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1. Changes compared to TYNDP 2022 
Implementation Guidelines 

ENTSO-E 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 4th improved CBA Guideline and therefore to be seen as a mature document 

the following main changes compared to the TYNDP 2022 need to be highlighted:  

¶ Inclusion of a new Security of Supply loop for the calibration of the scenarios.  

¶ Generalisation of the SEW by formulation of the global SEW including a detailed 

example 

¶ Clarification that when PiT are used, a detailed validation needs to be given 

¶ Inclusion of a methodology on how to assess the commissioning years 

¶ 5ŜƭŜǘŜŘ ǘƘŜ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ άLƴǘŜǊƭƛƴƪŀƎŜ ōŜǘǿŜŜƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ǘƘŜ Ǝŀǎ ǎŜŎǘƻǊǎέ 

as this information was mainly included under the global SEW description 

¶ Inclusion of a clear definition of the usage of Points-in-time 

¶ Inclusion of a methodology to assess the B8.1 indicator 

¶ Deleted the specific section on the B8.2 Black start service indicator making it more 

general in its application 

¶ Actualisation of the list of simulation tools 

¶ PEMMDB generators categories updated with inclusion of a new generator type 

being the CCGT Hydrogen 

¶ Inclusion of the methodologies to assess the European Union targets as introduced 

in the 4th 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  
The TYNDP 2024 Implementation Guidelines provide complementary information to the 4th 

ENTSO-E Guideline for Cost Benefit Analysis of Grid Development Project. They do not 

replace it. For a full understanding of these Implementation Guidelines, it is strongly 

recommended that the reader familiarise themselves with the 4th CBA guideline. Only in 

combination do both documents deliver the necessary information to practically perform a 

project CBA in the ENTSO-E Ten-Year Network Development Plan (TYNDP) 2024. Information 

not explicitly noted in the Implementation Guidelines has to be considered with respect to 

the 4th CBA guideline.   

These guidelines for the TYNDP 2024 are drafted under the requirement of being made 

public, together with the TYNDP 2024 package, as demanded by the 4th CBA Guideline. The 

structure of the 4th CBA guideline follows a general and modular approach. It explicitly refers 

to and relies on the study specific implementation guidelines (i.e. for the TYNDP 2024 these 

present guidelines):  

a. It is modular as each individual indicator or aspect within the 4th CBA guideline 

is presented as an individual module. This approach allows ENTSO-E to 

include small changes or revise/add/revoke single indicators in a clearer 

manner without changing the entire document.  

b. It is more general as very specific details or assumptions needed for 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 CBA, the reader should also make use of:   

4th ENTSO-E Guideline for Cost Benefit Analysis of Grid Development Projects (Submitted to 

ACER 24.04.2023)   

TYNDP 2024 Scenario Webpage  

    

Key drivers of the methodology:   

1. Complementing the guidance as given in the 4th CBA Guideline  

2. Delivering the methodology 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 assessment   

  

https://extra.entsoe.eu/SDC/EPSCC/DT%20CBA/_layouts/15/WopiFrame.aspx?sourcedoc=%7bE2542D0D-5490-4888-AC07-A92E1F29ECE5%7d&file=CBA%204%20Guideline_for%20ACER%20opinion.pdf&action=default
https://extra.entsoe.eu/SDC/EPSCC/DT%20CBA/_layouts/15/WopiFrame.aspx?sourcedoc=%7bE2542D0D-5490-4888-AC07-A92E1F29ECE5%7d&file=CBA%204%20Guideline_for%20ACER%20opinion.pdf&action=default
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/CBA/210322_3rd_ENTSO-E_CBA_Guidelines.pdf
https://2024.entsos-tyndp-scenarios.eu/
https://2022.entsos-tyndp-scenarios.eu/
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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.  

 

Figure 1 ς Schematic project assessment process. Whereas Ψ/.! ƳŀǊƪŜǘ ƛƴŘƛŎŀǘƻǊǎΩ ŀƴŘ Ψ/.! ƴŜǘǿƻǊƪ ƛƴŘƛŎŀǘƻǊǎΩ ŀǊŜ 
ǘƘŜ ŘƛǊŜŎǘ ƻǳǘŎƻƳŜ ƻŦ ƳŀǊƪŜǘ ŀƴŘ ƴŜǘǿƻǊƪ ǎǘǳŘƛŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ΨǇǊƻƧŜŎǘ ŎƻǎǘǎΩ ŀƴŘ ΨǊŜǎƛŘǳŀƭ ƛƳǇŀŎǘǎΩ ŀǊŜ ƻōǘŀƛƴŜŘ 
without the use of simulations. 

  

This section delivers a detailed overview of the respective 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 impacts are characterised by a number of indicators that can either 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 defined. This feeds into the market 

simulation process together with the reference grid representative of the market 

exchanges capacities between different bidding zones. Project promoters have to 

submit technical data on their projects which can be taken into account or not in the 

reference depending on specific factors detailed in the CBA 4 Guideline.  
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To capture and assess the cross-sectorial coupling impacts, the 

hydrogen and the electricity sectors are interlinked. All electricity projects undergo a 

dual(-system) assessment. This is shown in Figure 2, where the joint scenarios and 

reference networks are the inputs for the interlinked dispatch model. The dual 

assessment provides results for two classes of indicators:  

a) Energy system-wide indicators encompass the cross-sectorial view. Those indicators 

incorporate the complete results from the interlinked model and can be used to 

compare projects across sectors. 

b) Sector-specific indicators belong to the electricity sector. They are obtained from a 

subset of the results from the interlinked model and/or need to be further 

processed. 

 
Figure 2 - Dual-(system) assessment of electricity projects in one overarching framework by interlinking the hydrogen and 
electricity sector.  

3.1. Scenarios (2.1 in CBA 4)  

An overview of the draft scenarios, their storylines, main data points and definitions as 

applied to the TYNDP 2024 can be found in the [LINK to Scenario 2024]  

In the TYNDP 2024, the scenarios defined within the scenario building process are NT2030, 

NT2040, DE2040, GA2040 and DE2050, GA2050. Based on these 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 priority as the scenarios following the national energy and 

climate policies derived from the European targets. Thus, in 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 scenario, meaning that this is the only scenario in 

which load flows and other network calculations are carried out.  

Given the high uncertainties for very long-term 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 CBA assessment will be carried out for the 2030 and 2040 study horizon 

which also helps with the comparability of the CBA assessment results with the previous 

TYDNP.  

Adequacy assessments are prioritised to NT2030, NT2040 and DE2040 scenarios.  

https://2024.entsos-tyndp-scenarios.eu/
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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 Pan-European Climate Database (PECD). The results from 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 2009.  

The table below gives an overview of which scenario the CBA indicators and NTC calculations 

are to be performed in.   

