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1 Project-specific cost-benefit analysis (CBA) 

This section sets out the key inputs into the AQUIND project-specific cost-benefit analysis (CBA). The 
CBA is the basis for the assessment of country-specific impacts and provides justification for the 
AQUIND exemption application. In this section, we provide:  

 an overview of the benefits of increased interconnection between GB and France; 

 a description of the economic dispatch model, used to derive net benefits to producers, 
consumers, and interconnectors; 

 a description of the Project costs; 

 an overview of the Project’s welfare impacts, including both monetised and additional non-
monetised benefits; and 

 a cost-benefit analysis summary of the project, including net national impacts.  

1.1 Introduction: drivers of increased interconnection 
AQUIND Interconnector will significantly increase the cross-border capacity between GB and France 
delivering an additional 2000MW of capacity to the congested GB-French border.  The Project, which 
will be owned and operated by AQUIND, will be the largest GB interconnector built since IFA in the 
1980s. 

AQUIND will represent a significant step towards full market integration between GB and mainland 
Europe and will deliver considerable benefits to GB, France and Europe.  

In its 2018 decision on AQUIND’s first exemption application, ACER noted that interconnection of up 
to 8 to 9 GW would be socially beneficial on the GB-France border. GB and France have fundamentally 
different installed generation mixes, even though both markets are expected to have an increasing 
proportion of renewable generation in the total installed capacity in the future. Greater 
interconnection creates significant security of supply benefits and reduces the need for additional 
investments in firm capacity in both markets. Structural price differences currently exist (and are 
expected to persist) between the two markets which are driven primarily by differing installed capacity 
mix, but also by other differences such as the French and GB capacity markets, different approaches 
to renewable generation support, and different carbon prices.  

Cross-border trade is a key pillar of the European Third Package suite of legislation – a key building 
block of the European Electricity Target Model (ETM).  The allocation of capacity via AQUIND will 
increase opportunities for existing and new market participants to trade across the GB-French border. 

The pipeline of planned GB-French interconnector projects has increased since 2013 following the 
confirmation of the GB Cap and Floor regime. Even with planned investment, GB interconnection is 
still below other European countries. 

Overall, the introduction of AQUIND Interconnector can deliver a range of benefits. The monetised 
benefits include: 

 Increase in European social welfare by approximately €1.3bn in present value terms; 

 Increase in French social welfare by approximately €1bn (AQUIND Market Scenario) when 
the costs and benefits of the AQUIND interconnector are excluded;1 

                                                           
1 The cost-benefit analysis for France alone should exclude all costs and benefits that relate to other countries 
and/or to third parties such as AQUIND. This is because under an exemption regarding the Use of Revenues, 
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 Increase in security and diversity of supply in France; and  

 Integration of renewables and achieving national decarbonisation targets in France. 

AQUIND Interconnector also brings a number of additional, at this stage non-monetised, benefits: 

 Enhanced competition including competition for interconnector capacity;  

 Achieving European market integration as a policy objective; and  

 Flexibility and provision of system services to the national TSOs. 

In this section we first summarize our assumptions and methodology for the CBA (Section 1.2). We 
then present AQUIND Interconnector project costs and welfare impacts (Section 1.3 and 1.4). Finally, 
we present the summary of CBA results across Europe and by individual country (Section 1.5). 

1.2 Methodology, assumptions and approach 

The AQUIND TYNDP modelling approach replicates the ENTSO-E 2018 modelling for the TYNDP. The 
modelling includes the three main TYNDP scenarios: Sustainable Transition (“ST”), Distributed 
Generation (“DG”) and EUCO covering spot years 2025, 2030 and 2040 (except for EUCO). Only DG 
scenario is expected to be used by the European Commission for the purposes of the assessment of 
projects – candidates for the 4th PCI list.  

