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0 Executive summary 

0.1 ENTSO-E delivers the TYNDP 2014 package  

The European Network of Transmission System Operators for Electricity (ENTSO-E) provides herewith 
the 2014 release of the community-wide Ten-Year Network Development Plan (TYNDP). 

This publication meets the requirements of Regulation EC 714/2009; whereby “ENTSO-E shall adopt a 
non-binding Community-wide 10 year network development plan”. However, with each TYNDP release,  
ENTSO-E widens the scope and goals of the report based on wider and growing interest from 
stakeholders.  

Grid development is a vital instrument in achieving European energy objectives, such as security of 
supply across Europe, sustainable development of the energy system with renewable energy source (RES) 
integration and affordable energy for European consumers through market integration. As a community-
wide report, the TYNDP contributes to these goals and provides the central reference point for European 
electricity grid development.Together with this report, the 6 Regional Investment Plans and the Scenario 
Outlook and Adequacy Forecast 2014-2030 outline, in more granular detail, the various investment needs 
for pan-European grid development in the coming future.  

  

0.2 Reg (EU) 347/2013 sets a new role for the TYNDP 

The formal role of the TYNDP in European electricity system development is further strengthened via 
Regulation (EU) 347/2013, in force since April 2013, through which the ENTSO-E TYNDP is mandated 
as the sole instrument for the selection of Projects of Common Interest (PCIs). 

ENTSO-E has anticipated this new regulation in order to foster its implementation. In close collaboration 
with ACER, ENTSOG and many stakeholders, ENTSO-E designed and consulted the Cost Benefit 
Analysis (CBA) for the assessment of PCIs, and submitted it to ACER for their opinion. Member States 
and the EC are being consulted for their comments, with the final documents expected at the end of 2014. 
In parallel, this new methodology has also been tested within the current TYNDP 2014.  

The benefits of projects of pan-European significance, whether from transmission system operators (TSOs) 
or by non-ENTSO-E member promoters, including storage projects, are all quantified accordingly in the 
current report. 

0.3 Active stakeholder contribution to the TYNDP 2014  

ENTSO-E strongly encourages and factors in stakeholder involvement to the TYNDP process. During 
the two-year development period, ENTSO-E both provided information and sought input from stakeholders 
during several phases of the process via 17 European and regional public workshops, 6 public web 
consultations and numerous requests for contributions and bilateral meetings1.  

                                                 
 
 
 
 
1 https://www.ENTSO-E.eu/major-projects/ten-year-network-development-plan/tyndp-2014/stakeholder-interaction/ 
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Additionally, a Long-Term Network Development Stakeholder Group was created, gathering European 
stakeholder organisations to provide views on related long-term grid development issues2. The scenarios 
and the CBA methodology reflect the very valuable input collected within this framework. 

Lastly, 33 non-ENTSO-E member promoters completed transmission and storage project submissions for 
assessment.  

 

0.4 The TYNDP 2014 is the product of a rigorous 2-year process  

 
Figure 0-1 Overview of the TYNDP 2014 process 

ENTSO-E strives to improve both the TYNDP process and content with each release. Improvements 
were based on stakeholder feedback either from the previous release, during the preparation of the TYNDP 
2014 and/or in anticipation of the Energy Infrastructure Regulation (EU) 347/2013 implementation. The 
TYNDP 2014 incorporates significant improvements, such as the construction and exploration of longer-
run scenarios, more refined methodologies and enriched results. 

                                                 
 
 
 
 
2 https://www.ENTSO-E.eu/major-projects/ten-year-network-development-plan/tyndp-2014/long-term-network-
development-stakeholder-group/ 
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0.5 What is new in the TYNDP 2014? 

The TYNDP is a continuously evolving process that began with the pilot TYNDP published in June 2010 
ahead of the entry into force of Regulation (EU) 714/2009. New features of the TYNDP 2014 are: 

- The exploration of a longer-run horizon beyond the 10-year scope through to 2030, applied to 
four contrasting “Visions”, encompassing the possible futures that stakeholders have requested 
ENTSO-E to consider. 

- New clustering rules to define projects of pan-European significance, focusing on the core 
investment items (Other regionally significant supporting investments are presented in the 
respective Regional Investment Plans). 