Scenario B1, B2, B3, B4 B5 ς Losses B6 ς Adequacy ҟNTC 

NT2030  

Climate years  

Yes Yes Yes Maybe 

NT2040  

Climate years  

Yes 

 

Yes* Yes  

DE2040  

Climate years  

Yes Yes* Yes  

GA2040  

Climate years  

Yes No No No 

DE2050 No No No No 

GA2050 No No No No 

¶ The losses calculations for the NT2040 and DE2040 scenarios might be skipped in 

favour of the NT2030 simulations in case of running into issues 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 assessed included in the 

system.  

The philosophy behind the ǎŎŜƴŀǊƛƻΩǎ adequacy calibration is either to: 

¶ Add peaking generation capacities or DSR where LOLE exceeds SoS standard (LOLE 

<3 h as default) 

¶ Reduce installed capacities of peaking generation where LOLE <SoS standard 
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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 

άƻǾŜǊŀŘŜǉǳŀǘŜέΦ 

SoS quantification is based on standard methodology similar to one used within ERAA 

project conducted by ENTSO-E. The following assumptions are used: 

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

¶ Balancing reserves are added to the consumption or derated from the hydro 

generation or from the thermal generation  

¶ 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 performed until the criteria is satisfied for each country (or 

no more capacity of the pre-defined types can be added/removed). 

 
Figure 3 ς SoS Loop Iterative Process Diagram in TYNDP 2022 process 

For TOOT projects, it is necessary to verify this 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 added corresponds 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 capacity should be enough to meet 

the LOLE requirement in isolated market node (LOLE<3h) without TOOT project. 
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3.2. Market simulations (2.4 in CBA 4)  

3.2.1. Tools used for market simulations  

The TYNDP project assessment should report costs and benefits on a pan-European level due 

to market and network simulations. The tools used for market simulations are:  

Å Antares link  

Å Plexos link  

Å Promed (internal tool)  

Å APG Tool (internal tool)  

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 simulations are used for assessing indicators B1-B2-B3-B4-B6. The assessment 

of the indicator B1 can rely on two possible approaches: the generation cost approach 

or the total surplus approach. An illustrated example for their calculation is provided in 

the Annex C. Both are elaborated in the 4th CBA Guideline in Annexes I and II and capture 

the global socio-economic welfare (SEW). 

Å The generation cost approach compares 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 

Å The total surplus approach compares the producer and consumer surpluses for the 

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 compared. This approach is capable of dealing with 

both elastic and inelastic demand. The global SEW along the sectors Ὓɴ

ÅÌÅÃÔÒÉÃÉÔÙȟÈÙÄÒÏÇÅÎ is calculated as follows: 

ὛὉ7 Ὑ

ᶰ

Ὑ

ᶰ

Ὑ

ᶰ

Ὑ
ᴾ

ȟ 

where Ὑ  is the consumer rent, Ὑ  is the producer rent, Ὑ  is the congestion 

rent of sector Ὦɴ Ὓ, and Ὑ
ᴾ

 is the cross-sector rent stemming from the 

interlinkage between the electricity and hydrogen sector. 

https://antares-simulator.org/
https://antares-simulator.org/
https://antares-simulator.org/
https://www.energyexemplar.com/?hsLang=en
https://www.energyexemplar.com/?hsLang=en
https://www.energyexemplar.com/?hsLang=en
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Any component ὧɴ ὅ of the energy system e.g. electrolyser or 

hydrogen gas turbine that introduces a coupling between the electricity and the 

hydrogen sector belongs to certain market areas with market clearing price 

άὧὴȟ  for electricity and άὧὴȟ for hydrogen. The cross-sector rent is 

dependent on the price difference and is summed up over all timesteps ὸɴ Ὕ by 

applying 

Ὑ
ᴾ

άὧὴȟ ὴ ȟ
ȟ άὧὴȟ ὴ ȟ

ȟ ȟ

ᶰᶰ

 

where ὴ ȟ
ȟ  and ὴ ȟ

ȟ  denote the ŎƻƳǇƻƴŜƴǘΩǎ output or input power 

referenced to the hydrogen and electricity side, respectively. Note that these powers 

ŀǊŜ ŘƛŦŦŜǊŜƴǘ ŀǎ ǘƘŜȅ ŀǊŜ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇƻƴŜƴǘΩǎ ŜŦŦƛŎƛŜƴŎȅ ŦƻǊ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ 

from one energy carrier into another.  

The producer rent for sector Ὦɴ Ὓ is composed by the contributions from the generation 

ὧɴ Ὃ and storage components ὧɴ Ὓȡ 

Ὑ  Ὑ
ȟ

Ὑ
ȟ
  

The producer rent from the generation portfolio is 

Ὑ
ȟ

άὧὴȟ άὥὶὫὭὲὥὰὅέίὸὴ ȟ
ȟ

ᶰᶰ

ȟ 

where άὥὶὫὭὲὥὰὅέίὸ is the marginal cost of the generation asset associated with ὧɴ

Ὃ, άὧὴȟis the market clearing price at time step ὸɴ Ὕ to the corresponding market 

zone, and ὴ ȟ
ȟ  denotes the generation output. For storage devices, we attribute the 

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

calculated by 

Ὑ
ȟ

άὧὴȟὴ ȟ
ȟ  άὧὴȟὴ ȟ

ȟ

 

ᶰ

 ȟ

ᶰ

 

where ὴ ȟ
ȟ  corresponds to the demand of the storage component ὧɴ Ὓ at time step 

ὸɴ Ὕ of sector Ὦɴ Ὓ. 

In the same straightforward way, the consumer rent is determined by 

Ὑ ὩὰὥίὸὭὧὭὸώ άὧὴȟὴ ȟ
ȟ

 

ᶰᶰ

 ȟ 
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where ὩὰὥίὸὭὧὭὸώ  is the strike price level for which a 

consumer or a demand side response (DSR) component ὧɴ ὒ is willing to buy energy 

from the markets. Inelastic demands use the Value of Lost Load (VOLL) for the elasticity, 

whereas DSR units serve certain DSR bands as input for the elasticity. 

Finally, the congestion rent in sector Ὦɴ Ὓ is summed up over all ὧɴ ὒὭὲὩί and 

timesteps ὸɴ Ὕ by 

Ὑ άὧὴ
ȟ
 άὧὴ ȟὴȟ  ȟ

 

ᶰᶰ

 

where άὧὴ
ȟ
 άὧὴ ȟ is the price difference and ὴȟ is the exchange power 

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

In the event of inelastic demand ς which is the case for the modelling used in TYNDP 

2024 ς the two approaches give the exact same results. The SEW for third countries are 

calculated using the total surplus approach since considered solely, the exchanges 

between a third country and the ENTSO-E perimeter can change due to the adding of a 

transmission project. 

The elasticity of the demand is modelled as demand side response (DSR) in the same 

manner as generators are modelled ς this does not impact the validity of the generation 

cost approach.  

