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1.Changesompared to TYNDP 2022
Implementation Guidelines

ENTSEE is constantly working on improving the methodologies, data etc. for the assessment
of projects within the TYDNP project assessment. Although this Implementation Guidelines
is based on the®@improvedCBA Guideline and therefore to be seen as a mature document
the following main changes compared to the TYNDP 2022 need to be highlighted:

T
T

=

= =

=

Inclusion of a new Security of Supply loop for the calibration of the scenarios.
Generalisation of the SEW by formulation of the global $&3Mding a detailed
example

Clarification that when PiT are used, a detailed validation needs to be given
Inclusionof a methodology on how to assess the commissioning years

55t SGSR (KS aSOiA2y 2F GKS aLYdGSNI Ayl 3S
as this information was mainly included under the global SEW description

Inclusion of alear definition of the usage of Poinis-time

Inclusion of a methodology to assethe B8l indicator

Deleted the specific section on the B&8lack start service indicator making it more
general in its application

Actualisation of the lisbf simulation tools

PEMMDB generators categories updated with inclusion of a new generator type
being the CCGT Hydrogen

Inclusion of themethodologiesto assess the European Union targets as introduced
in the 4" CBA Guideline

General error corrections, consistency changes and minor changes included based on
increasing the understandability of the document are not listed above.
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2.Introduction and scope

TheTYNDP 2024nplementation Guidelines provide complementary informattorthe 4™
ENTSEE Guideline for Cost Benefit AnalysisGrid Development ProjecfThey do not
replace it. For a full understanding of these Implementation Guidelines, it is strongly
recommended that the reader familiarise themselves with #fe CBA guidline. Only in
combination do both documents deliver the necessary information to practically perform a
project CBA in the ENTSEOlerYear Network Development Plan (TYNDPY20#ormation

not explicitly noted in the Implementation Guidelines has to basidered with respect to

the 4" CBA guideline.

These guidelines for th&@ YNDP 2024re drafted under the requirement of being made
public, together with theTYNDP 202dackage, as demanded by th8 CBA Guideline. The
structure of the4™ CBA guidelia follows a general and modular approach. It explicitly refers
to and relies on the study specific implementation guideditiee. for theTYNDP 202these
present guidelines):

a. Itis modular as each individual indicator or aspect withirdR€BA guidéte
is presented as an individual module. This approach allows EET®O
include small changes or revise/add/revoke single indicators in a clearer
manner without changing the entire document.

b. Itis more general as very specific details or assumptiondettéor applying
the CBA guidelines are pushed to the Implementation Guidelines while the
CBA relies on the main concepts.

Therefore, the Implementation Guidelines must fulfil different requirements, as described
below.

For the application of the CBAye reader should also make use of:

4th ENTSEE Guideline for Cost Benefit Analysis afi®evelopment Projects (Submitted to
ACER 24.04.2023)

TYNDP 2024 SceralVebpage

Key drivers of the methodology:
1. Complementing the guidance as given in 44eCBA Guideline

2. Delivering the mathodology for assessing projects with and without a major impact
on trading capacities

3. Alignment between results and tools in order to create comparable results

4. Transparency regarding the methods, assumptions and models used within the
TYNDP project asssment
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3.Modelling frameworks

The figure below outlines the project assessment process, including market and network
simulations, and the link between the two.

RESIDUAL IMPACT ASSESSMENT 14

PROJECT
PROJECT COSTS » ASSESSMENT

PROJECT
PROMOTER INPUT

000

/ FEE'

@ SCENARIO )—» MARKET SIMULATION >
AN
N

o GENERATION, CONSUMPTION
AND EXCHANGE PATTERNS

N CBA NETWORK
NETWORK SIMULATION s

PROJECT TECHNICAL DATA

GRID MODEL

EEE

Figurel ¢ Schematic project assessment process. Whetas | YI N] S AYyRAOFG2NBRQ FyR W/ .|

0KS RANBOG 2dzi02YS 2F YIN]J SO yR ySiig2N] adGddzRASazr NBaLISOi

without the use of simulations.

This section delivers a detailed overview of thepective steps as shown in Figure 1.

In the scope of the TYNDP, the project assessment consists of appraising the impact of a
project not only to the power system but also to the environment and to the society
Those impactsare characterised by a numbef indicators that careither come from

the project promoters themselves or can be extracted from market and/or network
simulations. For each of the scenarios considered within the TYNDP study, the
generation fleets and demand time series are definedis TTeedsinto the market
simulation process together with the reference grid representative of the market
exchanges capacities between different bidding zorfésoject promoters have to
submit technical data on their projects which che taken into accounor not in the
reference depending on specific factors detailed in the CBA 4 Guideline.
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To captureand assesthe crosssectorial coupling impacts, the

hydrogenand the electricity sectos are interlinked. All electricity pojects undergo a
dual-system) assessment. This is shown Fiigure 2, where the joint scenariosnd
reference networksare the inpus for the interlinked dispatch model The dual
assessment provideresults for twoclasse®f indicators:

a) Energy systenwide indicatorsencompass the crossectorial view. Those indicators
incorporatethe completeresults from the interlinked model andan be used to
compare projects across sector

b) Sectorspecific indicatorselong to the electricity sectoiTheyare obtained fran a
subset of the results from the interlinked modehnd/or need to be further
processed.

‘ Sector Specific Indicators ‘

SCENARIOS
expansion and Project
dispatch

Take out one at a time (TOOT)

Put In at a time (PINT)
Reference Networks

Demand + generation (H2 and electricity) |

capacity (incl. P2G)

| Energy System-Wide Indicators

v
H2 + System P
rojects : ;
electricity —_ Assessment / e | ! ‘ ' g; f’_“lg;lld::‘q‘r‘i:—;:(”m”“[ welfare
dispatch model Base Run mpac :

Figure2 - Duak(system) asessment of electricity projects in one overarching framework by interlinkinghifidrogenand
electricity sector.

3.1. Senariog2.1 in CBA)

An overview of thedraft scenarios, their storylines, main data points and definitions as
applied to the TYNDP 282an be found in th¢LINK to Scenario 20p4

In the TYNDP 2@2the scenarios defined within the scenario building process are NT2030,
NT2040, DE204@®GA2040and DE2050GA2050Based on thse scenarios, the focus for the

CBA assessment in the TYNDP 2024 is on the 2030 and 2040 time horizons, while the NT
scenario is given the highest priorias the scenarios following the national energy and
climate policies derived from the European taigerhus, m this context, it is important to

note that the market CBA is calculated for the scenarios as shown in the table below, and the
full CBA is only performed for the NT2030 scenamieaning that this is the only scenario in
which load flows andther network calculations are carried out.

Given the high uncertainties for very lotgym scenarios and the focus on supporting the PCI
process no simulations for the study year 2050 will be performed in the TNYDP 2024 project
assessment. Thus the CBAassment will be carried out for the 2030 and 2040 study horizon
which also helps witlihe comparability of the CBA assessmeasultswith the previous
TYDNP.

Adequacy assessments are prioritised to NT2082040 and DE204@enari.
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An overview of the indicators calculated for the respective

scenarios is provided in the table below:

The climate years have been selected based on their representativeness out of 30 climate
years within the Paiituropean Climate Database (PECD). Thetsdsam market

simulations are then considered based on the weighted average from these three climate
years. The weighting is as follows: 0.233 for 1995, 0.367 for 2008 and 0.4 for 20009.

The table below gives an overview of which scenario the CBA inds@td NTC calculations
are to be performed in.

Scenario B1, B2, B3B4 B5¢ Losses B6¢ Adequacy kNTC

NT2030 Yes Yes Yes Maybe
Climate years
NT2040 Yes Yes* Yes

Climate years

DE2040 Yes Yes* Yes

Climate years

GA2040 Yes No No No

Climate years

DE2050 No No No No
GA2050 No No No No

1 The losses calculations for the NT2040 and DE2040 scenarios might be skipped in
favour of the NT2030 simulations in case of running issoies concerning the
project plan of the TYNDP 2024.

3.1.1.Security of Supply loop (adequacy calibration of the Scenarios)

The methodology of the Security of Supply loop can be described in the following steps.

The reference case scenario must have a realistic LOLE level (maximum LOLE criteria with
tolerance + 1h) for all countries without the project that is being assess#aded in the
system.

The philosophy behind th& O S vy ladNBuAc® &alibration is either to:
1 Add peaking generation capacities or DSR where LOLE exceeds SoS standard (LOLE

<3 h as default)
1 Reduce installed capacities of peaking generation where LOLEt&8d&rd
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For the SoS loop (mainly) it should be ensured that the initial

LOLE obtained is below the adequacy criteria of the country and that it is not
G2Q0SNF RSIljdzZ G S¢ o

SoS quantification is based on standard methodology similar to one used within ERAA
project conducted by ENTSE) The following assumptions are used:

1 Several hundreds of Monte Carlo years are simulated for whole modelled perimeter

1 Balancing reserves are added to the consumption or derated from the hydro
generation or from the thermal genetian

1 For each country it is assumed that the LOLE should be below or equal the existing
adequacy criteria (3 hours as default) and above 2 hours of LOLE (unless removal of
capacities does not allow to reach it)

Further, the iterative process is performeadtil the criteria is satisfied for each country (or
no more capacity of the prdefined types can be added/removed).