- A numerical quantification of every project’s benefit assessment according to the consulted 
CBA methodology, with refined definitions for security of supply, RES integration, socio-
economic welfare, resilience, flexibility and robustness, and social and environmental 
indicators. 

- A synthetic appraisal of the interconnection target capacities in the different scenarios. 

- Easier and more frequent opportunities for stakeholder participation, particularly for non-
ENTSO-E member transmission or storage project promoters. 

For the TYNDP 2014, ENTSO-E has also improved the study tools and process to speed up and 
strengthen data collection, model calibration, consistency checks and the merging of pan-European and 
regional results. The quality of the integrated market and network modelling relies on the knowledge of all 
the specific features of every local power system in Europe, a detailed grid description, and the resulting 
ability to master and aptly cut through numerous parameters of high uncertainty. Thus, more than 100 grid 
concerns and investment projects from across Europe have been investigated within the limited timeframe 
of 2 years. 

Overall, the TYNDP 2014 presents a more holistic view of grid development, combining power 
transmission issues with environmental and resilience concerns.  

0.6 The TYNDP 2014 explores a large spectrum of possible 2030 outcomes 

The TYNDP 2014’s analysis is based on extensive exploration of 
the 2030 horizon. The year 2030 provides a bridge between the 
European energy targets for 2020 and 2050. This choice was based 
on stakeholder preference for a large scope of credible contrasting 
longer-run scenarios rather than a more limited number on the 
intermediate horizon of 2020. 

The basis for the TYNDP 2014 analysis is four 2030 Visions. The Visions are not so much forecasts of 
the future, but rather plausible future states selected as wide-ranging possible alternatives. This ensures that 
the selected pathway actually falls within the range described by the Visions with a high level of certainty. 
The span of the four Visions is large to meet the various stakeholder expectations. The Visions mainly 
differ with respect to:  

- The trajectory towards the Energy Roadmap 2050: Visions 3 and 4 maintain a regular pace 
from now until 2050, whereas Visions 1 and 2 assume a slower start before an acceleration 
after 2030. Fuel and CO2 prices favour coal (resp. gas) in Visions 1 and 2 (resp. Visions 3 and 
4).  
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- Consistency of the generation mix development strategy: Visions 1 and 3 build from bottom-
up, based upon each country’s energy policies but still with a harmonised approach across 
Europe, whilst Visions 2 and 4 assume a consistent top-down pan-European approach.  

 
Figure 0-2 4 2030 Visions 

All the scenarios assume significant RES generation development (supplying 40% to 60% of the total 
annual demand, depending on the Vision) paired with a huge reduction in CO2 emissions (-40% to -80% 
compared to 1990). One will also remark that the main outputs for Vision 1 and Vision 2 appear similar at 
the pan-European level, although the breakdown per country shows differences.  

0.7  The TYNDP 2014 confirms and enriches the key findings of the TYNDP 2012 

The TYNDP 2012 analysed the first steps towards an energy transition by 2020 characterised by large 
increases in RES development. The TYNDP 2014 confirms and completes these trends identified in 2012 
through to 2030. The key findings of TYNDP 2014 are summed up below. 

The €150 billion grid expansion proposed by the TYNDP 2014brings significant positive economic 
and environmental impact. The enhanced market integration will reduce bulk power prices by 2 to 5 
€/MWh, enable the mitigation of 20% of power sector CO2 emissions by 2030 and enable the expected 
major shift in the generation pattern due to increase in RES. This will be achieved with only a limited 
percentage of the proposed projects (<8%) crossing protected and urbanised areas. More details are 
provided below. 

0.7.1 RES development is the major driver for grid development until 2030 
The generation fleet will experience a major shift by 2030, with the replacement of much of the existing 
capacities with new ones, most likely located differently and farther from load centres, and involving high 
RES development. This transformation of the generation infrastructure is the major challenge for the 
high voltage grid, which must be adapted accordingly.  
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Local smart grid development will help to increase energy efficiency and improve local balance between 
generation and load. Nevertheless, ENTSO-E forecasts larger, more volatile power flows, over larger 
distances across Europe; mostly North-South driven by this energy transition, characterized by the 
increasing importance of RES development. The power flows are therefore very large in Vision 3 and 4. 