3.2.3. ¢ǊŜŀǘƳŜƴǘ ƻŦ ΨǘƘƛǊŘ ŎƻǳƴǘǊƛŜǎΩ  

The geographic perimeter for benefit and cost reporting in the TYNDP is defined as covering 

countries from ENTSO-E, as well as 3rd countries (Israel, Lybia, Ukraine, Moldova, Palestine, 

Tunisia, Georgia, UK, Egypt, Morocco, Algeria, Malta). Hence, this excludes countries as 

defined below.  

The ENTSO-E perimeter is connected to non-member countries ς so called third countries ς 

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 pan-European benefit and should be excluded 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 projects that are 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 of benefits related to these third countries. 

The benefit is then reported separately for the ENTSO-E perimeter and for third 

countries.  Similarly, the benefits are computed for the EU27 perimeter, covering 27 EU 

member state countries. 



 TYNDP 2024 IMPLEMENTATION GUIDELINES  
Draft version | 11 September 2023 

  

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  Page 14 of 121  

  

3.2.4. Geographical scope of the market 

model  

The geographic perimeter for the market model is defined as ENTSO-E countries (except 

for Iceland) and the following connecting third countries:   

¶ Algeria, Georgia, Egypt, Israel, Libya, Morocco, Moldova, Malta, Palestine, 

Tunisia, Turkey, Ukraine and United Kingdom.   

The TYNDP project assessment should report costs and benefits on a pan-European 

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 countries. To remove the effects on third 

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

contrast, but for the same reason, pan-Europe interactions between Russia are 

ƳƻŘŜƭƭŜŘ ŀǎ άŦƛȄŜŘ ŜȄŎƘŀƴƎŜǎέ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ǎƛƳǳƭŀǘƛƻƴΦ  

3.2.5. Generation unit data  

All assessments in the TYNDP 2024 use a common ENTSO-E database as defined within 

the Pan-European Market Modelling Database (PEMMDB) version 2.5. As the market 

simulations are carried out on the full pan-European perimeter plus third countries (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 categories. This 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 data1:  

Å ENTSO-9Ωǎ t9aa5. нΦ5 package covering: 

o Hydro 

o Prices  

o Net generating capacities for all 

generating types 

o Pre-defined generation time series 

o Must-run values of thermal generation 

types  

 
1 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 Availabilities of thermal units  

o DSR capacities  

 

Å Demand profile time series for all market nodes, per climate year and scenario 

Å PECD covering solar irradiance, wind generation, ambient temperature and 

hydro inflow data per climate year and scenario 

Å Planned and forced outage time series  

Å Costs for generation: 

 

o Variable fuel costs  

o Internalised cost of CO2 emissions  

o Marginal cost of thermal generation 

o Variable operation and maintenance 

costs  

o Start-up and shut-down costs  

 

Å Cross-border capacities (NTC values)  

Å Fixed exchanges with non-modelled countries  

3.2.7. Time-resolution  

The market simulations 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 TYNDP 2024 market simulations are 1995, 2008 and 

2009. For each climate year, the factors from the Pan-European 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. These time-series are the input 

for the market 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 also depends on the climate year. In TYNDP 2024, part of Other RES and 

Other non-RES generation, also depends on the climate year.  

3.2.9. Hurdle costs  

! ƘǳǊŘƭŜ Ŏƻǎǘ ƻŦ лΦлм ϵκa²Ƙ ƛǎ ŀǇǇƭƛŜŘ ƛƴ ¢¸b5t 2024, which is the same as in the 

previous TYNDPs 2022, 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 system costs (the overall hurdle costs impact in the simulation 

should be negligible).  

3.3. Network simulations (2.4 in CBA 4)  

3.3.1. Merging of the Grid Models  

All load-flow simulations for merging the grid models are performed on models collected 

from TSOs for the NT 2030 and NT 2040 scenario in ENTSO-E Common Grid Model 

Exchange Specification (CGMES)2 format, for reference hours selected from a market 

simulation output for the given scenario. These national models are merged to larger 

regional models, which are used 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 generation and loads are redistributed for every point 

in time based on the market simulation results.   

The collected grid models have to match the PEMMDB 2.5 installed capacities for every 

TSO, and contain a mapping of each grid node to the corresponding market node. 

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 tool in case 

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/  

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 RTE. Powsybl is an open-source tool used also by RTE. Integral 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 TSO. The usage of these tools was 

determined by the 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 geospatial 

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 ENTSO-E contain all the information 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 the following manner:  

Å Mapping of generation for each modelled market node: The market simulation 

results contain the total generation for each PEMMDB category (e.g. Combine 

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 ς 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 generation 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 from such types had to be 

defined for network simulations. The sequence is the following: wind onshore, 

wind offshore, solar PV, solar thermal, other RES, increase load.  

Å Exchanges with non-modelled countries: The exchanges with non-modelled 

countries are mapped 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 of each line.  

Å HVDC setpoints: In the case of HVDCs within a country (market node) or in the 

case of borders that consist of both AC lines and HVDCs, there are different 

options for the modelling of HVDCs in the TYNDP grid models. It is either using 

AC emulation (defined as a K [MW/°] factor provided by the TSO) or defining a 

formula to calculate the HVDC setpoints in function of the exchange value from 
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the market simulation. If a border consists of HVDC(s) 

only, the exchange is mapped directly (in proportion of the capacities of the 

HVDCs, if there is more than one).  

Å Balances: As 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. Instead, 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 represented by the NonConformLoad3 class 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.  

Å Usage of representative Point-in-Time (PiT): Although year-round simulations 

are to be seen as the standard, it is also allowed to use representative PiT instead 

in order to reducing the complexity of the simulations. However, when PiT are 

used a detailed proof of the representativeness of the PiT has to be given 

together with the respective modelling results.  

 

The merged base case models (base case relates here to a specific reference PiT) are 

available in each simulation tool with an AC load-flow 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 harmonised voltage control strategies, 

DC load-flow approximation may also be used4 for the following steps, i.e. losses and 

NTC calculations.   

The load-flow simulations are all based on market simulation outputs, which are 

produced in an Excel file with a standardised structure and content.  

3.3.3. Improving DC calculations using results from AC calculations  

Some methods can be utilised to improve the accuracy of DC load-flow results, which 

were investigated and commonly agreed for TYNDP 2020. The applied methods are the 

following:  

 
3 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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Å Usage of voltages based on AC load-flow 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 for losses calculations.  

Å ¢ƘŜ ŀǎǎǳƳǇǘƛƻƴ ƻŦ Ŏƻǎό˒ύ ƛǎ ǾŜǊƛŦƛŜŘ ōȅ ǊŜǎǳƭǘǎ ŦǊƻƳ !/ ƭƻŀŘ-flow, performed by 

Integral. The value can be adjusted based on the results.  

Å Dispersal of losses in the loads is considered as the demand values from the 

market simulation already contain assumed losses for each market area.  