N[ 2030 scenario

For each country:
« If 2 h < LOLE < 3h (or national criteria)
OR
Check LOLE * no more capacity to add/remove
Adequacy
) . for all
simulation .
MC years countries

Several hundred

Add/remove
capacity

Only add/remove peaking
No change to other capacities

Figure3 ¢ SoS Loop lterative Process Diagram in TYNDP 2022 process

For TOOT projects, it is necessary to ydtfs condition. If the model results without the
project integrated does not respect the LOLE level, it might be needed to add some peaking
power plants in the countries to reach the adequacy standard without the TOOT project.
The maximum capacity addedrresponds to:

- NTC to the country that sees SoS benefit (if only one side shows SoS benefit) or
- NTC direct + NTC indirect (if both sides show SoS benefit)

- Special case: Assessment of TOOT project that adds a new interconnection between
two market nodes, where in one market node there is no generation capacity nor other
interconnections. In this case when TOOT project is removed, LOLE in isolated market node
is equal to 8760 h. If NTC increase value of new interconnection was to be added as peaking
unit capacity in isolated country that has low average load no delta ENS would be calculated.
To avoid this situation in isolated market node peaking unit capacity lower than NTC increase
of TOOT project needs to be added. Added peaking unit capacitydshewdnough to meet

the LOLE requirement in isolated market node (LOLE<3h) without TOOT project.
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3.2. Market simulation$2.4 in CBA)
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3.2.1.Tools used for market simulations

The TYNDP project assessment should report costs and benefits orFEagrean level due
to market and network simulations. The tools used for market simulations are:

A Antareslink

Plexodink

Promed (internal tool)
APG Tool (internal tool)

o o >

3.2.2.Generation cost and total surplus approach

Disclaimer:the details of the global SEW and hydrogen modelling are currently under
development within the TYNDP Study Team. The final information on how the global
SEW is included and how hydrogen is modelled will be given in the final version of the
Implementation Guidelines after public consultation. This section however already
reflects the main principles as defined within the CBA 4.

Market simulationsare usedfor assessing indicators HP2-B3-B4B6 The assessment

of the indicator Blcan rely on two possible approaches: the generation cost approach
or the total surplus approactnillustrated example for their calculation is provided in
the Annex CBoth are elaborated in thé CBA Guideline in Annexes | arahid capture

the global socieeconomic welfare (SEW).

A Thegeneration cost approackkompares the generation costs with and without the
project for the different bidding areas. This approach can be used for inelastic (i.e.
fixed demand in each time step) demand only

A Thetotal surplus approacltompares the producer and consumer surplusegte
different bidding areas as well as the congestion rent between them, with and
without the project. When sectors are coupled, the cross sectoral rent with and
without the project are also comparedhis approach is capable of dealing with
both elastt and inelastic demandThe global SEW along the sectoi

Al A A GEOEACE Ggdkitulated as follows:

¢

YO Y Y Y Y
where'Y is the consumerent,’Y is the producerent,’Y is the congestion

rent of sector® "Yand'Y " Is thecrosssector rent stemming from the
interlinkage between the electricity and hydrogen sector.
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Any componentoN 6 of the energy systera.g. electrdyser or

hydrogen gas turbinghat introduces a coupling between the electricity anthe
hydrogen sector belongs to certain market asewith market clearing price

a @ h for electricity andd Gy h for hydrogen. The crossector rent is
dependent on the price difference and is summed up over all timestepsYby
applying

Y a@d® ol ad®  n' h
where ) F‘ﬁ andn F‘ﬁ denote the O 2 Y LJ2 y dunbul Or&input power
referenced to the hydrogen and electriciside respectivelyNote that these powers
FNE RAFFSNBYyld Fa GKS@ IINB O2dzL SR 6AGK
from one energy carrier into another.

The producer rent for sectaf “Yis composedy the contributions from the generation
wN "Oand storage caponentswN MY,

Y y B
The producer rent from the generation portfolio is

yh ad" aol ot dab Eh
whered @i "QQ¢ & is thet nharginal cosof the generation asseissociatedvith N
Q4 @ his the market clearing price at time step "Yto the correspondingmarket
zoneg andn h i denotes the generation output. For storageuilges, we attribute the

benefits of arbitrage to the producer rent lweducting the cost of stored energy. It is
calculated by

oy h . % hx h , % hx h >
Y ad N F ad o oph

N N

wheren h i corresponds tahe demand of the storage componeatt Y at time step
ON "Yof sector’@ Y

In the same straightforward wayhe @nsumerrentis determined by

'Y QavidQo&S q" L h
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where Q& i @ "ot strike price level for which a

consumer or a demand side respon@SRomponent®™ 0 is willing to buy energy
from the markets. Inelastic demands us$es Value of Lost Load (VOftdr)the elasticity,
whereas DSR umitserve certain DSR bands as input for the elasticity.

TYNDP 2024 IMPLEMENTATI@MDELINES en tS O@

Finally, the ongestionrent in sector’® "Yis summed up over afbv 0 "Q¢ &nd
timestepsoN “Yby

where & @ g &) his the price differenceandn his the exchange power

between the from and to directions of the interconnected market areas.

In the event of inelastic demangiwhich is the case for the modelling used in TYNDP
2024 ¢ the two approaches give the exact same resultee SEW fohird countries are
calculated using the total surplus approasimce considered solely, the exchanges
between a third country and the ENT&perimeter can change due to the adding of a
transmission project.

The elasticity of the demand is modelled as demand side response i(DBR)same
manner as generators are modelledhis does not impact the validity of the generation
cost approach.

323.¢NBFGYSYyd 2F WIKANR O2dzy i NASaQ

The geographic perimeter for benefit and cost reporting in the TYNDP is defined as covering
countries from ENTSE, as well a8rd countries (Israel, Lybia, Ukraine, Moldova, Palestine,
Tunisia, Georgia, UK, Egypt, Morocco, Algeria, Malance, this excludes countries as
defined below

The ENTSEE perimeter is connected to nemember countries; so called thirdcountriesg

in which costs and benefits may arise. It is therefore necessary to properly consider the
benefit allocation because project benefits that arise in third countries should, in principle,
not be counted as a paBuropean benefit and should be @uded from the TYNDP
assessment. The simulated costs and benefits may therefore need to be adjusted to account
for the effects created in third countries (i.e. remove these effects when reporting a value).

Therefore, in the TYNDP assessment for projietsare connecting third countries (for
example Tunisia, Libya, Egypt, Israel), the SEW is calculated with the use of the total
surplus approach. As the total surplus approach gives the SEW components on the
market node level, it is possible to get rid #nefits related to these third countries.

The benefit is then reported separately for the ENIES@erimeter and for third
countries. Similarly, the benefits are computed for the ZAperimeter, covering 27 EU
member state countries.
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3.2.4.Geographical scopefdhe market

model

The geographic perimeter for the market model is defined as ENET&Dintriegexcept
for Iceland)and the following connecting third countries:

1 Algeria,GeorgiaEgypt, Israel, Libya, Morocddpldova Malta, Palestine,
Tunisia,Turkey, Ukraine and United Kingdom.

The TYNDP project assessment should report costs and benefits onEupgpean

level. As described in Section 2.2 the costs and benefits need to be adjusted to account

for the effects that are created in third countrie$o remove the effects on third

countries, projects connecting with them should use the total surplus approach. In

contrast, but for the same reason, pd&iurope interactions between Russia are
Y2RSftfSR 4 aFAESR SEOKIy3aS&¢ Ay GKS YI NJ S

3.2.5.Generaton unit data

All assessments in the TYNDP 4208 a common ENTSHdatabase as defined within

the PanEuropean Market Modelling Database (PEMNID&rsion 5. Asthe market
simulations are carried out on the full p&uropean perimeter plus third courngs (see

3.2.4) a reduction in complexity has to be done to reduce the memory usage during the
computations. Therefore, the modelling data based on the generator resolution (where
detailed information per generator is given) is reduced to generation caiegor his is

done by merging each generator with comparable properties to one category (e.g.
Nuclear, Lignite old 1, Lignite old 2 etc.). The full list of used categories is given in Annex
C

3.2.6.Modelling assumptions

The market simulation uses the following input data

A ENTS® Qa t 9 & pabkage modering:

o Hydro

o Prices

o Net generating capacities for all
generating types

o Predefined generation time series

o Mustrun values of thermal generation

types

! This terminology is consistent with other ENTSO-E documents and published data. Wherever this document
refers to a market model, it covers in general all these items.
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o Avalilabilities of thermal units
o DSR capacities

Demand profile time series for all market nodes, per climate yearsapdaio

PECD covering solar irradiance, wind generation, ambient temperature and
hydro inflow data per climate year and scenario

Planned and forced outage time series

Costs for generation:

To o

To T

Variable fuel costs

Internalised cost of CO2 emissions
Marginal cost of thermal generation
Variable operation and maintenance
costs

o Startup and shutdown costs

o O O ©

A Crosshorder capacities (NTC values)
A Fixed exchanges with nemodelled countries

3.2.7.Timeresolution

The marketsimulations are performed for 8736 hourly steps starting with Monday to
have exactly 52 weeks. This is useful as most tools apply weekly optimisations.

3.2.8.Climate years

The climate years considered for TYNDP4202arket simulationsare 1995, 2008 and

2009. For each climate year, the factors from the FHauropean Climate Database
(PECD) are used to calculate the production of Wind Onshore, Wind Offshore, Solar PV
and Solar CSP on an hourly basis for each market node. Thesgstiieg are the input

for the maket simulations. This renewal infeed may be restricted by the export
capacities or demand during the market simulation, which leads to dumped energy in
the results. In the case of hydro power plants with natural inflow, hourly inflow data is
used, which Bo depends on the climate year. TWNDP 2024oart of Other RES and
Other nonRES generation, also depends on the climate year.

3.2.9.Hurdle costs

I KdzNRfS O2adG 27F n ®nm202kwhiéhKs the Same adligi the S R
previous TYNDR922,2020 and 2018

Note: A hurdle cost is a cost over the energy flowing through a line (like a small fee) and
could be used to incentive the dispatch of local resources when thermal generators
located in different zones have the same marginal costs. Most importantly, the hurdle
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cost is included as a model parameter to mitigate unrealistic

high flows over long distances and facilitate the convergence of the model.

The hurdle costs need to be very small to avoid a distortive impact on the merit order of
thermal units as well as siem costs (the overall hurdle costs impact in the simulation
should be negligible).

3.3. Network simulation$2.4 in CBA)

3.3.1.Merging of the Grid Models

All loadflow simulations for merging the grid models are performed on models collected
from TSOs for theNT 2030and NT 204Gscenario in ENTSD Common Grid Model
Exchange Specification (CGME&mat, for reference hours selected from a market
simulation output for the given scenario. These national models are merged to larger
regional models, which are ed in the TYNDP network studies. The reference hour is
selected with the aim of minimising the exchanges in Europe, in order to help the
convergence of the merged models. These merged models can then be used for year
round CBA simulations in which geneaatiand loads are redistributed for every point

in time based on the market simulation results.

