be used for calculating the minimum capacity shall be the residual capacity after
deduction of the capacity necessary for transporting the forecasted electricity production by the wind
farms connected to the Kriegers Flak Combined Grid Facility at the day ahead stage to the respective
national onshore systems, rather than the total transmission capacity. The Hansa CCM is reflecting this
decision in the solutions described for KF CGS throughout the Hansa CCM.
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Capacity calculation methodology for the day-ahead time frame
This chapter describes the target capacity calculation methodology which will be applied for CCR Hansa
bidding-zone borders in the day-ahead time frame.

Rules for calculating cross-zonal capacity
Article 3 in the CCM for CCR Hansa describes the rules for calculating cross-zonal capacity in CCR Hansa
4. and makes several references to the relevant articles in the CACM Regulation.

The capacity calculation approach for CCR Hansa follows the coordinated net transmission capacity

4.1 (CNTC) approach. As written in CACM Regulation Article 20(7), CCR Hansa TSOs may jointly request the
competent regulatory authorities to apply the CNTC approach, if the CCR Hansa TSOs are able to
demonstrate that the application of the capacity calculation methodology using the flow-based
approach would not yet be more efficient compared to the CNTC approach assuming the same level
of operational security in the concerned region.

The CCR Hansa TSOs will provide the CCC with the following information listed in Article 3 of the CCM
for each market time unit.

This information is necessary for the CCC to calculate the cross-border capacity in both directions for
the CCR Hansa bidding-zone borders.

The rules also specify that if the capacity calculation cannot be performed by the CCC, then the fallback
proposals will apply.

The rules also state that the CCC shall submit the results of the capacity calculation to the CCR Hansa
TSOs for validation and, in the end, make sure that the validated cross-zonal capacities and allocation
constraints are provided to the relevant NEMOs before the day-ahead and intraday firmness deadline
following CACM Regulation Articles 69 and 58.
4.2
Description of the capacity calculation methodology in CCR Hansa

The capacity calculation methodology proposed for the day-ahead time frame unifies 3 congestion-
relevant parts. It takes advantage of the flow-based 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 CCR
Hansa interconnector capacities are addressed individually within CCR Hansa.

Flow-based domain calculated by CCC of CCR Nordic

7 4
;" Virtual
Node

CCCof CCR Hansa S
calculates the s
interconnector capacity AC ‘\
within CCR Hansa DC ]
"’,

Flow-based domain calculated by CCC of CCR Core
Figure 5: Capacity calculation in CCR CORE, CCR Nordic, and CCR Hansa
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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 CCR Hansa interconnector on the exporting
side;
2. The CCR Hansa interconnector itself;
3. The AC grid sensitive to the trade surrounding the CCR Hansa interconnector on the importing
side.

This holds true for all cross-border trade, irrespective of the type of CCR Hansa interconnector (AC or
DC) or the applied capacity calculation methodology (NTC or flow-based).

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

These three contributions together deliver the limits on flow on the CCR Hansa interconnectors and
can be represented as in Table 1. The flexibility the methodology allows for is to contain both flow-
based restrictions as well as C