After detailed load flow tests carried out in TYNDP 2020, it was identified that many 

other uncertainties are 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 an essential 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:   

Å 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  

Å 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 load flow 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 approaches should be well aligned. The performed 

analysis proved that the DC power flow with customised voltage 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 in Section 3.3.1, the market simulation results are mapped to separate 

merged grid models representing different synchronous areas. The grid models are 
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modelled per synchronous areas: The Continental Europe area, 

the Baltic area, the Nordic area, the British area, and the Ireland and Northern Ireland 

area. However, the grid models do not contain the following European countries/areas: 

Cyprus (CY00), Corsica (FR15), Iceland (IL00), Malta (MT00) and Turkey (TR00), Ukraine 

(UA00), Moldova (MD00), Georgia (GE00), MedTSO countries, .  

3.3.5. Sanity check of the different tools  

Before starting the load-flow calculations, all simulators for the same synchronous area 

must ensure that the AC load-flow results are adequately close5 for the base case 

merged model. In addition, to ensure that all modelling rules for year-round calculations 

are implemented in the same manner, hourly load-flow results for a selected market 

simulation output need to be compared, as well as AC and DC load-flow results for 

selected hours of the same market output.  

In the event the AC load-flow 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 represent the actual 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 2024, AC load-flow can only be utilised for CBA calculations 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 output is used but 

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

3.3.6. Organisation 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 Study Team, 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 from those areas, the results 

were compiled for all synchronous areas centrally for each project.   

3.3.7. Load-Flow calculations for the CBA-phase  

All losses calculations are based on year-round simulations utilising the market 

simulation results for all 8736 hours of the 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. Load-Flow calculations for NTC 

calculations  

CƻǊ ɲb¢/ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ƻƴƭȅ ƻƴŜ ƳŀǊƪŜǘ ƻǳǘǇǳǘ ŦƻǊ ŀ ƎƛǾŜƴ ŎƭƛƳŀǘŜ ȅŜŀǊ ǿƛƭƭ ōŜ ǳǎŜŘΦ  

A detailed description of the transfer capability calculations is given in section 4.2.  

For the project submission, where project promoters are asked to submit the project 

specific dNTC values together with a respective documentation describing the specific 

modelling information on the dNTC calculations will be given in a separate documents 

submitted by the respective modellers of the dNTC calculations:  

 

3.4.  Redispatch simulations (2.4.4 and 6.3 in CBA 4)  

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 

congestions. 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 the 2nd CBA 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 redispatch has 

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 ENTSO-E wide 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 2024, redispatch simulations will not be applied for interconnectors. Only for 

internal projects with or without cross-border impact, where the respective project 

promoter can prove that the tool and methodology used is compliant with the 4th CBA 

guideline and this implementation guideline, redispatch calculation can be performed. 

The project promoter has to submit a written acknowledgement in English language to 

ENTSO-E to prove compliance with the requirements of the CBA guideline.  

  
Note with respect to the guidelines on project level indicators:  



 TYNDP 2024 IMPLEMENTATION GUIDELINES  
Draft version | 11 September 2023 

  

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  Page 22 of 121  

  

Within section 9 Project Level Indicators, only specific indicators are 

described, whereas the redispatch methodology is used to achieve the same indicators as by the use of 

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 

Redispatch Assessment  

As it is not yet possible to perform the redispatch simulations on a centralised level at 

ENTSO-E within the TYNDP 2024, these 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 everything needed 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 importance to define the main parameters and 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 one tool 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 ENTSO-E TSOs has already been performed in 

preparation for the TYNDP 2020. The results of this exercise are provided in the following 

chapters.   

  

Project promoters aiming for redispatch calculations within the TYNDP 2024 that have 

not participated within the alignment process in TYNDP 2020 have to, in addition, 

prove their model compliance by performing the sanity check as described within 

section 3.4.4. In this case, the project promoter has to submit the results of the sanity 

check together with a written acknowledgement in English language to ENTSO-E to 

prove compliance with this requirement.  

  

The definition of the general principles of 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 purpose, in chapter 3.4.3 an overview of the general process is given. After giving 

the minimal requirements on quality in chapter 3.4.4 that need to be met, the 

participating tools are presented in chapter 3.4.6, together with a description of the test 

case to find alignment between the tools. As the redispatch methodology is based on 

market and network simulations, the needed input data is described in chapter 3.4.7, 

including a description of model specific data per simulation tool. An overview of the 

overall CBA 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 chapters 3.4.8 and 3.4.9. 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 chapter 3.4.10, followed by the definition of the critical 

branches to be considered when performing the redispatch simulations in chapter 

3.4.11. The final two chapters, 3.4.12 and 3.4.13, give an overview of the results needed 

for a full CBA assessment and its monetisation.  

  

Ultimately, in the best case, these Implementation Guidelines might be seen as step-by-

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. Overview of the simulation process  

All redispatch calculations performed by the project promoters need to follow the 

principles laid out within the 4th CBA guideline (section 6.3).   

In this section, a short overview of the general simulation process of redispatch 

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 

section 3.4.6.   

Although no interconnectors will be assessed using redispatch calculations within TYNDP 

2024, both options as given in the 4th CBA guideline (see also Figure 4) can be applied 

dependent on the cross-border contribution of the respective project:  

Å Option 1: Calculation of benefits using pure redispatch  

Å Option 2: Calculation of benefits using a combination of border-NTC-variation 

and redispatch  

 
Figure 4 - Simplified presentation of the two options applied for projects with a focus on internal impact only and those with 
internal and cross-border impact respectively.   
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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 a justification of the respective choice.   

In general, projects with no cross-border contribution will be assessed using Option 1, 

whereas those with cross-border impact are assessed using Option 2. However, also for 

the latter, project promoters might wish 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 cross-border part of the benefits will be lost, 

and the results can be seen as a lower bound. On the other hand, the application of 

Option 2 for projects with no cross-border impact will deliver the same results as when 

using Option 1.  

Overview of the simulation process:  

Generally, to perform the project assessment using redispatch simulations, the following 

simulation steps must be performed6:  

1. Market Simulations (see also 3.4.7.1): all subsequent simulations must be based 

on the centrally performed market simulations by ENTSO-E. The respective data 

must be obtained by the TYNDP Study Team.   

2. Load Flow Calculations (see also 3.4.7.2): the following load flow simulation 

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

3. Redispatch Simulations: the 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 market data must be 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 ς whereby the infeed 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.  

 
6 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 with the redispatch 

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 network model 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 ENTSO-E. The 

respective experts compare the results of the project promoter regarding the simplified 

model. The submission of the Sanity Check results should occur before the submission 

of the final project results to ENTSO-E. This is a recommendation as a recalculation may 

not be possible in the given timeframe of the publication process of the TYNDP. The 

approval process of the redispatch results by the project promoter will be 

communicated by ENTSO-E separately.   

For tools that have already performed the sanity check in the TYNDP 2020, there is no 

need to re-submit the results from the sanity check to ENTSO-E.   