The collected grid models have to match the PEMMDBBnBtalled capacities for every
TSO, and contain a mapping of each grid node to the corresponding maokiet
Merged models for the different synchronous areas are built by TSOs for their own
simulation tools that participate in the CBA calculations in the TYNDP Study Team. The
load-flow results are then compared, and necessary fixes are done in each tcaden

of discrepancies before starting the simulations. The following tools are used:

Tool Merged Model Link to description
Convergence Continental Europe link
Integral Continental Europe link
Powsybl Continental Europe link
PSS/E Continental Europe, Baltics, Nordics link
PowerFactory  Continental Europe, Great Britain link
GridCal Continental Europe link

2 https://www.entsoe.eu/digital/cim/cim-for-grid-models-exchange/
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https://www.rte-international.com/digital-solutions/?lang=en
https://www.rte-international.com/digital-solutions/?lang=en
https://www.fgh-ma.de/de/portfolio-produkte/software/netzberechnung-mit-integral
https://www.fgh-ma.de/de/portfolio-produkte/software/netzberechnung-mit-integral
https://www.powsybl.org/
https://www.fgh-ma.de/de/portfolio-produkte/software/netzberechnung-mit-integral
https://new.siemens.com/global/en/products/energy/energy-automation-and-smart-grid/pss-software/pss-e.html
https://new.siemens.com/global/en/products/energy/energy-automation-and-smart-grid/pss-software/pss-e.html
https://www.digsilent.de/en/powerfactory.html
https://www.digsilent.de/en/powerfactory.html
https://www.advancedgridinsights.com/gridcal
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Convergence is a network simulation tool developed and used

by RTEPowsybis an opersource tool used also by RTiitegral is used by the German

TSOs and APG. The rest of the tools are commercially available and used by several TSOs.
GridCal is an open source tool used in Spanish TB®.usage of these tools was
determined bythe available resources from the TSOs for participation in the calculations

in the framework of the TYNDP Study Team.

3.3.2.Mapping the market simulation results to the network models

The market and network models applied in the TYNDP have a different gebspat
granularity. The market models cover in general bidding zones (market nodes), but their
outcome feeds into grid models which have a more detailed level and cover all individual
nodes.

The network models collected by ENTB©ontain all the informatio required to map

the market simulation results, namely the identification of all grid parts corresponding
to a market node, and the association of each generator to the relevant PEMMDB
category. The market simulation results per hour are mapped in thewoig manner:

A Mapping of generation for each modelled market nod&he market simulation
results contain the total generation for each PEMMDB category Gombine
Cycle Gas Turbine [CCGT] Present 1, Lignite Old 1, Wind Onshore etc., see section
3.2) per market node. Hence, it is not possible to directly allocate the generation
pattern to each single generator whereas the network model needs this
information on a generator level/resolution. The PEMMDB categories are
therefore mapped to all generators of the given category corresponding to the
given market node in proportion to their maximum active power. In the case of
pumping/charging, the negative geneiat is mapped to all such units within the
given category in proportion to their (negative) minimum active power. Dump
energy is reported for all renewable types as one value in the market outputs,
therefore the order to subtract it from the generation frosuch types had to be
defined for network simulations. The sequence is the following: wind onshore,
wind offshore, solar PV, solar thermather RES, increase load

A Exchanges with nomodelled countries The exchanges with nemodelled
countries are maped directly to the appropriate boundary nodes as injections.
Whether these connections are Alternating Current (AC) or High Voltage Direct
Current Connections (HVDCs), the mapping to each boundary node per border is
done in proportion of the capacity obeh line.

A HVDC setpointsin the case of HVDCs within a country (market naateih the
case of borders that consist of both AC lines and HVIDEr are different
options for the modelling of HVDGs the TYNDP grid models is either using
AC emulation (defined as a K [MW/°] factor provided by the T8@gfininga
formulato calculate the HVDC setpoints in function of the exchange value from
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the market simulationlIf a border consists of HVDC(s)
only, the exchange is rpped directly (in proportion of the capacities of the
HVDCs, if there is more than one).

A BalancesAs the demand for each market node in the market simulation contains
losses, the demand values cannot be mapped to the loads in the grid model
directly. Ingead, the balance of each market node is set after fixing the
generation and the directly mapped exchanges by scaling the loads. In this
manner, the total load plus the losses remains equal to the demand value from
the market simulation. Loads representdry the NonConformLoadclass in
CGMES are to be kept at their initial value throughout the year, without taking
part in the scaling. All other loads that are represented by ConformLoad or
EnergyConsumer classes are to be scaled.

A Usage of representative d¢nt-in-Time (PiT) Although yearound simulations
are to be seen as the standard, it is also allowed to use representative PiT instead
in order toreducing the complexity of the simulations. However, when PiT are
used a detailed proof of the representativeness of the RéE to be given
together with the respective modelling results

The merged base case models (base case relates here to acspefgfence PiT) are
available in each simulation tool with an AC ldkxlv solution. However, due to the
computational limitations of some of the tools, or other issues caused by unreliable
forecasted data for reactive loads or the lack of harmonisedageltcontrol strategies,

DC loadflow approximation may also be uskfr the following steps, i.e. losses and
NTC calculations.

The loadflow simulations are all based on market simulation outputs, which are
produced in an Excel file with a standardistadicture and content.

3.3.3.Improving DC calculations using results from AC calculations

Some methods can be utilised to improve the accuracy of DCfloadresults, which
were investigated and commonly agreed for TYNDP 2020. The applied methods are the
following:

% In the CGMES standard, the NonConformLoad class is used to represent loads that do not show a
daily pattern, whereas ConformLoad is used to represent normally scaling loads. EnergyConsumer is
a generic class to represent loads; in the TYNDP simulations, it is treated in the same manner as
ConformLoads.

4 As an AC load-flow for large power systems requires typically more iterations to converge towards a
solution and higher computation times for calculating Jacobians in each iteration, an AC load-flow
exhibits computational limitations. Moreover, the AC load-flow applied to large power systems could
lead to convergence issues. A DC load flow approximation is convergent by definition and brings the
complexity to a manageable level at a reasonable deviation in accuracy.
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A Usage of voltages based on AC Ifiadv result in the
formula for losses from DC results instead of base (nominal) voltages for the
voltage levels that can be found commonly in the European grid. The values used
are described in the section fordses calculations.
A ¢CKS FaadzyLliazy 27F 0O2a0. 0 -flovg pedBmedl ByA S R
Integral. The value can be adjusted based on the results.
A Dispersal of losses in the loads is considered as the demand values from the
market simulation already contain assumed losses for each market area.

(@]
(D¢

After detailed load flow tests carried out in TYNDP 2020, it was identified that many
other uncertainties ee making the comparison between AC and DC load flow
approaches very difficult. The comparison between the different network simulation
tools showed that the issues in the modelling, topology, mapping of market outputs and
specifics of the tools have ansential impact on the load flow results and, therefore,

on losses results. The identifying and fixing of these issues are crucial to ensure the
robustness of the comparison of network calculations. The following tasks could be
applied in the CBA process:

A Quality checks of prepared network models have to be done before the CBA
phase to identify the issues in the network models and ensure the good
comparability of load flow results between network simulation tools used for the
losses computations

A Improvement of voltage profiles:

o The target voltage level should be harmonised in the considered areas to
ensure realistic voltage profile compliant with operational rules

o The parameters of voltage control mode have to be defined in the
network model for AC loadlow calculations (target value, min/max

range etc.)

o The DC voltage pattern should be customised using the results of AC load

flow
Considering the recommendations above, the power flow results and thus the results of
losses computations in AC and DC apghes should be well alignet@ihe performed

analysis proved that the DC power flow with customi$eoltage pattern approach is
sufficient for long term studies as well as the AC power flow approach.

3.3.4.Geographical scope of the grid models

As described irbection3.3.1, the market simulation results are mapped to separate
merged grid models representing different synchronous arddee grid models are
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modelled per synchronous areagheContinental Europearea

the Balticareg the Nodic area the Britisharea,and the Ireland and Northern Ireland
area.However, he grid models do not contain the followikropearncountries/areas:
Cyprus (CY00), Corsica (FR15), Iceland (IL00), Malta (MT00) and TurkeyJKreioe)
(UAOQQ), Moldova (MDO00), Gepa (GEOQ), MedTSO countries,

TYNDP 2024 IMPLEMENTATI@MDELINES en tS O@

3.3.5.Sanity check of the different tools

Before starting the loadlow calculations, all simulators for the same synchronous area
must ensure that the AC lodtbw results are adequately clo3dor the base case
merged modelln addition, to ensure that all modelling rules for y@aund calculations
are implemented in the same manner, hourly lemv results for a selected market
simulation output need to be compared, as well as AC and DCflmadesults for
selected hour®f the same market output.

In the event the AC loaflow is used (only for Integral), the loads in each modelled
market area have to be scaled to reach the correct balance from the market output as
the demand values in the market simulations representalotual loads plus the losses

in the given area (meaning that the demand values cannot be used directly). The AC
solution should be obtained by respecting the reactive limits of the generators.

In TYNDP 2024AC loadlow can only be utilised for CBA aaktions by Integral users
(German TSOs and APG). To reach convergence, fictitious reactive compensator
elements have to be added to the grid. The amount and placement of these elements
may depend not only on the market simulation tool from which the oatiguwused but

also on the climate year of the otherwise same market run.

3.3.6.0rganisation of the modelling

The distribution of each project to a given simulator was done based on the available
TSO resources. This was done centrally in the TYNDP Btady, with results being
directly reported to the Study Team, instead of running the simulations based on
regional teams. Whereas the models for smaller synchronous areas outside Continental
Europe (e.g. Nordics) were used by simulators from TSOs frora #ress, the results
were compiled for all synchronous areas centrally for each project.