AQUIND replicated TYNDP 2018 analysis as closely as practically possible (modelling methodology is 
further explained in this exemption application) to obtain the necessary level of details of the outputs 
of such modelling. The outcome of the AQUIND TYNDP analysis shows that the AQUIND modelling 
approach is closely aligned with ENTSO-E’s approach used for the TYNDP. Our conclusion from the 
TYNDP modelling exercise is that it validates the modelling approach and framework used in this CBA. 
To replicate the TYNDP analysis, the project team used the ENTSO-E TYNDP 2018 modelling 
assumptions. Where specific modelling assumptions were not available, or sufficiently detailed, 
additional assumptions have been made and recorded. 

While AQUIND’s modelling of the TYNDP scenarios serves as a validation exercise of the CBA modelling 
for the exemption application, AQUIND has developed a more detailed set of assumptions which 
represent a central view of how European power markets are expected to evolve in the future, referred 
to as the Market Scenario (“AQUIND Market Scenario”). AQUIND has therefore also modelled the 
socio-economic welfare (“SEW”) of the Project under the AQUIND Market Scenario. The AQUIND 
Market Scenario includes a number of differences and additions to the TYNDP, making it a more 
comprehensive and robust scenario for this assessment. The AQUIND Market Scenario represents a 
more up-to-date and comprehensive view of the evolution of European power markets, while 
maintaining consistency with the base TYNDP assumptions. 

Overall, we believe that the AQUIND Market Scenario represents a more plausible scenario of the likely 
evolution of the electricity markets in GB, France and Europe over the next 25 years. It is based on a 
more recent data relative to the TYNDP and provides a robust approach to modelling the development 
of the generation mix across Europe, consistent with the underlying profitability of different plants.. 
Table 1-1 provides a summary of the key modelling additions, included in the AQUIND Market Scenario 
(compared to the TYNDP) for the purposes of the AQUIND Interconnector project-specific CBA.  

                                                           
French stakeholders to not bear any costs, nor receive any revenues, related to the interconnector. For the 
avoidance of doubt, any revenues, above a pre-agreed threshold, that may be shared by AQUIND with French 
network users, would be included in the CBA. 
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incurred in periods of contiguous operation (for start-up and no-load costs) and also as a function of 
the hourly capacity margin (for annual fixed cost recovery).  With respect to the latter, the tighter the 
capacity margin (during periods of low system availability and / or high demand), the higher the uplift.4  
Conversely, in periods of high system availability (e.g. summer nights) the uplift can be negative as 
power generation plants effectively compete to remain on the system and avoid having to re-start 
despite low prices, which may be lower than SRMC.  This pricing mechanism reflects the scarcity value 
of power, positive or negative, on an hourly basis.   

The pan-European modelling results with and without AQUIND Interconnector are used to calculate 
the impact of AQUIND as part of the CBA.  The ‘without AQUIND’ run is therefore the counterfactual, 
with the difference between the model runs showing the impact of the interconnector on SEW. 

The total net SEW impact of AQUIND Interconnector is the sum of the change to consumer welfare, 
producer welfare and interconnector welfare, which are in turn described in the following sub-
sections. 

1.2.2 Producer welfare 

Net producer welfare is calculated based on the following elements: 

 Wholesale revenue for generators – Calculated as total generation in a given market in 
each hour multiplied by the wholesale spot market price in that hour, summed over all 
hours in a given year.  The wholesale generator revenue from the counterfactual in which 
the interconnector is not built is then subtracted from the corresponding revenue when 
the interconnector is built. 