The following tables give the description of the input data for the sanity check in the RD-

Annex (section 3.4.14):  

Å Technical parameters  

Å Market Input Data  

Å 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 check model consists of six nodes (N=North, S=South, W=West & E=East). All 

nodes are connected by a 2-system 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 HVDC connections (HVDC1, HVDC2) 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 load units  

SE_L1 & SE_L2 and one generation unit SE_G are located in node SE. (See alsoFigure 5) 
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Figure 5 - Illustration 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 RD-Annex (section 3.4.14). 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 give a written statement on:  

Å The compliance with the 4th CBA Guideline and the TYNDP 2024 Implementation 

Guidelines for Redispatch calculations.   

Å If necessary, an explanation of a deviation from the guidelines due to special 

national regulatory conditions. A submission of these regulations to ENTSO-E for 

the authorisation process (e.g. RES Monetisation; Consideration of the n-2 

criterion ς Line Ratings etc.).  

Å The compliance with the TYNDP 2024 Input Data   

Å A description, which proposed options in the guidelines were chosen.  

o AC/DC  

Illustration of the Sanity Check model. )   
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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 redispatch 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 ENTSO-E level with the purpose of centrally 

coordinated computations. 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 

implementation of 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.  

General 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 the utilisations of network 

elements in base case and (n-1) case. The line utilisations on (n-1) case resulting from 

the load flow analysis are evaluated within the redispatch simulation and possible 

bottlenecks are identified. The power flows, which exceed in the (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 the (n-1) security criteria 

of the electricity grid. Their effect on the power flow on the lines is determined by linear 

sensitivity factors ὖὝὈὊ, so-ŎŀƭƭŜŘ άtƻǿŜǊ ¢ǊŀƴǎŦŜǊ 5ƛǎǘǊƛōǳǘƛƻƴ CŀŎǘƻǊǎέΦ ¢ƘŜ ƴƻŘŀƭ 

PTDF matrix does offer such a possibility as it translates nodal injections into individual 

line flows by explicitly stating the 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 considered in the redispatch simulations (see sections 3.4.9 and 3.4.10). 

In addition, the cost-optimal redispatch optimisation will be performed to solve all 

respective congestions in the electrical grid.   

The final step will be the monetisation of the redispatch outcomes (see also Figure 6).  
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Figure 6 - General overview of the necessary steps to be performed to assess projects by use of redispatch     calculations. 
The step of mapping to PTDF can be neglected in case where load-flow simulations are possible within the respective 
modelling tool. 

  

3.4.7. Requirements for input data   

To perform the redispatch calculation, the set of network and market 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 the consistency 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 (Due to data 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 in TYNDP 2024. To meet this requirement, the market model input data 

(see 3.2.5 and 3.2.6) as well 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 above in 3.4.7):  

Å price assumptions (fuel prices, CO2 price and the marginal costs of thermal 

generation types calculated from these)  

Å net generating capacities for all generating types  

Å demand time series   

Å must-run values of thermal generation types (time series) 

Å availabilities of thermal units (time series) 

Å inflow profiles for Run-of-Rivers and pump storages  

Å DSR capacities  

Å cross-border capacities (NTC values)  

Å fixed exchanges with non-modelled countries  

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 results, which are used as input for the power flow 

computations, also must be included in the input dataset for the redispatch calculations. 

This should include:  

Å Utilisation (hourly time-series) of thermal generation types, DSR and hydro 

categories   

Å dumped energy time series   

Å hourly marginal costs on market nodes  

Å ENS (energy not served) 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 

modelling specific features of the individual grid models. In general, the mapping is 

based on the distribution of market hourly time-series 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. Pmax, Pmin, etc.). However, there must be an alignment process between the 

parameter 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 part of TYNDP 2024, so 

that the installed capacities in the grid model are the same with market input data and 

the power flow results are consistent with other grid studies (e.g. the delta NTC, losses 

calculations).   

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 

Group Data 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 (N-1 case), the power flow analysis should be performed on the grid 

model. The power flow simulations should be based either on a DC- or on AC- load 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 is allowed (see also section 3.3.3). The network analysis should 

be made on a year-round basis. If this is not possible, representative points in time can 

be analysed following the principles laid down in the 4th CBA Guideline.  

Special input data provided by the 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 the n-1 principle based on them. The 

need to consider these exceptions such as Dynamic 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 ENTSO-E for performing the 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, a comparable 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 number of 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 the 4th CBA Guideline. 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 Trends must be used for project evaluation.7  

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 of TYNDP 2024, the climate year 2009 is 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 least one market tool that participated in the TYNDP2024 CBA process. It is 

recommended that the same set 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 Points in Time:  

It is recommended to calculate a complete year in hourly time steps. However, in line 

with the general network simulations (see section 3.3) it is also allowed to make use of 

representative points in time.  

General:  

A multiple TOOT/PINT approach is permitted under the 4th 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 ensure 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 in the calculation has to be chosen to cover all 

ǊŜƭŜǾŀƴǘ ƎǊƛŘ ŀǊŜŀǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΣ ǿƘƛŎƘ ŘŜǇŜƴŘǎ ƻƴ ǿƘŜǘƘŜǊ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

contribution is considered as mainly internal or also contains a major cross-border part.   

Internal projects (without significant CB impact)  

 
7 It has to be noted that for projects applying for the PCI status it is not up to ENTSO-E to define 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 recommended 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 cross-border impact to be monitored during the redispatch calculations is 

typically the country that includes the project.  However, as the European grid is 

generally highly meshed, it is recommended to include at least the neighbouring 

countries. In any case, the border flows to the non-modelled countries should be 

mapped from a full grid model covering the entire synchronous area that the country of 

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 by the 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 the calculations 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 the excluded 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 measures ς Penalty costs   

The order or selection of the measures taken by the tool to resolve the bottlenecks on 

the critical elements depends essentially on two factors:  

Å Effectiveness of the measure  

Å 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, storages, PSTs, 

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 optimisation 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 that they can 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 units K involved in the redispatch across all time steps Ὕ. The 

objective function of the underlying optimisation problem is shown below:  

ÍÉÎὪ ὧὯȟὸϽЎὴὯȟὸ  

The above formula only applies to the time coupled approach. Without time coupling, 

the minimum costs for each hour are defined as a target function. As the time coupled 

approach quickly becomes very complex with increasing number of time steps within 

one closed optimisation problem, without dramatically increasing the accuracy, the 

approach without time coupling can also be applied without losing the significance of 

the results.  

Basically, the costs c(k,t) picture the coefficients in the objective function of 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, 

HVDC 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 CO2 tons) 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, post-monetisation must be implemented (see also 

chapter 3.4.13).  

Furthermore, it must be ensured 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 the tool itself or also by suitable penalty costs.  