3.3.7.LoadFlow calculations for the CBphase

All losses calculations are based on yeamd simulations utilising the market
simulation results for all 8736 hours dfe climate years 1995, 2008 and 2009.

5 Tests have been performed to align the results from the models.
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3.3.8.LoadFlow calculations for NTC

calculations

C2Nl npb¢/ OlFtOdzZ FGA2yazr 2yfeée 2yS YIFIN]SG 2dziLid
A detailed description of the transfer capability calculations is given in seton

For the project submission, where project promoters are asked to submit the project
specific ANTC values together with a respective documentation describing the specific
modelling information orthe dNTC calculations will be given in a separate docusien
submitted by the respective modellers of the dNTC calculations

3.4. Redispatch simulatior{2.44 and6.3in CBAY)

3.4.1.Introduction and purpose of redispatch

Assessing projects by just focusing on the impact of transfer capacities across certain
international borders can lead to an underestimation of the project specific benefits
because projects can also show significant positive benefits that cannot be covered by
only increasing the capacities of a certain border, i.e. the reduction of internal
congestims. This effect is strongest but not limited to internal projects that do not
necessarily aim to increase the capacities across specific borders, which makes it difficult
or even impossible to solely assess them by market simulations. To close this gap of
incomplete benefit calculation for internal projects, within th& ZBA guideline the use

of redispatch simulations has been introduced. The main aim of introducing this
methodology was to get the best link to reality, as within some countries redispaich
already become a standard procedure of dealing with internal congestions.

Following its current application in reality, the redispatch simulations must be based on
detailed market and subsequent load flow simulations. As it is not possible for the
moment to calculate the whole toolchain, especially the redispatch simulations itself, on
a common tool and/or on ENTSPOwide level, these Implementation Guidelines need
to focus on a detailed methodology description, its main principles and an alignment of
the most important parameters.

In TYNDP 2024edispatch simulations will not be applied for interconnectors. Guly
internal projects with or without crosborder impact, where the respective project
promoter can prove that the tool and methodology used is compliant with4A4h&€BA
guideline and this implementation guideline, redispatch calculation can be performed
The project promoter has to submit a written acknowledgement in English language to
ENTSEE to prove compliance with the requirements of the CBA guideline.

Note with respect to theguidelines on project level indicators
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Within section 9 Project Level Indicators, only specific indicators are

described, whereas the redispatch methodology is used to achieve the same indicatonge asdypt

market simulations. It is thus not a description of how to assess specific indicators but instead on how the
redispatch methodology can be applied to achieve the respective indicators.

3.4.2.Main objectives of the Implementation Guidelines of the

Redspatch Assessment

As it is not yet possible to perform the redispatch simulations on a centralised level at
ENTSEE within the TYNDP 2024these guidelines aim to provide all the necessary
descriptions and definitions to allow project promoters to perform the redispatch
simulations on their own (presupposing the respective tools are available). These
guidelines should thus provide everythimeeded at hand for the modellers to be able

to produce comparable results. The main goal should be to achieve the highest degree
of comparability between the results achieved by the different tools and simulators.

It is, therefore, of major importancé define themain parametersand align them
between the different tools and modellers. This is crucial as all models need to be based
on a comparable data foundation, but on the other hand it might be the case that a
specific parameter needed for the oneol might not be used in another. To find the
best possible alignment, a detailed comparison between the different tools used for
modelling the redispatch inside the ENFEO'SOs has already been performed in
preparation for the TYNDP 2020. The resulthisfexercise are provided in the following
chapters.

Project promoters aiming for redispatch calculations within tieYNDP 202that have

not participated within the alignment process in TYNDP 2020 have to, in addition,
prove their model compliance ¥ performing the sanity check as described within
section3.4.4. In this case, the project promoter has to submit the results of Sanity
check together with a written acknowledgement in English language to ENESO
prove compliance with this requiremet.

The definition of thegeneral principlef the different tools is also part of the alignment
process and will be presented here. This includes, e.g. the determination of the
sequence of generation units to be used for redispatch.

For this purpse, in chapteB.4.3 an overview of the general process is given. After giving
the minimal requirements on quality in chapt&.4.4 that need to be met, the
participating tools are presented in chapt&#.6 together with a description of the test

case tofind alignment between the tools. As the redispatch methodology is based on
market and network simulations, the needed input data is described in ch&der,
including a description of model specific data per simulation tool. An overview of the
overallCBA assessment framework for the redispatch simulations, such as the number
of climate years, TOOT/PINT (Take out one at a time, put in one at a time) methodology
etc. and the definition of the model perimeter, is given in chap®rk8 and3.4.9. A
detailed overview of the optimisation measures, such as the order of sequence of
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generation units used for redispatch, possible penalty costs, the

objective function etc. is given in chaptn.10, followed by the definition of the critical
branches to be coidered when performing the redispatch simulations in chapter
3.4.11. The final two chapter8,4.12 and3.4.13 give an overview of the results needed
for a full CBA assessment and its monetisation.

Ultimately, in the best case, these Implementationid&lines might be seen as stéy-

step guidelines for assessing projects using redispatch simulations, but at least they shall
act as a source for all the needed information for simulators to perform the redispatch
simulations in a consistent manner.

3.4.3.Oveaview of the simulation process

All redispatch calculations performed by the project promoters need to follow the
principles laid out within th&'™ CBA guideline (sectidh3).

In this section, a short overview of the general simulation process ofpattih
calculations is given. This does not include the detailed specifics that might be
considered as defined by the respective tools. An overview of the used tools is given in
section3.4.6.

Although no interconnectors will be assessed using redispatch calculations WtNIDP
2024, both options as given in thé" CBA guideline (see aligure4) can beapplied
dependent on the crosborder contribution of the respective project:

A Option 1: Calculation of benefits using pure redispatch
A Option 2: Calculation of benefits using a combination of botd&€Cvariation
and redispatch

Project with CB impact

results
(=) [
MS,
AMS
() (@
(avo ]| Benefit=ARD
aro )| Benefit=AMS+ARD
MS: Market simulation with reference NTCs MS: Market simulation with reference network
RD;: Redispatch calculated with reference network RD+: Redispatch calculated with reference network
RD,: Redispatch calculated with the projecttaken out/in (TOOT/PINT) MS,: Market simulation with the project taken out/in (TOOT/PINT)
ARD: Difference between RD; and RD, RD,: Redispatch calculated with the project taken out/in (TOOT/PINT)
AMS: Difference between MS, and MS,
ARD: Difference between RD4 and RD»

Figure4 - Simplified presentation of the two options applied for projects with a focus on internal impact only and those with
internal and cros$order impact respectively.

ENTSEE | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e Page230f 121



TYNDP 2024 IMPLEMENTATI@MDELINES en tS O@

Draft version 11 September 2023

Choice of respective methodology:

The choice of what method to be used is for the project promoter. However, in the end,
within the TYNDP project sheets the chosen method needs to be displayed, together
with ajustification of the respective choice.

In general, projects with no crof®rder contribution will be assessed using Option 1,
whereas those with crossorder impact are assessed using Option 2. However, also for
the latter, project promoters might wis to only use redispatch calculations e.g. to
reduce the complexity of the simulations, or as the focus relies on internal effects only.
It should be noted that in that case, the crdssrder part of the benefits will béost,

and the results can be seers @ lower bound. On the other hand, the application of
Option 2 for projects with no crodsorder impact will deliver the same results as when
using Option 1.

Overview of the simulation process:

Generally, to perform the project assessment usidjspatch simulations, the following
simulation steps must be performéd

1. Market Simulations (see als8.4.7.1):all subsequent simulations must be based
on the centrally performed market simulations by ENTEESOhe respective data
must be obtained bytte TYNDP Study Team.

2. Load Flow Calculations (see al804.7.2):the following load flow simulation
must be based on the grid models as prepared by the TYNDP Study Team.

3. Redispatch Simulationsthe redispatch simulations must be based on the
principles and requirements as defined in these guidelines and executed by the
respective project promoter.

a. all grid models must be based on the models prepared by the TYNDP Study
Team

b. all marke data mustbe in line with the data as used by the TYNDP Study
Team

Note: As for the load flow and redispatch simulations, a fuel type based resolution is not
sufficient, the market simulation from step 1. needs to be broken down on a generator
level ¢ whereby theinfeed of each single generator/power plant is given and not its
aggregation per fuel type. The geographical scope for this disaggregation has to be the
same as defined for the redispatch simulations in this guideline.

& These steps might be performed using a single tool or a combination of different tools, but none
must be neglected.
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3.4.4.Sanity check for minimum modelling

requirements

The project promoter has to perform the simulations for the calculation of the indicators
based on the redispatch method. The TYNDP Study Team does not perform calculations
for projects based on the redispatch method. However, compliance tvéhiedispatch
guideline and a minimum quality of the calculations should be granted.

For this reason, the project promoter is requested to participate in the sanity check by
performing detailed redispatch calculations using a highly simplified netmodel with

a strongly reduced number of artificial market simulation results. The project promoter
submits the results at least together with the final project results to ENESThe
respective experts compare the results of the project promoter regarthiegimplified
model. The submission of the Sanity Check results should occur before the submission
of the final project results to ENTSO This is a recommendation as a recalculation may
not be possible in the given timeframe of the publication procesthe TYNDP. The
approval process of the redispatch results by the project promoter will be
communicated by ENTSPseparately.

For tools that have already performed the sanity check in the TYNDP 2020, there is no
need to resubmit the results from thesanity check to ENTSB.

The following tables give the description of the input data for the sanity check in the RD
Annex (sectior3.4.14):

A Technical parameters
A Market Input Data
A Template for the results

The input data of the sanity check model covers all processes and methods necessary for
the redispatch calculation. However, only minimal resources are required for the project
promoter to generate it.

A Brief description of the model:

The sanity checkodel consists of six nodes (N=North, S=South, W=West & E=East). All
nodes are connected by as¥ystem 380 kV overhead line connection in ring topology.