 Generation cost – Calculated as the change in the total annual variable cost incurred by 
generators in a given market as a result of the interconnector being added.  Variable costs 
include fuel costs, start and shutdown costs, variable operating costs and the cost of 
emissions.  Fixed and capital costs of generation are excluded as the generation mix is fixed 
in our analysis, and therefore the net change between the main run and the counterfactual 
is zero.5  

 Capacity market revenues – Calculated as the change in total capacity payments to GB and 
French generators resulting from the introduction of AQUIND interconnector.  The welfare 
impact for producers will be the equal and opposite of the capacity market revenue 
attributed to AQUIND in the modelling.  This is represented as a transfer of welfare in the 

                                                           
 
4 The uplift function is fitted on the basis of historical evidence, comparing model “back-casts” (using observed 
fuel prices, carbon prices, demand levels and plant availability levels as inputs) with observed market prices 
(Market Index Prices as reported in the APX Power UK or N2EX power exchange).  Scarcity uplift has been close 
to zero in recent years given the relatively high plant margin in GB.  In the future, it may become more significant 
as the capacity margin tightens, although this will depend on the influence of the Capacity Market. 
5 In our modelling, we assume that power station capacity and other infrastructure are not affected by the 
introduction of AQUIND Interconnector.  The introduction of the interconnector may in fact lead to deferred 
generation investment, however these impacts are hard to quantify and not accounted for here. We note that 
Ofgem previously asked Pöyry to assess how capacity reduction, in response to the Window 2 interconnectors, 
could affect main conclusions of the assessment. Pöyry found that the introduction of new interconnectors could 
reduce the investment in new CCGTs (by 200MW for Gridlink, the most relevant comparator for AQUIND 
Interconnector), but this would have limited impact on the interconnector flows. Pöyry concluded that its 
findings regarding the Initial Project Assessment of all three Window 2 interconnectors remained the same in 
light of the capacity reduction analysis. Source: Pöyry (2017) Near-Term Interconnector Cost-Benefit Analysis: 
Independent Report (Cap & Floor Window 2). 
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CBA assuming the total capacity procured under the CM is the same in the case with and 
without AQUIND Interconnector. 

 Net producer surplus – The sum of wholesale revenues, low carbon support costs and 
capacity market revenue earned by generators, and the (negative) generation costs as 
defined above. 

1.2.3 Consumer welfare 

Net consumer welfare is calculated based on the following elements: 

 Wholesale cost of electricity – Calculated as total demand in a given market in each hour 
multiplied by the corresponding difference in wholesale spot market prices in that hour 
comparing the ‘with’ and ‘without’ AQUIND Interconnector.  Here we implicitly assume that 
any change in the wholesale price of electricity is passed on to customers in full and that 
the price elasticity of demand for electricity is zero. 

 DSR curtailment – Calculated as the change in the cost of demand side response as a result 
of import/export via AQUIND Interconnector (imports via AQUIND Interconnector in 
response to a price spike may reduce other demand curtailment actions required to balance 
the system). 

 Unserved energy – The impact of the interconnector on expected energy unserved is 
multiplied by the value of lost load.6 

 Net consumer surplus – This is equal to the sum of the change in wholesale cost of 
electricity, DSR costs and low carbon support. 

1.2.4 Interconnector welfare 

Net interconnector welfare is calculated based on the following elements: 

 Interconnector wholesale revenues – Calculated as the hourly difference in prices between 
connected markets multiplied by the volume of flows, minus thermal losses for all 
interconnectors that are assumed to be operational in the model.  The increase in cross-
border capacity is expected to lead to further price convergence between the GB and 
France and is likely to result in diminishing marginal returns for other interconnector 
owners (welfare reducing).  The welfare impact of each interconnector that commissions 
by the time AQUIND Interconnector is operational, is assumed to be split 50/50 between 
the hosting countries.7  This item of the CBA also includes the expected revenues for 
AQUIND which are welfare increasing. 8 