In principle, the following sequence must be ensured ς driven by the two types of costs: 

ǘƘŜ άǊŜŀƭέ ŎƻǎǘǎΣ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ƎŜƴŜǊŀǘƛƻƴ ŎƻǎǘǎΣ ŘŜŦƛƴƛƴƎ ǘƘŜ ƳŀǊƎƛƴŀƭ Ŏƻǎǘǎ ƻŦ ǘƘŜ 

conventional power plants; and the Penalty Costs that can be interpreted as the model 

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

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

must be considered and reported accordingly.  

1. network-side measures   

a. topological actions  

b. power flow controllable devices (PST, HVDC, FACTS)  

2. weather-dependent line operation curative actions (generating units decrease) 

included in the ratings (see above)  
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3. Thermal Power plants 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 measure. Thus, for each measure impacting the generation of the system 

a respective measure needs to be applied as a counterpart.  

3.4.11. Considered branches   

The planning and operation of electrical transmission networks considers the so-called 

(n-1)-criteria. The (n-1)-criteria ensures that the operating limits of the lines in the 

system are not violated 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 feed-in of power plants in order to shift the power flow from 

the overloaded branches and therefore ensure the (n-1) 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 simulated on the grid 

model and the power flow of other branches in the system in each considered (n-1) case 

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 protection relay 

settings and weather conditions. Some TSOs investigate not only single failures but also 

ŎŜǊǘŀƛƴ ŦŀƛƭǳǊŜ ŎƻƳōƛƴŀǘƛƻƴǎΣ ƛΦŜΦ άόƴ-нύέ-outages or exceptional contingencies.   

Generally, the (n-1)-utilisation of all branches in the grid should be considered in 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 must be reduced to the relevant grid 

area influenced by the project (see chapter 3.4.9). This means that only the branches 

within the defined perimeter as well as the corresponding interconnectors must be 

considered in the (n-1)-calculation and redispatch simulation. 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 220-/380-kV). It is 

generally assumed that failures and overloading of transformers are not considered 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 artificially 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 necessary 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 deliver the power plant 

dispatch, which is the driver for most of the CBA indicators. Below is a list with all CBA 

indicators as defined in the 4th CBA Guideline that can be achieved by using the 

redispatch methodology applying the (multiple) TOOT/PINT approach (all other 

indicators are not foreseen as being calculated using redispatch):  

Å B1 - SEW: can be achieved by the generation cost approach the same way as for 

market simulations (including cross-border costs and start-up and shut-down 

costs) 

Å B2 - Societal costs of CO2: can be achieved the same way as for market 

simulations as post process  

Å B3 - RES integration: can be achieved the same way as for market simulations by 

the change in needed reduction in RES generation due to redispatch  

Å B4 - Non-direct greenhouse emissions: can be achieved the same way as for 

market simulations as post process  

Å B5 ς Losses: can be calculated the same way as for market simulations using the 

dispatch taken from the redispatch calculations as input for the losses 

calculations  

Å B9 ς Reduction of Redispatch Reserves: the 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 Implementation Guidelines 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 cost approach 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 (which might 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 calculation. The redispatch results are added to the standard CBA 

results (in line with the 4th 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 each type of power plant:  

For TOOT:  ЎὩὲὩὶὫώ ὩὲὩὶὫώȢ   ὩὲὩὶὫώȢ   

For PINT:  ЎὩὲὩὶὫώ ὩὲὩὶὫώȢ   ὩὲὩὶὫώȢ     

 

B1: SEW ς Social Economic Welfare  

SEW is defined as the yearly energy difference amount per power plant type (without 

RES) times the power plant specific marginal costs (LINK: Price proposal_TYNDP2020).   

3%7 ΌȾÙÒ   В Ў ὩὲὩὶὫώὸώὴὩ -7ÈȾÙÒ  ᶻ άὥὶὫὭὲὥὰ ὧέίὸὸώὴὩ Ό/ MWh]  
ὸώὴὩ   

The marginal costs of RES are zero.   

SEW_RES   

Same application as described in section 5.1 of these Implementation Guidelines.  

SEW_CO2  

Same application as described in section 5.1 of these Implementation Guidelines.  

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

emissions, to calculate the yearly CO2 emissions, the energy of the emitting power plant 

times the specific emissions per energy (see RD-Annex 2) is used.  

ЎCO2 ÔȾÙÒ   В Ў ὩὲὩὶὫώὸώὴὩ -7ÈȾÙÒ  ᶻ #/2 ὩάὭίίὭέὲίὸώὴὩ [t/MWh]   
ὸώὴὩ 

A monetisation is done with the CO2 prices as described in section 5.2.  

B3: RES integration  

Same application as described in section 5.3 of these Implementation Guidelines.  

B4: Non-direct greenhouse emissions   

Same application as described in section 5.4 of these Implementation 

Guidelines. B5: Losses  

This indicator will be calculated with the same procedure described in the CBA 4 

Guideline.  

B9 ς Reduction of Redispatch Reserves:  

Same application as described in section 5.9 of these Implementation Guidelines.  
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3.4.14. RD-Annex 1: Data for the quality 

check for minimum modelling requirements  

Table of technical parameters  

     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     

Unit name  Unit  L_SW_NW  L_SW_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  Ҡ  1  1  

voltage-angle-control:     

   

   

   headend station (SE)  

AC-angle control  MW/degree  -1260  -1260  

AC-voltage control     OFF  OFF  

DC-voltage control     ON  ON  

Udc  kV  400  400  

headend station (SO)        

AC-angle control  MW/degree  0  0  

AC-voltage control     ON  ON  

Usetpoint  kV  380  380  

DC-voltage control     OFF  OFF  
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Phase-shifting transformer  

Unit name  Unit  PST_NE_NE_1  

Ur1 (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  

  

Feeder  
 Phase-shifting transformer  

HVDC  
PI 

T  
N_G  SW_G1  SW_G2  SE_G  PST_NW_NE_1  PST_NW_NE_1  HVDC1  HVDC2  

   
dP  

[MW]  
dP  

[MW]  
dP  

[MW]  
dP  

[MW]  dSteps[]  dAngle[°]  
dP  

[MW]  
dP  

[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 grid (2.5 in CBA 4) 

Based on the guidance given within the 4th CBA Guidelines, for the TYNDP 2024 two 

different reference grids are defined for the corresponding two horizons 2030 and 2040. 

The reference grid for the 2030 horizon, which corresponds to the mid-term horizon, is 

based on criteria a) and b) as defined within the 4th CBA 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 the environmental impact assessment can 

be part of the 2030 reference grid. The reference grid for the long-term horizon (2040) 

on top of that includes projects fulfilling the criteria listed under c) within the 4th CBA 

Guideline.   

In addition to the above given maturity criteria, a cut-off 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 scenarios are part of the reference grid. The cut-off has been set to 31 

December 2030 for the mid-term horizon (2030) and 31 December 2035 for the long-

term horizon (2040), excluding all projects with planned commissioning dates later than 

these cut-offs. The commissioning 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 connect the UK 

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 criteria and 

commissioning dates might fulfil the requirement as set out within the 4th 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 introduced 

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 II.  