The vast majority of the proposed investments address RES integration issues, either where direct 
connection of RES is required, or because the network section or corridor is a key-hole between RES and 
load centres.  

Projects of pan-European significance help avoid 30 to 100 TWh of RES spillage globally, reducing it to 
less than 1% of the total supply. Liquidity in power markets will thus be enhanced, thereby limiting the 
volatility of prices. 

0.7.2 About 100 major investment needs 
The TYNDP 2014 explores the evolution of the electricity system 
until 2030 in order to identify potential system development issues 
and to be able to address these proactively. 

The TYNDP 2014 pinpoints about 100 spots on the European 
grid where bottlenecks exist or may develop in the future if 
reinforcement solutions are not implemented. The magnitude of the 
power flows across these sections of the grid essentially increases 
from Vision 1 to Vision 4, matching the higher RES development. 

The most critical area of concern is the stronger market integration to mainland Europe of the four 
main “electric peninsulas” in Europe. The Baltic States have a specific security of supply issue, requiring 
a stronger interconnection with other EU countries. Spain with Portugal, Ireland with Great Britain, and 
Italy show a similar pattern. These are all large systems (50-70 GW peak load) supplying densely populated 
areas with high RES development prospects, and as such, they require increasing interconnection capacity 
to enable the development of wind and solar generation.  

Transporting the power generated along the shores of the North Sea to major load centres in the respective 
coastal states also triggers a significant investment need by 2030. 

The scope of the TYNDP methodology would need to be widened considerably to fully analyse the benefits 
of grid investments regarding security of supply. Through the construction of the scenarios, the four 
Visions assume that generation is sufficient to balance load in all countries, i.e. addressing at a macroscopic 
level, security of supply concerns. In case the assumed generation mix develops more slowly, tensions may 
appear on the power supply, but this intermediary period is still to be investigated and the corresponding 
hedging benefits of transmission projects is not measured here.  

Additionally, a project may well be critical to ensure security of supply locally, but the TYNDP focuses 
specifically on the pan-European level. As a result, security of supply may not always be reported as a 
primary driver for some projects of pan-European significance included in the TYNDP. An example is the 
North-South transmission corridors within Germany, which do deliver local security of supply benefits. 

0.7.3 Interconnection capacity must double on average throughout Europe 
Driven by RES development concentrated at a distance from load centres, and allowing for the required 
market integration, interconnection capacities should double on average by 2030. Discrepancies are 
however high between the different countries and Visions.  
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In particular, capacity between the Iberian Peninsula and mainland Europe should increase from 1 GW to 
more than 10 GW in Vision 4 compared to the 2013 situation, whilst the interconnection capacity between 
the three Baltic States and their EU neighbours is predicted to multiply by three in all Visions. Between 
Ireland, Great Britain and the continent, the present 3 GW capacity is also expected to increase, at least 
doubling in Vision 1 and possibly multiplying by more than three in Vision 3 and Vision 4 for higher RES 
integration. 

0.7.4 Investment needs call for appropriate grid reinforcement solutions, adapted to each specific 
situation 

To successfully deliver all investment needs, TSOs have proposed appropriate grid reinforcement solutions 
adapted to each specific situation.  

The complete grid modelling enables an accurate appraisal of every bottleneck and allows the design of the 
most appropriate solution. As a result, a large range of available technologies is implemented. In about 10 
%% of cases, the upgrade of existing overhead lines should prove sufficient to achieve the required capacity 
increase, with a limited impact on crossed areas.  

Conversely, DC technology is required  for over-sea connections. In certain limited situations, DC 
technology is also resorted to onshore, or to transport large amounts of energy through new interconnection 
corridors. These DC lines set new operating challenges that TSOs are currently analysing, to deliver both 
the safe operation of parallel AC and DC assets, and to coordinate and optimise the use of several DC links 
to create an offshore grid across the Northern seas. 

