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1. Introduction
20% RES by 2020 and 80-95% reduction in CO2 emissions by 2050, will 

require changes to and extensions of the electricity grid. 
The integration of fluctuating renewable electricity into the grid is a long-term 

task that requires major investments at European level. 
The objective of this study is to identify the energy network infrastructures 

needed up to 2050 taking into account:
• Different existing projections of renewable energy development. 
• Published infrastructure development priorities. 
• Infrastructure cost benefit analyses.
• Policy goals and existing legislation at EU level.
• Obstacles to grid-roll out.

Based on this thorough review a comprehensive set of policy 
recommendations is proposed addressing all the issues identified.



1. Key considerations
• Detailed cost benefit analysis on infrastructure projects necessary to 

define costs benefits bearers;
• Potential benefits and conflicts in relation to EU energy market 

integration, security of supply policies;
• Consider the environmental impact of new energy infrastructure without 

hindering its deployment;
• Various obstacles of social, economic, administrative nature need to be 

overcome;
• Policy makers will play a key role in ensuring that European electricity 

infrastructure is updated and energy goals met in the current economic 
situation.



1. EU fluctuating renewable energy sources

Offshore & onshore wind resources Solar irradiation



1. EU renewable energy sources

Geothermal resources Hydro power potential



1. Which changes do we need to expect?
• Transmission grid expansion is a powerful option to facilitate 

integration of renewable electricity by allowing for constant 
balancing of demand-supply even across long distances;

• Other options include: 
• Change of market design;
• Generation (supply side) management;
• Conversion of electricity into final energy for other uses;
• Demand response;
• Energy storage.



1. Conceptual Sketch of Different Options to 
Integrate Variable Generation

The order is system specific and cost increases are not parallel and linear as depicted in the figure.
Especially Demand Response and interconnections have multiple price levels.
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2. Obstacles to grid rollout



2. Economic Obstacles
Market 
distortions

Hurdles related to the transition phase between a fully 
regulated electricity market and a liberalized one

Cross-border 
issues

Problematic to properly allocate cost/benefit of 
infrastructure projects among different countries

Disincentives 
to invest 

Distribution System Operators (DSOs) find it difficult to 
recover costs of investment in new technologies

Lack of private 
financing 

Private investors are discouraged by burdening 
administrative procedures, uncertainties in future 
development and the regulatory system



2. Social obstacles
Environmental 
concerns

Harmful effect of high voltage line to surrounding 
environment

Health issues Local population concerned by the long-term effect of 
permanent exposure to electromagnetic fields (EMFs)

Negative impact 
landscape

Very strong opposition to new pylons as visual impact also 
reduces land value for property owners

Behavioral 
change

Consumers’ reaction to major changes in the energy 
system is unknown



2. Administrative obstacles
National 
Regulation

Lack of harmonized regulatory system at the European 
level 

Permitting 
procedures

Very long and difficult process to acquire the necessary 
permits 

Grid access Grid infrastructure develops at a slower pace than RES 
production capacity

Environmental 
impact assessment 

EIA hinder project development by being too detailed 
and costly 

Network code Current system of network code is not in line with RES 
production technology



3. Objectives of Cost Benefit Analyses
• Results of infrastructure cost benefit analyses should 

• guide selection of investments, and 
• guide allocation of costs to all stakeholders.

• Cost Benefit Analyses cover all objectives of infrastructure  
extensions, not only RES integration.



3. Drivers for Investments in Grid Extensions

Three major drivers for grid 
extensions:

SoS = Security of Supply
RES = Renewable Energy 
Sources
IEM = Integration of Electricity 
Markets

Source: ENTSO-E “TYNDP 2010”



3. Infrastructure Aspects
• Four types of infrastructure allow for enhancing the grid integration 

of RES:
• Grid extension,
• Storage,
• Demand Response,
• Supply Side Management.

• Infrastructure life in general spans several decades.
• Grid extensions take a decade to implement, or even more.