 TYNDP 2024 IMPLEMENTATION GUIDELINES  
Draft version | 11 September 2023 

  

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  Page 42 of 121  

  

3.6. Assessment of the commissioning 
dates (2.5 in CBA 4) 

The 4th 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.   

The methodology for the assessment of commissioning dates has to  meet the following 

principles: 

¶ The starting point for the definition of the commissioning date has to be the  

31.12.2024.  

¶ The period of time t for the duration until a project submitted to the TYNDP 2024 will 
be commissioned can be calculated as: 

ὸ ὸ ὸ ϽὪϽὪϽὪϽὪ 

 

Where:  

o tx equals 
Á tconsideration which is the assumed mean standard time of all projects to 

entering and completing the planning and permission period 
Á tpre-perm which is the assumed mean standard time of all projects to 

entering and completing the permission period 
Á tperm which is the assumed mean standard time for projects already in 

the permitting phase to completing the permitting process 
o tconst is the assumed mean standard time for the construction phase 

o f1 is a standard factor indicating the complexity of the project with respect to 
its technology (AC or DC) 

o f2 is a standard factor indicating the complexity of the project with respect to 

its setup whether it is an overhead line, cable, substation etc. 
o f3 is a standard factor indicating the complexity of the project with respect to 

whether it is an on- or offshore project 
o f4 is a standard factor indicating the complexity of the project with respect to 

whether it is a completely new project or an update  
f5 is a standard factor indicating the complexity of the project with respect to 
environmental and social impacts of the project (see sections 5.13, 5.14 and 
5.15 in CBA 4 Guideline) 
 

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. 

 



 TYNDP 2024 IMPLEMENTATION GUIDELINES  
Draft version | 11 September 2023 

  

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  Page 43 of 121  

  

The standard duration times based on the project status tx to 

be used for the assessment of commissioning years are defined as follows: 

¶ tconsideration: 8 years 

¶ tpre-perm: 5 years 

¶ 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 to simplify the assessment of commissioning years, the 

categories based on the length are defined. For each category distinct duration times are 

assumed: 

¶ Short (0-200 km): 2 year 

¶ Mid (200-500 km): 3 years 

¶ Long (above 500 km): 4 years 

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

The distinct values for the factors can be found in  Annex General assumptions. 

Example: 

Assuming a fictive sample projects with the following data submitted by the project 

promoter: 

 

 Status Length Technology 
Overhead/ 

cable 

On-/ 

offshore 

New or 

update 

Input planned, but 

not yet 

permitting 

250 

km 

DC Cable offshore upgrade 

Times 

and 

factors 

t = 5 years mid: 

t = 3 

years 

f1 = 1.1  f2 = 1.2 f3 = 

0.9 

f4 = 0.5 

 

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

calculate as: 

ὸ ςπςτυ σϽρȢρϽρȢςϽπȢωϽπȢυ  ςπςψ 

The commissioning year in this example would therefore be calculated as the year 2028.  

  



 TYNDP 2024 IMPLEMENTATION GUIDELINES  
Draft version | 11 September 2023 

  

ENTSO-E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e  Page 44 of 121  

  

4. General concepts and 
assumptions  

In this chapter a few important considerations for the clustering of investments are first 

defined. More details are provided in section 3.2.1 of the 4th CBA Guideline on the different 

rules regarding this. Then, in section 4.2, more guidelines are provided of the methodology 

ǘƻ ŎƻƳǇǳǘŜ ǘƘŜ ɲb¢/ǎ ƻŦ ǇǊƻƧŜŎǘǎ ƘŀǾƛƴƎ ŎǊƻǎǎ-border impact. It starts with the definition of 

the input data required and the options for the computation and it ends up with the guidance 

ƻƴ Ƙƻǿ ǘƻ ǊŜǇƻǊǘ ǘƘŜ ɲb¢/ǎΦ 

4.1.  Clustering of investments (3.2.1 in CBA 4) 

Following the 4th CBA guideline, only investments that strongly rely on each other may 

be clustered. A limiting criterion is that clustered 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).  

Re-clustering for projects 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 previous TYNDP.  

¢ƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ άǎƛƎƴƛŦƛŎŀƴǘ ŘŜƭŀȅέ ŀƴŘ ǘƘŜ ŘŜŎƛǎƛƻƴ ƻŦ ǿƘŜǘƘŜǊ ƛǘ ƛǎ ǎǘƛƭƭ ǇŜǊƳƛǎǎƛōƭŜ 

to cluster the investments may be case specific but must nevertheless be directly linked 

to the required justification, as for any clustering. In this respect, 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 given in the 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 calculation (3.2.3 in CBA 4) 

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, respectiveƭȅ ɲb¢/ ŀƴŘ ɲD¢/Φ ¢ƘŜ b¢/ ŎƻƴŎŜǇǘ ǎǘŜƳǎ ŦǊƻƳ ƳŀǊƪŜǘ 

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 cross-border impact (whether the project itself 

is cross-ōƻǊŘŜǊ ƻǊ ƛƴǘŜǊƴŀƭύΣ ǘƘŜ ɲb¢/ Ƴǳǎǘ ōŜ ǊŜǇƻǊǘŜŘΦ CƻǊ ŀƴ ƛƴǘŜǊƴŀƭ ǇǊƻƧŜŎǘ ǿƛǘƘƻǳǘ 
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cross-ōƻǊŘŜǊ ƛƳǇŀŎǘ ɲD¢/ Ŏŀƴ ōŜ ǊŜǇƻǊǘŜŘΤ ƘƻǿŜǾŜǊΣ ƛƴ TYNDP 

2024, such projects are to be assessed by redispatch simulations, which do not require 

the knowledge of the GTC impact of the project.  

Any transfer capability calculations performed by project promoters and compliance 

checks by ENTSO-E have to be based on the methodology defined in this section.   

4.2.1. Net transfer capacity   

The dNTC 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. N-1) of the physical assets.  

To get the delta NTC in a given hour and direction, two different calculations must be 

made (one with the project included and one without the project):  

ЎὔὝὅ = ὔὝὅύὭὸὬ  ὔὝὅύὭὸὬέόὸ  

The NTC values must be calculated using a generation or load power shift:  

Å Getting the line loadings from load flow calculations under N-1 security criteria  

Å Achieving the 100%-situation (N-1 secure) by using the generation or load power 

shift (see below)  

This must be done in a manner that is representative for each time-step (in general 8736 

hours equivalent to one year, or representative points in time).  