The phase shifter transformer (PST) NW_NE_1 is located between the nodes NW and
NE. There are two HV@Gnnections (HVDC1, HVDC?2) between node SW and SE. Four
generation units or feeder and three load units are located in the model. Generation
unit N_G is located in node N. Two generation units SW_G1 & SW_G2 and one load SW_L
are located in node SW. Two thanits

SE_L1 & SE_L2 and one generation unit SE_G are located in node SE.Rigeec)so
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llustration of the Sanity Check model.)

SE_L2

Figure5 - lllustration of the Sanity Check model.

The generator SW_G1 is an onshore wind turbine. All other generation units are thermal
power plants of type CCGT new. The HVDC connections and the PST have default
penalty/ marginal costs too, see the FDnex (sectior8.4.14). As the sanity check is a
check of the detailed results for one day, only the order of the redispatch is important.

All further input details can be taken from the guideline itself.

3.4.5. Additional information to be delivered by the project promoter

The project promoter needs to givenaitten statement on:

A The compliance with thé"" CBA Guideline and tieryNDP 2024nplementation
Guidelines for Redispatch calculations.

A If necessary, an explanation of a deviation from the guidelines due to special
national regulatoryconditions. A submission of these regulations to ENES®
the authorisation process (e.g. RES Monetisation; Consideration of the n
criterion ¢ Line Ratings etc.).

A The compliance with th& YNDP 2024put Data
A A description, which proposed options in the guidelines were chosen.
o AC/DC
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o Number of Scenarios and Climate Years

o Multiple TOOT/PINT
o Considered Branches Options (e.g.: 110 kV level)

3.4.6.Participating tools in the Redispatch Assessment

The use of redispah calculations to assess projects is still relatively new and very
resource intensive. An extensive software and hardware environment is necessary for
this but currently not yet available at the ENFEQevel with the purpose of centrally
coordinated comptations. Within the framework of this guideline, we strive to achieve

a high standard by defining the main principles. Therefore, in this chapter we would like
to clarify the generally accepted approach. However, it should be noted that the
implementationof this assessment method can (and most likely will) lead to different
approaches when considering the details, not only because of different national
requirements and regulations but also because of the different tools used by different
promoters.

Generl approach:

To perform the redispatch simulation, a market simulation is the first step. Based on the
output of market simulation with the resulting cost optimal power plant dispatch, a load
flow analysis is performed on the grid model to determine th#isations of network
elements in base case and-Ii case. The line utilisations on-Ih case resulting from

the load flow analysis are evaluated within the redispatch simulation and possible
bottlenecks are identified. The power flows, which exceethé(n-1) case the thermal
limits of respective network element (utilisation over 100%) represent the reason for
redispatch interventions of generating units in order to ensure th&)(security criteria

of the electricity grid. Their effect on the powiow on the lines is determined by linear
sensitivity factorsd "YQ' €Ol ft f SR at 26 SNJ ¢ NI yaFSNI 5440 NROGdz
PTDF matrix does offer such a possibility as it translates nodal injections into individual
line flows by explicitly statinthe contributions of each nodal injection to a given line
flow. Assuming a DC approach, PTDFs can be calculated directly from line parameters.

In the next step, the grid data will be reduced to all relevant grid areas and elements
that have to be condered in the redispatch simulations (see secti8#9and3.4.10).

In addition, the cosbptimal redispatch optimisation will be performed to solve all
respective congestions in the electrical grid.

The final step will be the monetisation of the reda$ph outcomes (see algeigure6).
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TYNDP grid model load flow tool
J ]

Antares
’ MEGES : load flow
Plexos, — simulation ENTSO-E grid simulation
PowrSym,
maobing to Definition of RD optimisation-
PPINg relevant grid Egmd minimizing RD
PTDF
areas for RD costs

Internal
Scripts e.g.: I
R, Python |

post process

monetisation

Figure6 - General overview of the necessary steps to be performed to assess projects byedspatch  calculations.
The step of mapping to PTDF can be neglected in case wheriolwagsimulations are possible within the respective
modelling tool.

3.4.7.Requirements for input data

To perform the redispatch calculation, the set of network anarket data is required.

As the results of the redispatch calculations are very sensitive to the input data used,
the essential requirements for the content of the input data are defined in this chapter.
Compliance with the defined requirements can ensure tonsistency of the redispatch
assessment runs and the comparability of results from different tools and promoters.
Three data categories can be defined dependent on the confidentiality level:

1. Data publicly available
2. Data only available on request (Ditedata size)
3. Data for which an NDA is necessary

Market data

Redispatch simulations must be aligned to the market studies performed on the
scenarios used iMYNDP 2024To meet this requirement, the market model input data
(see3.2.5 and3.2.6) as wh as market model simulation results must be included in the
dataset for the redispatch assessment.
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The main datasets to be used from the market input are (the
colour code denotes the confidentiality category as defined aboB4irr):
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A price assumptions (fuel prices, CO2 price and the marginal costs of thermal
generation types calculated from these)

net generating capacities for all generating types

demand time series

mustrun values of thermal generation typétsme series)

availabiities of thermal unit{time series)

inflow profiles for Rurof-Rivers and pump storages

DSR capacities

crossbhorder capacities (NTC values)

fixed exchanges with nemodelled countries

To o Do o Do o Do I

These data are based on the PEMMDB package per scenario per country and must be
coherent with the input that was used for market simulations.

The market model simulation resultayhich are used as input for the power flow
computations, also must be inaad in the input dataset for the redispatch calculations.
This should include:

A Utilisation (hourly timeseries) of thermal generation types, DSR and hydro
categories

A dumped energy time series

A hourly marginal costs on market nodes

A ENS (energy not sesl) time series

The market simulation results are covered with the standard market modelling output
file provided by the TYNDP Study Team per scenario and climate year.

The methodology for mapping the market results to the grid model depends on the
modeling specific features of the individual grid models. In general, the mapping is
based on the distribution of market hourly tinseries proportional to the installed
capacity of network element with corresponding fuel type code. Given the different
requirements of the network models compared to those of the market simulations,
certain technical restrictions and requirements can, to some extent, differ between both
models (e.g. kax Pnin, €tC.). However, there must be an alignment process between the
parameer used in both models. DSR is subtracted from the demand timeseries. Dumped
Energy and Energy not Served are primarily subtracted from renewable energies and the
demand.

Network data

Grid Model:
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The grid model for the redispatch assessment must be aligned

with the CGMES grid model submitted for network analysis as a paNNDP 20240

that the installed capacities in the grid model are the same with market input data and
the power flow resultsare consistent with other grid studies (e.g. the delta NTC, losses
calculations).
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Any new changes in the grid model after the official grid model collection process must
be aligned with TYNDP Grid modelling guidelines and communicated with Working
GroupData and Models and TYNDP Study Team.

Power flow analysis:

To determine the utilisations of the lines in the grid model in the base case and under
contingencies (M case), the power flow analysis should be performed on the grid
model. The power flowiswulations should be based either on a-@€on ACGload flow
approach. In the event the AC load flow approach cannot be applied by project
promoters due to its complexity and missing comparability between different tools, the
usage of a DC approach ipaled (see also sectio®3.3). The network analysis should

be made on a yeamund basis. If this is not possible, representative points in time can
be analysed following the principles laid down in #f#eCBA Guideline.

Special input data provided byhie TSO as part of the grid model:

Due to special national requirements and regulations, it is possible to deviate from the
original TYNDP line ratings in the grid model and #iepminciple based on them. The
need to consider these exceptions such asddyic Line Rating or curative mitigation
measures must be regulatory required and is provided by the respective national TSO.
Due to the immense influence on the results, this approach must, at least, be described
in material sent to ENTSBfor performinghe compliance check.

3.4.8.Minimum requirements definition for the CBA Assessment

Compared to the TYNDP standard methodology, the assessment of projects with
indicators determined using the Redispatch method is very computationally intensive.
Nevertheless, acomparable minimum standard should be ensured. This chapter,
therefore, addressed the question of the minimum level of detail and number of
simulations required to calculate the indicators. However, the project promoter is free
to carry out a greater numbreof simulations within the framework of the guideline or

to increase the level of detail of the methods. (e.g. more climate years or additional
TYNDP Scenarios). However, this must always strictly follow the assumptions of the
TYNDP and thé" CBA Guid@ie. It is not permissible to change any input data or mix
scenario data. Otherwise, the comparability of the results would no longer be possible.

Minimum number of TYNDP Scenarios and Time Horizons:
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As a minimum requirement, the central policy scenario
National Trendsnust be used for project evaluatioh.

Minimum number of Climate Years:

The minimum requirement for project assessment is to use the most representative
climate year of the three climate years represents the three climate groups (1995, 2008
& 2009). In the case afYNDP 2024he climate yea009is the most representative
climate year.

Minimum number of different Market tool results:

The minimum requirement is to use the results as input for the redispatch assessment
of at leastone market tool that participated in the TYNDPZ20ZBA process. It is
recommended that the samseet of market tool input be always used for all projects
within a bidding zone. This should increase the comparability of CBA redispatch results.

Minimum number of Poinsin Time:

It is recommended to calculate a complete year in hourly time stelpsvever, in line
with the general network simulations (see secti®®) it is also allowed tonake use of
representativepoints in time

General:

A multiple TOOT/PIN@pproach is permitted under thd™ CBA Guideline and is not
restricted by these guidelines. When the multiple TOOT/PINT method or a combination
of both is applied, a detailed description of the sequence of projects must be given in a
disclaimer. To enser comparability, the project assessment approach regarding
multiple TOOT/PINT should correspond to the approach chosen in the CBA.

These specifications apply to all project types (overhead line, HVDC, storages...). The
description of the selection of input data must be communicated in the project sheet in
a disclaimer.

3.4.9.Definition of the perimeter

The minimum perimeter considered the calculation has to be chosen to cover all
NBtSOFyd IANARR FNBlFa AyTFfdzsSYyOSR o6& GKS LINR2SC
contribution is considered as mainly internal or also contains a major-o@sker part.