3. Uncertainties
• Costs and benefits are difficult to determine with certainty.
• There are benefits of a non-economic nature.
• Results are sensitive to underlying parameters, e.g. 

• Fuel prices, 
• Costs of transmission investments, 
• Value of system security, 
• Operating conditions, etc.,

Parameters are highly uncertain in the long term. 
Parameter interactions are complex.

• More reliable estimates can be achieved if the uncertainty is 
acknowledged and the analysis includes multiple scenarios.

• This would allow making robust investment decisions that are 
sensible in any of the scenarios deemed probable at the time when 
reinforcements are to be decided.



3. Main Benefits
Increase in the efficiency of the use of RES generation by shifting RES 

electricity production or demand across areas in the region, and in time;
Reduction of system operation costs by allowing the dispatch of more 

efficient generators in one area instead of less efficient units in another;
Increase in the level of competition among power producers by increasing 

the size of the relevant market; 
Increase in the level of supply security thanks to the diversification of the 

available sources of primary energy;
Increase in the robustness of the resulting market achieved through the 

sharing of regulation reserves;
Increase in the level of demand side participation due to the increase in the 

number of potential suppliers (including “prosumers”);
Increase in the efficiency of the use of energy storage facilities;
Potential increase in the size and efficiency of new generators due to the 

increase in the size of the market. 



3. Results Infrastructure Cost Benefit Analyses
• Costs incurred when building and operating infrastructure will probably be 

significantly lower than benefits obtained from them.
• However, accurately computing benefits is very relevant for deciding 

between alternative infrastructure investment projects.
• Infrastructure investments may bring about substantial benefits beyond the 

expected increase of renewable energy in the system.
• Benefits will not be distributed equally across borders and stakeholders. 

The allocation of costs according to the expected benefits will be important 
for project approval by all stakeholders.



4. Share of variable renewables in 2020 
based on NREAP data
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4. Evaluation of Proposed Priorities
• Research performed so far is inconclusive on whether the prioritisations in 

the European Infrastructure Package proposal and the TYNDP 2010 are 
optimal.

• The Pilot TYNDP 2010 is based on a bottom-up approach whereas 
prioritisation should be based on a top-down approach, which would reveal 
the relative merits of different projects. This work is on going.

• Article 12 of the recently proposed European Infrastructure Package 
stipulates that ENTSO-E should prepare a “methodology for a harmonised 
energy system-wide cost-benefit analysis at Union-wide level for projects of 
common interest”. Under the supervision of the EC and ACER, this 
methodology will be applied to forthcoming TYNDPs. 

• It is ambitious to expect ENTSO-E to submit its methodology only one 
month after the entry into force of the proposed Regulation.

• ENTSO-E has launched the Modular Development Plan on pan-European 
Electricity Highways System 2050 (MoDPEHS); 2012-2014/15.



4. Share of variable RES (green) and hydro (blue), 
and cross-border net transfer capacities winter 2010/11



4. Planned interconnection lines between 2010 and 
2020 based on ENTSO-E TYNDP 2010 



4. Interconnection lines in 2020 based on 
ENTSO-E TYNDP 2010, RES based on NREAPs



4. Research Requirements
• Top-down transmission system planning is required taking uncertainties 

into account. 
• More innovative transmission solution alternatives, such as supergrids and 

offshore grids, ought to be studied intensively. 
• Analyses of future transmission needs should include at least hourly time 

series for variable generation, which are lacking at European level.
• They should incorporate other options to mitigate the impacts of 

increasing variable generation, e.g. demand response (including electric 
heating and cooling), flexible conventional generation, electricity storage, 
including at the distribution grid level.

• RES integration studies carried out at pan-European level should be done 
with strong participation by TSOs or ENTSO-E, and technical network 
calculations with detailed network models, taking into account the physical 
aspects setting limitations, challenges, or even imposing problems to the 
power system.