¢ƘŜ ǊŜǇƻǊǘŜŘ ҟb¢/ ǾŀƭǳŜ Ŝǉǳŀƭǎ ǘƘŜ тлth ǇŜǊŎŜƴǘƛƭŜ ƻŦ ǘƘŜ ȅŜŀǊ ǊƻǳƴŘ ҟb¢/ ŘǳǊŀǘƛƻƴ 

curve of the projŜŎǘΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǊŜǇƻǊǘŜŘ ҟb¢/ ǾŀƭǳŜ Ŏŀƴ ōŜ ǎǳǎǘŀƛƴŜŘ ŦƻǊ ол҈ 

of the time steps in the simulated period.  

Input data required for the calculations  

For TYNDP 2024Σ ǘƘŜ ҟb¢/ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ ŀƭƭ ǇǊƻƧŜŎǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ƘƻǳǊƭȅ ƳŀǊƪŜǘ 

simulation results 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 in TYNDP 2024. The mapping of market simulation results on the grid model 

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

Chapter 3.3.  

The NTC is derived as follows:  

ὝὝὅὄὅὉЎὉ  

ὔὝὅὝὝὅὝὙὓ 
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where:  

Å TTC: Total Transfer Capacity,  

Å NTC: Net Transfer Capacity,  

Å BCE: Base Case Exchange (which is the initial exchange between the two market 

areas before applying any additional power shift),  

Å ҟEmax: the maximum additional power shift respecting the N-1 criterion,  

Å TRM: Transfer Reliability 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 

!/ ǇǊƻƧŜŎǘǎΣ ǘƻ ŀǾƻƛŘ ǳǎƛƴƎ ǘƘŜ ./9 ǾŀƭǳŜǎΣ ǘƘŜ ҟb¢/ǎ will be calculated using the market 

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 from the calculation. As the TRM values may not 

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

ƴƻǘ ƪƴƻǿƴ ŜƛǘƘŜǊΣ ǘƘŜ ҟb¢/ǎ ǿƛƭƭ ōŜ ŀǇǇǊƻȄƛƳŀǘŜŘ ōȅ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ¢¢/ǎ όōȅ ŎŀƭŎǳƭŀǘƛƴƎ 

the change of the maximum possible power shƛŦǘΣ ҟ9max).  

The selection of critical branches and critical outages (CB/CO) for 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 agreement established 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 be consulted 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 applied 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 dispatchable generation in the examined areas).  

In the event generation power shift is used, it can be distributed among the generators 

in the following ways:  

Å in proportion to their maximum active power,  

Å in proportion to their available power margin (maximum active power-actual 

active power) 

Å in proportion to their actual active power 

Å 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.   

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 section 3.3) are to be shifted.  

The power shift method used for each project and border will be reported within a 

specific document to be published within the TYNDP 2024 package 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 avoid sub-optimal outcomes 

because of possible N-1 problems.  

Selection of the reported values  

²ƘŜƴ ǘƘŜ ҟbTC values are 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.  

The value to be reported from each duration curve is the 70th percentile (meaning that 

this value is reached at least 30% of the year). This is illustrated in the following diagram.  
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Figure 7 - {ŀƳǇƭŜ ƻŦ ŀ ǊŜǇƻǊǘŜŘ ɲb¢/ ǾŀƭǳŜ ŀǎ the difference in boundary exchange in a specific direction that can be 
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 

of hours. This does not signify any problems with the calculation but it is inherent to 

meshed systems. At year-round view when selecting the 70th percentile value, any 

investment deemed necessary should of course not have a negative value.  

In the event representative points in time are used for the calculation (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 main sǘŜǇǎ ƻŦ ǘƘŜ ҟb¢/ ŎŀƭŎǳƭŀǘƛƻƴ ŀǊŜ 

summarised here.  

Å definition of the CB/CO lists: either by PTDF-filtering, based on expert 

judgement, or the combination of both  

o Tool: load-flow tool for PTDF-filtering  

o Input: merged grid model  

o Output: list of relevant branches  

Å initial load-flow calculations: using a market simulation output for the reference 

case, running year-round load-flow calculations (or for representative points in 

time)  

o Tool: load-flow tool  

o Input: results from market simulations, grid model  

o Output: initial flows before any power shift  
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Å PST optimisation: depending on the assessed border(s), 

optimisation PSTs for each hour 

o Tool: load-flow tool  

o Input: initial flow, PST parameter, grid model  

o Output: PST angles, new load-flows  

Å calculation of the maximum power shift (in N-1) 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: load-flow-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  

Å calculation of the difference of the maximum power shifts for each hour (or 

relevant PiT)  

o Tool: post-processing script 

o Input: maximum power shifts  

o hǳǘǇǳǘΥ ҟb¢/ ǇŜǊ ƘƻǳǊ όǿŜƛƎƘǘŜŘ ƛŦ tƛ¢ ŀǊŜ ǳǎŜŘύ  

Å ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ ŘǳǊŀǘƛƻƴ ŎǳǊǾŜǎ ŦƻǊ ҟb¢/ǎ  

o Tool: post-processing script  

o LƴǇǳǘΥ ҟb¢/ ǇŜǊ ƘƻǳǊΤ ƛŦ tƛ¢ are used, the weights of the PiT are 

required  

o Output: duration curve  

Å obtaining the value at the 70th percentile from each duration curve.  

o Tool: post process  

o Input: duration curve  

o hǳǘǇǳǘΥ ҟb¢/ ǘƻ ōŜ ǊŜǇƻǊǘŜŘ  
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5. Benefit indicators (B1 ς B9)  
This section delivers additional information in order to complement the 4th CBA 

Guideline with insights into the benefits assessment within the TYNDP 2024. All sections 

are directly linked to the respective sections within the 4th CBA Guideline. Even in 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 ς SEW (5.1 in CBA 4) 

Cross-border 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 using the generation cost approach or total 

surplus approach by applying two simulations with and without the project. Refer to the 

4th CBA Guideline for the general methodology and Section 3.2.2 in this document for 

the specific approach in TYNDP 2024. Internal projects can have significant cross-border 

impact as interconnection projects and/or can solve internal bottlenecks, leading to 

large internal benefits being obtained by reducing the redispatch cost generation. Their 

SEW must be calculated using the redispatch methodology by applying two simulations 

with and without the project.  

Method 1: Using market simulations  

For projects whose main impact is cross-boundary, such as interconnections and internal 

projects which affect the NTC between price zones, the assessment can be done using 

two market simulations:  

  

  

MS1: Market simulation without the project  

MS2: Market simulation with the project  

ҟMS: Difference between MS1 and MS2  
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Interconnection project  

 

MS1: Market simulation with NTC (= NTC initial) between bidding zones without the 

project. MS2Υ aŀǊƪŜǘ ǎƛƳǳƭŀǘƛƻƴ ǿƛǘƘ b¢/Ω όҐ b¢/initial Ҍ ɲb¢/project) between bidding 

zones with the project  

 

  

MS1: Market simulation without the storage 

project  MS2: Market simulation with the 

storage project Internal project: cross-border 

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.  

  

  

  

  

  

  

  

  

Storage project   

  

  

  

  

  

  

  














































































































