Internal projects (without significant CB impact)

"It has to be noted that for projects applying for the PCI status it is not up to ERTt8@efine on which
scenarios and/or climate years the simulations have to be carried out. This will be decided by the EC within the
PCI process. It is therefore recoranded to perform the simulations on all available TYNDP 2024 scenarios and
horizons, in line with the centrally performed project assessment.
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The minimum perimeter for internal projects without

significant crosdorder impact to be monitored during the redispatch calculations is
typically the country that includes the project. However, as theogean grid is
generally highly meshed, it is recommended to include at least the neighbouring
countries. In any case, the border flows to the roodelled countries should be
mapped from a full grid model covering the entire synchronous area that thetopaf

the project is part of.

Internal projects (with significant CB impact)

The minimum perimeter for internal projects (with significant CB impact) to be
monitored during the redispatch calculations is typically the two or more countries
affected bythe project on their common border, but the considerations described for
internal projects are also valid in this case: it is recommended to also include at least the
neighbours of the countries hosting the project.

Typically, the grid model used for tloalculations should be the same full European
merged grid model used for other calculations in the CBA process. If the full model
cannot be utilised in the tool used for redispatch, the smaller perimeters defined above
can be used, but the effects of tha@uded network parts must be demonstrated (e.g.

by showing that all LODF factors in the excluded part to the critical branches are below
a certain limit, e.g. 3%).

3.4.10. Order of optimisation measureg Penalty costs

The order or selection of the measurekésm by the tool to resolve the bottlenecks on
the critical elements depends essentially on two factors:

A Effectiveness of the measure
A The cost of the measure

To define the effectiveness of different measures on the bottleneck in the electrical grid,
the PSDF/PTDF sensitivity factors are calculated using a DC load flow assumption. These
factors describe the change of utilisation of each line or transformer by adjustment of
initial setpoint of controllable units in the electrical grid (powerplants, stemd®STs,
HVDCs etc.).

The costs of the individual measures are insufficiently defined by the scenario and
market data. On the one hand, the marginal costs, such as renewable energy is per
definition 0; on the other hand, there are measures for grid oation that cannot be
captured by the market. Furthermore, there is the possibility that regulatory restrictions
may specify a certain sequence of redispatch measures. For reasons of security of
supply, certain measures are also kept in reserve so theyt tan be made available in

the event of an emergency. All these additional artificial costs are described here as
"Penalty Costs".
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The corresponding costs of redispatch consist of the costs for

up/down regulation of all unit&involved in the redispatt across all time step¥ The
objective function of the underlying optimisation problem is shown below:

o o~

I EX 0 Y W

The above formula only applies to the time coupled approach. Without time coupling,
the minimum costs for each hour are defined as a target func#anthe time coupled
approachquickly becomes very complex with increasing number of time steps within
one closed optimisation problem, without dramatically increasing the accuracy, the
approach without time couplingan also be applied without losing the significance of
the results

Basically, the costs(k,t) picture the coefficients in the objective functioof the
optimisation problem and depends on the technology/ fuel type of each measure. They
determine how and in which sequence the conventional power plants, renewable
energy, storage, foreign generation units and power flow controllable devices (PST,
HWDC etc.) can be used to cure line bottlenecks. If the costs of the individual units (ex.
conventional power plants) are defined by market data, they have to be used as costs
coefficient of these units in the optimisation for the redispatch calculation.

Due to this methodically necessary intervention, the sequence of the measures and thus
the reduced redispatch quantity (e.g. GWh or-@ns) corresponds to the operational
experience of the TSOs, but the Penalty Costs of these measures cannot be used for the
project assessment. For this reason, poginetisation must be implemented (see also
chapter3.4.13).

Furthermore, it must be ensad that in the case of a positive redispatch (power
increase), the cheapest measure is always taken first, and in the case of a negative
redispatch (power decrease), the most expensive measure is always taken first. This can
already be determined by theol itself or also by suitable penalty costs.

In principle, the following sequence must be ensucattiven by the two types of costs:

GKS aNBlIf¢ Oz2adasx faz2z NBFSNNBR (2 Fa 3ISYySNI
conventional power plants; ahthe Penalty Costs that can be interpreted as the model

parameter to ensure the desired order of sequence within the redispatch. No ceuntry

specific differences to this approach have yet been identified. If these are identified, they

must be considered ahreported accordingly.

1. network-side measures
a. topological actions
b. power flow controllable devices (PST, HVDC, FACTS)

2. weatherdependent line operation curative actions (generating units decrease)
included in the ratings (see above)
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3. Thermal Power plast based on the dispatch costs of
each generator
4. Storages (Hydro, Batteries, P2G)
5. RES
6. Cross Border Power plants and Cross Border HVDCs (depending on the
perimeter)
7. Very Last Step: (2 Possibilities with very high penalty cost)
1. Load Shedding (ENS)
2. Remaining Overloading (Branch Slack)
All redispatch measures need to ensure that the total balance is kept before and after
the respective measurd&.husfor each measure impacting the generation of the system
a respective measure eés to be applied as a counterpatrt.

TYNDP 2024 IMPLEMENTATI@MDELINES en tS O@

3.4.11. Considered branches

The planning and operation of electrical transmission networks considers thallsol
(n-1)-criteria. The (Al)-criteria ensures that the operating limits of the lines in the
system are not viol&d even in case of single failures of circuits and transformer
(busbars overloadings not considered). Using the market related measures, such as
redispatch, TSOs adjust the fegdof power plants in order to shift the power flow from

the overloaded branoks and therefore ensure the {b) security of the system. Hence,

the monitoring and identification of relevant branch overloadings has a huge impact on
the redispatch results.

Using the AC or DC load flow approach, a set of single outages is simulatedgrid

model and the power flow of other branches in the system in each considergddase

is calculated. A branch is said to be overloaded when the actual power flow post
contingency exceeds the operational line limit that depends on the protectibayr
settings and weather conditions. Some TSOs investigate not only single failures but also
OSNIiFAYy FI Af dzNB-H évétagesionekcaptichal cominggdndi&® a6y

Generally, the (+L)-utilisation of all branches in the grid should be consaiem the
redispatch analysis but, in the context of network development studies, some
assumptions are made. The exclusion of certain elements from the optimisation
problem helps to avoid an overestimation of redispatch values and obtain more robust
and realistic results. Moreover, it can simplify an optimisation problem and reduce the
calculation time. Thus, a reasonable and consistent approach to the monitoring of
relevant elements is necessary.

Like the generating units, the considered branches musebeced to the relevant grid
area influenced by the project (see chap®d.9). This means that only the branches
within the defined perimeter as well as the corresponding interconnectors must be
considered in the (11)-calculation and redispatch simulati. As the focus of the TYNDP

is on the analyses of the transmission network, the monitored branches can be filtered
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per se based on the voltage level (e.g. only-ZZ8D-kV). It is

generally assumed that failures and overloading of transformers are msidered in

the redispatch analysis, but the decision of whether transformers should be considered
is optional and up to project promoters.

Due to necessary simplifications in the model and the network reductions made,
artificial overloads and thus artifially high redispatch needs can occur. If such cases are
identified, the affected branches should be removed from the observation. Whereas the
outages of HVDC lines have a big impact and can seriously increase the utilisation of the
AC network, it is ne@sary to include them into analysis.

3.4.12. Definition of the results for CBA from the Redispatch

Assessment

In general, the indicators assessed using the redispatch methodology are the same as
when using market simulations as both simulation methods delivergbwer plant
dispatch, which is the driver for most of the CBA indicators. Below is a list with all CBA
indicators as defined in th&™ CBA Guideline that can be achieved by using the
redispatch methodology applying the (multiple) TOOT/PINT approachoijadr
indicators are not foreseen as being calculated using redispatch):

A B1-SEWrtcan be achieved by the generation cost approach the same way as for
market simulations (including crog®rder costs and statip and slhit-down
cost9g

A B2 - Societal costsof CQ: can be achieved the same way as for market
simulations as post process

A B3-RES integrationcan be achieved the same way as for market simulations by
the change in needed reduction in RES generation due to redispatch

A B4 - Nondirect greenhouse emissionsan be achieved the same way as for
market simulations as post process

A B5c¢ Lossescan be calculated the same way as for market simulations using the
dispatch taken from the redispatch calculations as input for the losses
calculations

A B9c Reduction ofRedispatch Reservethe only way to calculate this indicator
is by nature the use of redispatch simulations

The presentation of the results within the project sheets needs to follow the definitions
and requirements as defined within the ImplementatiGuidelines in the same way as
when using market simulations.
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3.4.13. Monetisation and quantification

of the redispatch results

In principle, the monetisation of the redispatch results can be carried out directly by the
simulation tool using the generation cogpproach as also applied within the market
simulations, as each redispatch of conventional power plants is accompanied by a
change in fuel consumption which will naturally impact the system costs. This difference
in costs then delivers the benefits (whichight also be negative) of the assessed
projects.

If this automated monetisation is not available by the respective tool, the final step of

the redispatch assessment will be the monetisation of the simulation results. This step
is a post process calctilan. The redispatch results are added to the standard CBA

results (in line with thet™ CBA Guideline).

First, a clarification is needed for the energy amount differences per type of power plant
between the calculations with/ without the project. For datype of power plant:

For TOOTYQ¢ Qi "Qb¢ Qi "Qw Q¢ Q1 QW

For PINTYQ¢ Qi "¢ Qi "Qw 0E QI Qw

B1l: SEW Social Economic Welfare

SEW is defined as the yearly enedifferenceamount per power plant type (without
RES) times the power plant specific marginal costs (LINK: Price proposal_TYNDP2020).

3 %7 OF U0 Qi d@B- WET W@ "FAEEGD &G dOMWh]
0GR 0
The marginal costs of RES are zero.
SEW_RES
Same application as described in secttohof these Implementation Guidelines.
SEW_CO2
Same application as described in sectiohof these Implementation Guidelines.

B2: Societal costs of CO2
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In the event the specific tool does not directly deliver the;CO

emissions, to calculate the yeafB emissions, the energy of the emitting power plant
times the specific emissions per engrgee REAnnex 2) is used.
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yCG OFUO Qt QuBR®WY 7 ET UQQA4EZQI #./QEMMWh]

0 %nQ
A monetisation is done with th€Q prices as described in sectiét®.