4. Recommendations
• RES-associated infrastructure may exhibit a high level of substitutability – 

costs / benefits of alternatives should be compared.
• Multiple scenarios need to be included in the cost / benefit analyses of 

infrastructure priorities. Future scenario calculations commissioned by the 
European Institutions should publish far more details.

• Prioritisation for 2020 should include a longer-term view, as the needs of 
post 2020 should affect what is planned and built before 2020.

• The infrastructure investments are long-term and 
have very high costs. Use of well-organised research 
efforts with robust methods is advisable.

• Integration of Scandinavian hydro power into the European 
electricity market is a mid to long term option requiring 
sufficient transmission capacity. 

• More electricity storage in other regions of Europe 
is required, also at the distribution grid level.



5. Further Recommendations
a. Cross-cutting issues
b. Harmonisation of markets
c. Nature protection
d. Technology development
e. Electric mobility



5a. Cross-cutting issues 
• Roadmap for moving to a competitive low carbon economy in 2050: 

interim targets are important!
• Strategic reserves: large scale and long term storage facilities for 

energy from renewable sources!
• “Smart” elements in energy infrastructure: analyse possibilities for 

failures, accidents and attacks comprehensively.
• Integration of fluctuating renewables requires extensions of:

• Trans-border interconnections;
• National transmission grids;
• Distribution grids.

• Wind power can overburden transmission grids, possibly relieved by 
large-scale storage; solar PV can overburden distribution grids 
possibly relieved by decentralised storage. 

• Keep EU regulation related to energy storage technology-open.



5b. Harmonisation of markets
• National authorities seem reluctant to lose part of the control exerted 

over their respective national markets, a development that is nonetheless a 
pre-requisite for the efficient operation of a pan-European system.

• Change of market design and procurement of system services, e.g. 
shorter gate closure times, dynamic reserve allocation, ancillary services 
also from variable generation, etc.

• Harmonisation of regulated charges.
• Integration of balancing markets.
• Inclusion of demand response in the market design.
• Combining resource use planning and transmission planning.
• Adequate financial and human resources for ACER.
• The transposition of the market integration measures of the Third Energy 

Package need to be closely monitored.
• Capacity mechanisms in the generation market should have second 

priority after infrastructure measures.



5c. Nature protection 
• Conflicts of renewable energy infrastructure with nature protection may 

increase from the currently low level.
• Strategies to avoid conflicts include:

• Energy efficiency, reducing the amount of transmission lines needed;
• Technical improvements including underground cables.
• Early spatial planning and site selection based on improved 

ecological survey data.
• Capacity building for better application of existing legislation, 

regulations and good practices.
• Improved transparency and scientific conduct for the “appropriate 

assessments” of new projects (Article 6 of the Habitats Directive).
• The Natura 2000 Network sets a solid framework for the reconciliation of 

economic activities with environmental objectives.



5d. Technology Development
• Regional policy, state aid policy and especially public procurement, 

should be exploited to boost the deployment of low-carbon technologies 
coherent with the Strategic Energy Technology (SET) Plan priorities.

• RD&D of a smarter electricity grid requires a higher degree of technical 
and research coordination in the EU, and tackling market failures and 
distortions.

• The broad set of energy storage options available at different 
development stages will benefit from enhanced RD&D.

• Grid technologies are commercially available. Nonetheless, new 
technologies are still being developed, notably HVDC technologies for 
deployment of offshore grids or meshed “supergrids”.

• Technical obstacles to the integration of fluctuating renewables into the grid 
are not perceived as major problems. 



5e. Electric Mobility
• E-Mobility includes battery electric vehicles (BEV) as well as hydrogen 

fuel cell electric vehicles (FCEV).
• Co-ordinated or “smart” recharging of BEV can enhance RES 

integration, and is required to prevent system overload.
• Regulatory frameworks should ensure that

• BEVs are connected to the grid whenever possible,
• Communication protocols are interoperable,
• Data security and privacy are fully maintained,
• Participation in the electricity market provides for remuneration of this.