 
Figure 0-3 TYNDP 2014 investment portfolio - breakdown per technology 
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Project designs are thus built on cutting-edge technologies, some of which are demonstrators of new 
technology and world firsts. For instance, the largest DC VSC equipment, the longest AC cable route, DC 
and AC parallel operation, etc.  In addition to the proposed extra high voltage investments, TSOs also 
actively contribute to the development of smart grids3: the latest electronic tools and IT systems, which help 
optimise the operation of existing assets, in particular to monitor, forecast and control distributed RES and 
load management.  

  

                                                 
 
 
 
 
3 See ENTSO-E R&D Plan 
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0.7.5 €150 billion of investment by 2030, with a positive effect on European social economic welfare  
Total investment costs for the portfolio of projects of pan-European significance amount to 
approximately €150 billion, of which €50 billion relates to subsea cables.  

These figures are in line with the previous TYNDP 2012, although the horizon has shifted from 2020 to 
2030. (These projects of pan-European significance must also however be complemented at regional or 
national levels to achieve overall consistent development of the entire energy system.) 

This effort represents very significant financial engagement for TSOs. However, it only represents 
about 1.5-2 €/MWh of power consumption in Europe, i.e. about 2% of the bulk power prices or 
approximately 1% of the total electricity bill. 

Meanwhile, through the implementation of projects of pan-European significance, the increased market 
integration leads to an overall levelling of electricity prices in Europe, mitigating electricity prices on 
average from 2 (in Vision 1) to 5 €/MWh (in Vision 4). 

Investing in the project portfolio generally represents a payback after 20 years in the worst-case scenario. 
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0.7.6 The project portfolio has a positive environmental impact 
The electricity grid has an indirect, but essential positive effect on CO2 emissions as it is a prerequisite to 
the implementation of clean generation technologies. By either directly connecting RES, avoiding spillage 
or enabling more climate-friendly units to run, the TYNDP project portfolio contributes directly to 
approximately 20% of the CO2 decrease by 2030. 

Grid extensions foreseen in the TYNDP represent an increase in the total network length of 1%/yr. This 
figure is relatively low when compared to the 3% to 5%/yr generation capacity growth rate. Moreover, one 
third of these new grid assets are subsea and about 10% are upgrades of existing equipment.  

TSOs optimise the routes to avoid interference with urbanised or protected areas as much as possible. In 
densely populated countries or where a significant share of the land is protected, such as Belgium or 
Germany, this presents a real challenge. Globally however, the cross-urbanised (resp. protected) areas of 
TYNDP projects account for less than 4% (resp. 8%) of the total routes, i.e. less than 2000 km (resp. 
4000 km).  

Transmission losses are not expected to vary significantly in the coming 15 years with the implementation 
of the TYNDP, as multiple effects will neutralise each other. On the one hand, building new transmission 
facilities or shifting voltage levels upwards reduces the overall resistance of the network; and on the other 
hand, the relocation of generation facilities further from load centres, specifically for wind or hydro energy, 
increases the transmission distance. 

Projects of pan-European significance are hence key to making the European energy transition possible, 
with a positive impact on the environment and minimum residual effect. 

0.7.7 The resilience of the project portfolio opens a large choice of options to fulfil European 
energy policy goals  

Thousands of market situations considering all hazards that may affect the power system have been 
simulated and processed for the TYNDP 2014. Both frequent and rare situations, resulting in particularly 
extreme flow patterns, were then identified for further analysis in order to test the grid’s ability to withstand 
these and define if necessary, required rectification measures. Typical situations are peak loads in winter or 
summer, with extreme but likely low or high wind/solar generation.  

These thorough investigations were carried out for all four contrasting Visions up to 2030. 

Thus, TSOs can ensure the proposed investments are well adapted and robust. The previously 
proposed grid investments from the TYNDP 2012 remain valid; the only exceptions are a small number 
projects that were in a very early phase in 2012 that have since proved technically unfeasible, and so have 
been substituted with other prospects. 

The proposed projects reflect most of the investment needs. Conversely, some additional reinforcements to 
cover investment needs specific to the most ambitious scenarios of RES development by 2030 are yet to be 
designed.  

The set of projects of pan-European significance is still to be completed in order to meet the energy 
revolution proposed in Vision 4. Validated only in October 2013, Vision 4 could be used only to assess the 
portfolio of already identified projects. Investigation of investment needs in this Vision requires additional 
input and feedback from stakeholders (notably, more precise location of generation) so that a more 
comprehensive picture of the grid infrastructure can be supplied.  