B3: RES integration

Same application as described in sectto®of these Implementation Guidelines.

B4: Nondirect greenhouse emissions

Same application as described in sectmd of these Implementation
GuidelinesB5: Losses

This indicator will be calculated witthe same procedure described in the CBA
Guideline

B9¢ Reduction of Redispatch Reserves:

Same application as described in secttgdof these Implementation Guidelines.
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3.4.14.

RDAnNnex 1: Data for the quality

Table of technical parameters

entso®@

check for minimum modelling requirements

Feeder Load
Unit name Unit N_G SW_G1 SW_G2 SE_G SW_L SE_L1 SE_L2
U kv 380 380 380 380 380 380 380
Q MVar 7.48158 | 2.35231 | 2.35231 | 6.45498 4.8 4.8 4.8
Lines
Unitname | Unit | LSW NW | LSW S | L S SE L NE.SE L _NW_N L_NE_N
Un kv 380 380 380 380 380 380
R1 Ohm 0.01 0.01 0.01 0.01 0.01 0.01
X1 Ohm 1 1 1 1 1 1
Ir A 600 500 500 600 600 600
HVDC
Unit name Unit HVDC1 HVDC2
Ur kv 400 400
Pr MW 500 500
rdc K 1 1
voltageanglecontrol:
headend station (SE)
AGangle control MW/degree -1260 -1260
ACvoltage control OFF OFF
DCvoltage control ON ON
Ude kv 400 400
headend station (SO)
ACangle control MW/degree 0 0
AGvoltage control ON ON
Usetpoint kv 380 380
DGvoltage control OFF OFF
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Phaseshifting transformer

entso®@

Unit name Unit | PST_NE_NE_1
Url (NO) kV 380
Ur2 (NE) kv 380
Sr MVar 263.272
ukr % 0.18233
Pk kw 4.80001
Poc kw 100
io % 0.1
vector group DD4
tap changer
max. 11
main 6
min. 1
additional voltage
max. position % 0.17453
min. position % -0.17453
angle ° 90
Table of Market Input
Feeder Load
PIT N_G SW_G1 SW_G2 SE_ G SW_L SE_ L1 SE L2
P [MW] P [MW] P [MW] P [MW] P [MW] P [MW] P [MW]
1 0 -960 0 0 0 0 960
2 0 -800 -100 0 450 0 450
3 0 -600 -200 0 400 0 400
4 -600 0 0 -600 1200 0 0
5 0 -600 -600 0 600 0 600
6 -600 -2000 -2000 0 0 2000 2600
7 0 -800 -800 0 800 0 800
8 0 -2000 -2000 -600 0 2000 2600
9 -600 -1000 -1000 -600 1000 1200 1000
10 0 -900 -900 0 900 0 900
11 0 -1000 -1000 0 1000 0 1000
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12 0 -1100 -1100 0 1100 0 1100
13 -600 0 0 0 0 600 0
14 -600 -2000 -2000 -600 0 2600 2600
15 -600 -2000 -2000 0 0 2000 2600
16 -600 0 -1000 -600 1100 0 1100
17 0 -1200 -1200 0 1200 0 1200
18 0 -2000 -2000 0 0 2000 2000
19 0 -1400 -1400 0 1400 0 1400
20 0 -1300 -1300 0 1300 0 1300
21 0 -1100 -1100 0 1100 0 1100
22 0 -900 -900 0 900 0 900
23 0 -700 -700 0 700 0 700
24 0 -500 -500 0 500 0 500
Template of Table of Results
Phaseshifting transformer
Feeder HVDC

T NG |SWG1|SW G2 | SE G |PST NW NE_ 1 |PST_NW_NE_ 1| HVDC1 | HVDC2

dP dP dP dP dP

[MW] [MW] [MW] dStepsf[] [MW] [MW]
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
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18

19

20

21

22

23

24

3.5. Reference gri@2.5 in CBA)

Based on the guidance given within tA8 CBA Guidelines, for thEYNDP 202#vo
different reference grids are defined for the corresponding two horizons 2030 and 2040.
The reference grid for the 2030 horizon, which corregimto the midterm horizon, is
based on criteria a) and b) as defined within #feCBA Guideline. This means that only
projects which, at their time of submission to the TYNDP, are in the construction phase
or those which have successfully completed #émvironmental impact assessment can

be part of the 2030 reference grid. The reference grid for the #&mgn horizon (2040)

on top of that includes projects fulfilling the criteria listed under c¢) within 4%eCBA
Guideline.

In addition to the above gen maturity criteria, a cudff for the commissioning years

has been set. This choice deals with the uncertainties in the planning and construction,
ensuring that only projects with a strong chance of being commissioned at the dates of
the respective sceaarios are part of the reference grid. The @ff has been set to 31
December 260 for the midterm horizon (2030) and 31 December 2035 for the fong
term horizon (2040), excluding all projects with planned commissioning dates later than
these cutoffs. Thecommissioning years submitted by the project promoter need to be
agreed between the respective NRA and TSOs where the project submitted to the
reference grid is located.

Given that the UK must be treated as third country and not all projects connedikhe
with an EU Member State, the respective projects need to be part of the national plan
of the Member State connecting with the UK in order to meet the criterion for becoming
part of the reference grid. In that case, although the other maturity critenna
commissioning dates might fulfil the requirement as set out within #i& CBA
Guidelines those projects cannot become part of the reference grid. However, to deliver
a realistic reference grid for the CBA assessment, fictive projects have been gedbdu

to mimic the possible impact of future interconnectors to the UK. The specific treatment
of the impacted projects can be seen in the very end of annex II.

A list of projects which are part of the respective reference grids is given in annex Il.
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3.6. Assesment of the commissioning
dates(2.5 in CBA 4)

The4™ CBA Guideline addresses the need to assess the commissioning years. The result
from this assessment will be shown as additional information within the project specific
project sheet. The respective commissioning years will not be changed as the submission
of the commissioning lies within the responsibility of the project promoters.

TYNDP 2024 IMPLEMENTATI@MDELINES en tS O@

The methodology for the assessment of commissioning dates has¢et the following
principles:

1 The garting point for the definition of the commissioning date has to be the
31.122024.
1 Theperiod oftime t for the duration until a project submitted to th€YNDP 2024ill
be commissioned can be calculated as:
0O 0 O JQIQIQIQ

Where:
0 txequals
A teonsideraionwhichis the assumed mean standard time of all projects to
enteringand completinghe planning andoermission period
A tpreperm Which is the assumed mean standard time of all projects to
enteringand completinghe permission period
A tpermWhichis the assumed namn standard time foprojects already in
the permitting phase to completintpe permitting process
0 tconstis the assumed mean standard time for the construction phase
o fiis a standard factor indicating the complexity of the project with respect to
its tecmology (AC or DC)
o f2is a standard factor indicating the complexity of the project with respect to
its setup whether it is an overhead line, cable, substation etc.
o fsis a standard factor indicating the complexity of the project with respect to
whether it is an onor offshote project
o fsis a standard factor indicating the complexity of the project with respect to
whether it is a completely new project or an update
fs is a standard factor indicating the complexity of the project with respect to
environmental and social impacts of the project (see sectmd§ 5.14 and
5.15in CBA 4Guideling

Disclaimer:All values used for the assessment of commissioning years are based on expert
knowledge and might be changed in later editions of the TYNDP. It is therefore not foreseen
to use this methodology to actually approve or disapprove any commissioning years. The
outcome from this assessment will however be used as starting point for discussions where
project promoters, in case of a mismatch between submitted and assessed commissioning
years, will have to explain their submission.
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Thestandardduration timesbaseal on the project statusy to
be used for the assessment of commissioning yasedefinedas follows:
T tconsideration 8 years
T toreperm: 5 years
T tperm: 2 years

The standard duration times for the construction period is expected to be strongly dependent
on the length of the project. In order mimplify the assessment of commissioning years, the
categories based on the length are defined. For each category distimation times are
assumed:

1 Short(0-200 km) 2 year
1 Mid (200500 km) 3 years
1 Long(above 500 km)4 years

The result of the assessment of commissioning date can then be calculated by adding the
duration timet to the year of the respective study.

Thedistinct values fothe factors can be found ilAnnexGeneralassumptions

Example

Assuming dictive sample projects with the following data submitted by the project
promoter:

Input planned, but 250 DC Cable offshore upgrade
not yet km
permitting
Times t=5years mid: fi=1.1 fo=1.2 fa = f4=0.5
and 0.9
factors t =3
years

The expected commissioning year following the formula above in this case would
calculate as:

O CMCTUL 0 PPPEIWIW ¢TI Y

The commissioning year in this example would thereforedleulated as the year 28.
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4.General concepts and
assumptions

In this chaptera few important considerations for the clustering of investments are first
defined.More details are provided in section 3.2.1 of tH& @BA Guideline on the different

rules regarding this. Then, in sectidr2, more guidelines are provided of the methodology

G2 02YLWziS GKS pbd¢/ DordedimphinR SagOnithiathedéfigdtion/ol O NP 3
the input data requiredand the optiors for the computation and it ends up with the guidance

2y K2g (G2 NBLR2NI GKS pbe¢/ aod

4.1. Clusteringpf investmentg3.2.1 in CBA)

Following the4™™ CBA guideline, only investments that strongly rely on each other may
be clustered. A limiting criterion is thelustered investments can at most be one project
status level apart from each other. A justification is required whereby the full potential
of the main investment can only be achieved after realisation of the supporting
investment(s).

Reclustering for pojects from the former TYNDP:

In general, it is of course permissible to use the same projects from the former TYNDP.

However, special attention must be given to investments with commissioning dates that
are significantly delayed compared to the prexsol YNDP.

¢CKS AYOGSNIINBGFGAZ2Y 2F GaaAIyAFAOIYyG RStFeé |y
to cluster the investments may be case specific but must nevertheless be directly linked

to the required justification, as for any clustering. In thespect, it might be the case

that the clustering of one project is allowed whereas for the other one, e.g. where the

investment with the earlier commissioning date is strictly necessary for the realisation

of the second one (related to the dates as givanthe previous TYNDP), it is not,

although the respective investments of both projects have the same commissioning

dates.