                                                           
6 This cost/benefit is zero in our analysis since the GB and French capacity markets are assumed to ensure 
adequate capacity margins even in the absence of AQUIND Interconnector; therefore all energy is served. 
7 The CBA takes into account the cannibalisation of revenue, as a result of AQUIND, for all planned 
interconnectors which are expected to commission, based on current estimates, ahead of AQUIND.  
Interconnectors that may commission after AQUIND are included in the market modelling, however we do not 
allocate the welfare impact of any revenue cannibalisation for these future projects to AQUIND in the CBA. 
8 A number of new GB interconnectors will be subject to Ofgem’s Cap and Floor regime. We have not modelled 
possible individual project cap and floor levels as part of the calculation of interconnector welfare as the project 
cost information, and therefore cap and floor levels, are unknown. The impact of AQUIND on interconnectors 
that plan to commission ahead of AQUIND is taken into account in the CBA.   
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 RTE has previously estimated the O&M costs for IFA2 as €9.6m/year (1.3% of CAPEX), which 
was subsequently revised to €4.5m/year (0.6% of CAPEX). CRE was, as of 2016, minded to 
use an estimate of €8.5m/year, which is 1.15% of CAPEX (estimated at €740m).12 

 Ofgem approved a placeholder13 for IFA2’s annual OPEX costs of £10.95m (real 2016/17 
prices)14 which is 3.2% of CAPEX (estimated at £347m).15 

 Based on IFA’s annual accounts, we estimate that its annual OPEX is €39.6m (for the entire 
link), which is 5% of CAPEX (assumed at €798m). 

 FAB Link has estimated its annual OPEX to be between €7.6m and €12m16, which 
corresponds to 0.6 to 1.4% of CAPEX (estimated at €850-€1,200m). 

1.4 Project welfare impact 

This section sets out the welfare impacts of AQUIND Interconnector. Section 1.4.1 provides an 
overview and a summary of the main benefits. Section 1.4.2 describes how AQUIND Interconnector is 
expected to operate in terms of its utilisation and revenues. In Sections 1.4.3 to 1.4.4 we set out the 
detailed monetised and non-monetised benefits. Finally, Section 1.4.5 describes other cross-border 
monetary flows (including commentary on the impact on the Inter TSO Compensation (ITC) 
mechanism) resulting from the operation of AQUIND Interconnector. 

1.4.1 Overview of key welfare impacts 

The ENTSO-E CBA guidance outlines the multi-criteria assessment framework used to evaluate project 
benefits. These include the impact of a project on: 

 The integration of the internal energy market;  

 The development of a single European grid to permit the achievement of EU climate policy 
and sustainability objectives; 

 Security of supply; and 

 System stability. 

There are a number of benefit indicators used by ENTSO-E to evaluate the project benefits above. 
These include a combination of monetised/quantified benefits and unquantified indicators. Below we 
list the impact of the Project using the relevant indicators, where monetary values are discounted at 
4%. The estimates of variation in grid losses below do not include losses on AQUIND Interconnector, 
as these are already monetised through the SEW estimates. The variation in grid losses also do not 
include estimates of monetised losses on other GB interconnectors produced by Tractebel, as these 
are also included within the SEW estimates.  

                                                           
12 CRE (2016) Consultation by CRE (French Energy Regulatory Commission) regarding the interconnector ‘IFA2’ 
between France and Great Britain, p.5 and CRE (2017) Deliberation of the French Energy Regulatory Commission 
of 2 February 2017 forming a decision regarding the interconnector “IFA2” project, page 4 
13 We note that in the FPA, Ofgem described the OPEX allowance for IFA2 as a ‘placeholder’, as those costs will 
be assessed at the Post-Construction Review stage. 
14 Cap and Floor financial model, IFA2, FPA, tab ‘Input’, row 33. 
15 Ofgem (2018) IFA2 FPA. Both OPEX and CAPEX figures are only for the GB side of the interconnector. 
16 TYNDP website (accessed here) and FABLink presentation 
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Figure 1-5 Annual congestion rents for AQUIND, AQUIND Market Scenario 

 

We also model additional revenues earned through the GB capacity market.18 AQUIND’s revenues from 
the GB capacity market are modelled based on a stack of all the CM offer prices, where the stack 
volume in GW is the de-rated capacity of the generators participating in the mechanism, summed in 
ascending price order.  Offer prices in the GB CM are a function of annual fixed costs, capital costs for 
new build, the profits (infra-marginal rents) that generators earn in the wholesale market, and risk 
premia (determined by the likelihood of penalty payments for unavailability at times of system stress).  
In our modelling, we find the point in the stack at which the de-rated capacity meets the security 
standard.  The offer price of this marginal generator then sets the capacity price for that year.   