• Power-to-gas production – hydrogen (H2 ) / synthesised methane (SNG)
• Grid balancing during fuel production, 
• Storage of electricity as a fuel for use in the transport sector, 
• Re-electrification of gas to increase energy supply security.

• Infrastructure build-up: Trans European Network for Transport (TEN-T)
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Main actors
Network 
operators

Ensure reliable high voltage network (TSOs) and the 
upgrade of the lower voltage distribution lines (DSOs).

Energy 
suppliers

Apply business models and customer services adapted to 
the new system and RES production

ICT companies Information and Communication Technology companies 
will be involved in providing new technologies

Investors European Investment Bank (EIB) currently the largest, 
private investors are expected to contribute in the future

Energy 
regulators

Define appropriately the mechanism of interaction between 
network operators and other actors. 

European 
Institutions

Setting clear and long-term goals in the energy field and 
coordinating planning of European projects to avoid 
overlapping.



Comparison of full costs for storage systems for long 
term storage (‘week storage’) in the high-voltage grid



Comparison of full costs for storage systems for peak- 
shaving in the medium-voltage grid



Comparison of full costs for storage systems for peak- 
shaving and load-levelling in the low-voltage grid



Interconnection Priorities
• Interconnection priorities until 2020 are illustrated in the Pilot Ten Year 

Network Development Plan presented by ENTSO-E in 2010. 
• The next Ten Year Network Development Plan (TYNDP) is expected for 

spring 2012.
• The proposed Regulations for the European Infrastructure Package 

would prioritise cross-border projects supporting 
• North-South transfers in Western Europe,
• North-South transfers in  Eastern Europe,
• the Northern Seas offshore grid, and 
• the Baltic Energy Market Interconnection.



Interconnection Priorities (2)
• North-South transfers in Western Europe

• Belgium, France, Germany, Ireland, Italy, Luxembourg, Netherlands, 
Malta, Portugal, Spain, United Kingdom,

• for balancing offshore wind in the North with solar energy in the South, 
including from Mediterranean third countries,

• North-South transfers in Eastern Europe
• Austria, Bulgaria, Czech Republic, Cyprus, Germany, Greece, Hungary, 

Italy, Poland, Romania, Slovakia, Slovenia,
• the Northern Seas offshore grid

• Belgium, Denmark, France, Germany, Ireland, Luxemburg, Netherlands, 
Sweden, United Kingdom,

• for offshore wind and balancing with Nordic reservoir hydro power, 
• the Baltic Energy Market Interconnection.

• Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, 
Sweden.



Financing
• The proposed European Infrastructure Package prioritises cross-border 

projects of common interest according to Article 171 TFEU.
• The Connecting Europe Facility is a new integrated instrument for 

investing in EU infrastructure priorities in Transport, Energy and ICT.
• Investment levels for electricity infrastructure are increasing.
• The European Investment Bank is currently the most important source of 

financing for energy infrastructure projects. 
• The level of private investment should be enhanced. 
• Many TSOs are still state-owned or vertically integrated, lack a valuable 

stand-alone credit rating, and do not have the possibility to issue 
corporate bonds.



Financing (2)
• A reduction in the risk level for investors, inter alia by promoting the 

harmonisation and simplification of regulatory standards at the European 
level, is necessary. 

• The Project Bond Initiative (PBI) aims at creating suitable financial 
instruments for the financing of long-term infrastructure projects.

• Entitling stakeholders to a higher rate of return for projects of common 
interest within a system of “priority premiums” should be considered.



Subordinated Project Bonds Instruments
3 elements:

projects bonds (senior tranche)

guarantee (“EIB Sub-debt”, 
subordinate tranche), 
loans from the EIB and other 
financers (equity and quasi- 
equity) similar to the RSFF and 
LGTT 
(Loan Guarantee for TEN-T projects)
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