In any case, when the project status also changes due to a delay, the rules as described
above must be applied.

4.2. Transfer capability calculati¢Bd.2.3 in CBA)

The Transfer Capability concept at a system boundary is defined by two related concepts,

a Net Transfer Capacity (NTC) and a Grid Transfer Capacity (GTC), and their variation

enabled by a project, respectite® npb¢/ YR pD¢/ ®@ ¢KS be¢/ 02y O0S
simulations, whereas the GTC refers to physical flows in grid studies. Both are assessed

by network studies which take input from market studies.

In a CBA assessment for a project with a clssler impact (whether the project itself
iscrosD 2 NRSNJ 2NJ AYUSNYyFfo0ozX GKS npnb¢/ Ydzad 0SS NBL
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crosso 2 NRSNJ AYLI OG pD¢/ OITYNDPS NBLRZ2NISRT K28SO¢
2024, such projects are to be assessed by redispatch simulations, whicbtdequire

the knowledge of the GTC impact of the project.

Any transfer capability calculations performed by project promoters and compliance
checks by ENTS®have to be based on the methodology defined in this section.

4.2.1.Net transfer capacity

The (NTC is defined as the maximum admissible generation power shift (as defined in
the CBA methodology) across the boundary between two market areas while respecting
the capacity and security criteria (e.g-INof the physical assets.

To get the delta NTC ingaven hour and direction, two different calculations must be
made (one with the project included and one without the project):

Y0 Y& O Ydm 0 TYém oo
The NTC values must be calculated using a generation or load power shift:

A Getting the line loadings from load flow calculations undet $kcurity criteria
A Achieving the 100%ituation (N1 secure) by using the generation or load power
shift (see below)

This must be done in a manner that is representative for each-sitap (in general 8736
hours equivalent to one year, or representative points in time).

N U - RN

¢KS NBLER2NISR kKbe¢e/MLBND&F (i 51§82 F8 GKS 2FI N NP dz
curve oftheprdp O @ ¢ KA A YSIkya 0KFIG GKS NBLEZ2NISR kbe¢
of the time steps in the simulated period.

Input data required for the calculations

ForTYNDP 2024 GKS &kb¢/ OFfOdzZ FGA2ya 2F it LINRB2SC
simulation resits for the NT2030 scenario from one market tool and one climate year.

The selection of the climate year will be based on the highest representativeness of the

three used iINTYNDP 2024rhe mapping of market simulation results on the grid model

to obtain the starting point for transfer capacity calculation is done as described in

Chapter3.3.

The NTC is derived as follows:
"Y'Y6 6 6 'O YO

0 "YO "YYO YYD
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where:

A TTCTotal TransferCapacity,

A NTCNet TransferCapacity,

A BCEBaseCaseExchange (which is the initial exchange between the two market
areas before applying any additional power shift),

A kEBnax the maximum additional power shift respecting thelNriterion,

A TRM:TransferReliability Margin.

The BCE values are known from the market simulation results. However, they can be

volatile due to the optimisation algorithms used in the market simulators. In the case of

I/ LINRP2SOGaz (2 | @2 AR wilbdocdldulaedkusSing the arketl f dzSa =
simulation output for the reference case only, meaning that the TOOT/PINT will only be

applied in the grid model. This means that the BCE value is the same with and without

the project; therefore, it is eliminated fromhe calculation. As the TRM values may not

be known for the reference NTCs, and the changes in TRM resulting from projects are

y2i 1y26y SAGKSNE G(KS kbe¢/ & 6Aff 06S | LILINRBEAY
the change of the maximum possible powehsh (h). k 9

The selection ofritical branchesandcritical outages (CB/CQObr each examined border

is done by filtering based on their sensitivity (PTDF values) to the given exchange. The
default threshold for PTDF is 5% (in the event there is an aggaeestablished by NRA
within a country, a different threshold could be used). This filtering may not be
sufficiently accurate for all borders and projects: in such cases, manual addition or
removal of network elements from the CB/CO lists needs to bewdted on with the
relevant TSOs.

In terms of line ratings, the grid model must include both winter and summer values, at
least for the critical branches, to consider the seasonality for the different points in time.

Power shift

The power shift to be ggied may be done by changing the generation or the load in the
examined market areas. Although the default method is generation power shift, in
certain cases load shift is easier to use to get meaningful results (e.g. if there is
insufficient dispatchablgeneration in the examined areas).

In the event generation power shift is used, it can be distributed among the generators
in the following ways:

A in proportion to their maximum active power,
A in proportion to their available power margin (maximum actpaver-actual
active power)

A in proportion to their actual active power

A based on the generation costs.
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Given that different modelling tools are used, it is not possible

to be restricted to one single methodology for the generation power shift. Within the
TYNDP process, the different models are therefore harmonised such that comparable
results can be expected.
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In each case, the technical limits of the generators must be respected. The chosen
method may be dependent on the project and/or border.

In the event load power shift is used, the active power of each load is shifted in
proportion of their initial value in each hour. Only loads of ConformLoad or
EnergyConsumer classes (see sec3i@) are to be shifted.

The power shift method used for dagroject and border will be reported within a
specific document to be published within tieyNDP 202dackage later in the process.

Other considerations

In the event the examined border includes PSTs, their phase shifts must be optimised in
each hour before applying the power shift steps, in order to avoidaatimal outcomes
because of possible-lN problems.

Selection of the reported values

2 K Sy (T &aluksbare obtained for all hours, a duration curve is constructed. A
separate duration curve is made for each border (in case the project has an NTC impact
on more than one border) and both directions. Separate curves are made for each
direction.

Thevalue to be reported from each duration curve is thé"fircentile (meaning that
this value is reached at least 30% of the year). This is illustrated in the following diagram.
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Reported ANTC
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supported for 30% of the year due to the project

Note that in exceptional cases, a project can decrease the NTC, at least in a small number

NE LigeNtdiifedeRce jn batiidar@Zeixdhaduf inla &pecific direction that can be

of hours. This does not signify any problewigh the calculation but it is inherent to
meshed systems. At yeaound view when selecting the "Opercentile value, any
investment deemed necessary should of course not have a negative value.

In the event representative points in time are used foe thalculation (instead of

calculating for every hour of the year), the representativeness of each hour has to be

weighted when plotting the approximate duration curve.

Summary: steps of the calculation

Based on the detailed descriptions above, the mainSsLJa
summarised here.

27

GdKS

kbc¢/

A definition of the CB/CO lists: either by PTiMéring, based on expert

judgement, or the combination of both
o Tool: loadflow tool for PTD#iltering
o Input: merged grid model
o Output: list of relevant branches

A initial loadflow calculations: using a mket simulation output for the reference
case, running yearound loadflow calculations (or for representative points in

time)
o Tool: loadflow tool

o Input: results from market simulations, grid model

o Output: initial flows before any power shift

Ol
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A PST opmisation: depending on the assessed border(s),
optimisation PSTs for each hour
o Tool: loadflow tool
o Input: initial flow, PST parameter, grid model
o Output: PST angles, new lofldws
A calculation of the maximum power shift (in for each hour (or relevant PiT):
for all assessed borders independently, in both directions, with and without the
project in the grid model
o Tool: loadflow-tool or specific script
o Input: initial flows (including PST optimisation), grid model
o Output: maximum power shift in both directions, per hour, with
and without the project
A calculation of the difference of the maximum power shifts for each hour (or
relevant PiT)
o Tool: postprocessing script
o Input: maximum power shifts
o hdziLlJziY kb¢/ LISNI K2dzNJ 06 SAIKGSR AF tAc¢
A O02yaiaNHzOlAz2zy 2F (GKS RdzNI A2y OdzZNBBS&a F2NJ K
o Tool: postprocessing script
o LyLlziY kb¢/ adSided, heviziyiis ofitiie Pill arg
required
o Output: duration curve
A obtaining the value at the 7Opercentile from each duration curve.
o Tool: post process

o Input: duration curve
o hdziLJdziY kb¢/ G2 0SS NBLRZNISR
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5.Benefit indicators Bl ¢ B9)

This sectin delivers additional information in order to complement t#& CBA
Guideline with insigtginto the benefisassessment within the TYNDP 202Il sections
are directly linked to the respective sections within @& CBA Guideline. Evén the
event that no additional information is needed to be delivered in this document, the
respective indicator is nonetheless displayed for reasons of completeness.

5.1. B1¢SEWH.1in CBAY)

Crossborder projects increase the commercial exchange capability between two
bidding areas, allowing generators in the lower priced area to export power to the higher
priced area. Their SEW can be calculated usingyémemation cost approachor total
surplus approacltby appying two simulations with and without the project. Refer to the

4" CBA Guideline for the general methodology and Se@i@r2in this documentor

the specific pproach inTYNDP 2024nternal projectscan have significant crosmrder
impact as interconnection projectnd/or can solve internal bottlenecks, leading to
large internal benefits being obtained by reducing the redispatch cost generation. Their
SEW musbe calculated using theedispatch methodologyby applying two simulations
with and without the project.

Method 1: Using market simulations

For projects whose main impact is crdssundary, such as interconnections and internal
projects which affect the NTC between price zones, the assessment can be done using
two market simulations:

MS:: Market simulation without the project

MS: Marke simulation with the project

AMS
kMS: Difference between MS1 and MS2
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Interconnection project

PPP?9?, 29999 %,

Sy st yyym

Import Area

MSi: Market simulation with NTC (= NTfga) between bidding zones without the

project MSY al NJ Sl aA YdzZ I lGaZby néhgtd Ketwbeh bidlingg I' b ¢ /
zones with the project

Storage project

MS:: Market simulation without the storage
project MS: Market simulation with the
storage projecinternal project: crossborder

impact is the main driver

In this case, there is no physical reinforcement between the bidding zones, but there is
an increase in NTC, facilitated by an internal reinforcement.
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