Such interaction and continuous adaptation is normal, considering uncertainties regarding the realisation of 
the challenging transformation of the generation mix or the interconnection of Europe with Africa or 
Russia. The following map summarises the situation in this respect: the boundaries where the project 
portfolio is sufficient to cover the target capacity in all Visions are shown in green, those in no Vision are in 
red, and others are in orange. 
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Figure 0-4 Transmission adequacy by 2030 

Where boundaries are orange or red, the Plan may require additional development. However, all the listed 
projects are prerequisite and in this respect, the project portfolio shows strong resilience. The TYNDP thus 
paves the way for the implementation of the 2050 European energy goals. 
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It should be noted that the present project assessment refers predominantly to steady state analyses. 
Dynamic system behaviour under severe contingencies (particularly frequency stability) may be subject to 
complementary studies. Larger, more volatile over longer distances transit flows will trigger new technical 
challenges regarding system operation (frequency control, reserve management, voltage control...). 

 

0.8 The preparation of the TYNDP 2016 is already underway  

0.8.1 Through the TYNDP 2014, ENTSO-E supports the EIP implementation  
With the late finalisation of the scenarios, the CBA methodology and non-ENTSO-E member project 
submissions in Q3 2013, completing the TYNDP 2014 for consultation by summer 2014 was a challenge. 
The timely delivery of the TYNDP 2014 is awaited as an important input to the EIP process: with a 
systematic assessment now available for all transmission and storage PCIs, in time for the elaboration of the 
second PCI list in 2015. 

0.8.2 The TYNDP methodology continues to evolve and improve 
For future TYNDPs and assessments, ENTSO-E and all interested stakeholders will continue the 
evolution of the CBA to better match the needs of decision makers.  

In particular, it is foreseen that the current methodology be improved with respect to the so-called 
“capacity” value of assets (compared to the “energy” value). Storage projects in particular, bring great 
capacity and flexibility to the power system, and this will be better reflected in future assessments. 

Additionally, as mentioned above, the larger transit flows that are more volatile over longer distances will 
trigger new technical challenges regarding system operation (frequency control, reserve management, 
voltage control, etc.). New dynamic operating concerns will thus require specific studies to anticipate 
potential risks. 

Finally, the TYNDP 2016 will continue to build on the findings of the e-Highways project led by ENTSO-
E, further depicting the path to the 2050 master plan. 

0.9 Successful energy transition requires the grid, and the grid requires 
everyone’s support  

A major challenge is that grid development may not be completed in time to meet the planned RES 
target requirements by 2030. At present, many stakeholders support grid development to facilitate the 
changes within the energy system; while those stakeholders directly impacted by proximity to new lines or 
new plants show a lower level of acceptance for the new infrastructure. This lack of acceptance, in 
addition to lengthy permit granting procedures regularly result in commissioning delays. Most of the 
projects featured in the TYNDP 2014 that have entered the permitting process have thus experienced 
delays. 

If energy and climate objectives are to be achieved, it is of utmost importance to smooth 
authorisation processes and gain active political support on all levels. In this respect, ENTSO-E 
welcomes Regulation 347/2013, which features many positive elements regarding the permitting process, 
which will facilitate the fast tracking of transmission infrastructure projects, including proposals on one-
stop-shops and defined timelines.  
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More thorough analysis is however required to ensure the measure can be successfully implemented, in 
particular in relation to whether the timelines proposed are achievable, notably in the context of the public 
participation process and the potential for legal delays. It is also important to note that the supporting 
schemes are limited to the Projects of Common Interest, while there are many significant national 
transmission projects, which are equally crucial to the achievement of Europe’s targets for climate change, 
renewable energy and market integration. 

Finally, a stable regulatory framework is also essential to ensure that grid reinforcement is completed 
on time. Although grid projects prove beneficial for the European community as a whole, with a net 
reduction of the power supply costs, they represent large investments and financing still remains an issue 
for TSOs in times of limited public finances. Thus, securing investment plans is key for success. 
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