The clearing price for the GB CM auction could be set by either older existing plant, or potential new 
build – in either case determined on the basis of the ‘missing money’ required by the participant to 
cover fixed and/or capital costs.  We assume payments to AQUIND from the CM auction are subject to 
a de-rating factor. For existing GB interconnectors, BEIS (formerly DECC) and National Grid have 
calculated and published de-rating factors as part of their publications ahead of each relevant capacity 
market auction.  As there is currently no published de-rating factor for AQUIND, we have estimated a 
de-rating factor based on the average of the French interconnector de-rating factors for IFA, IFA2 and 
ElecLink in the AQUIND Market Scenario.19  In the absence of a de-rating factor specific to AQUIND 
Interconnector, we consider this approach provides a reasonable assumption for the rate that will 
apply. We have also applied the relevant de-rating factors for generators, based on National Grid’s 
published assumptions. 

                                                           
18 We model Capacity Market in both GB and France aligned with current policy, assuming that the GB CM will 
be re-introduced in time for AQUIND’s commissioning in 2023.  We assume that the value to AQUIND from the 
GB CM is based on the de-rating factors applied to other GB-France interconnectors.  We do not currently assume 
any value to AQUIND from participation in the French CM because the route for interconnectors to earn revenue 
through this mechanism is currently uncertain. 
19 For the GB CM, this is assumed to be 72% from 2025 to 2030, falling to 52% in 2050.   
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Figure 1-6 GB Capacity Market revenues, AQUIND Market Scenario 

 

1.4.3 Monetized welfare benefits 

1.4.3.1 Socio-economic welfare (“SEW”) – EU-wide market study 

The results of the market modelling have been used as inputs to the CBA to show the welfare impact 
of AQUIND Interconnector. The CBA also takes into account non-wholesale market effects, such as 
Capacity Mechanisms.20 The benefits for France, GB and Europe are presented in Table 1-9.  

The CBA is based on modelling three spot years – 2025, 2030 and 2040 – which aligns with the TYNDP 
2018 spot year estimates. For the TYNDP scenarios, we understand that the CBA calculation for all 
three TYNDP (DG/ST/EUCO) scenarios includes the common estimates from the 2025 Best Estimate 
Scenario, along with the relevant 2030 and 2040 estimates for the DG/ST/EUCO scenarios. For the 
AQUIND Market Scenario, AQUIND Low Commodities Scenario, and AQUIND High 
Commodities/Renewables Scenarios, we also use the spot year estimates for 2025, 2030 and 2040.  

The NPV is calculated based on these spot year estimates. For years prior to 2025, we extend the 2025 
estimates backwards to 2024. For impacts after 2040, we extend the 2040 impacts forward. For years 
between 2025 and 2030 and between 2030 and 2040, we use a linear interpolation of benefits 
between the two values. The sum of these annual estimates is used to estimate the NPV impact in 
each scenario, using a 4.0% discount rate and assuming no residual value as required in the 
Recommendation (Annex I). This approach also aligns with ENTSO-E CBA guidance. Table 1-9 presents 
that high-level CBA results for AQUIND Interconnector under the main AQUIND Market Scenario. 

                                                           
20 We model Capacity Market in GB aligned with current policy. We assume that the value to AQUIND from the 
GB CM is based on the de-rating factors applied to other GB-France interconnectors. We do not currently assume 
any value to AQUIND from participation in the French CM as the route for interconnection to earn revenue 
through this mechanism is currently uncertain.   
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Similarly, France adopted a Climate Plan in 2017 that seeks to achieve “carbon neutrality” by 2050. Its 
energy policy framework, governed by the Law on Energy Transition for Green Growth (LTECV) includes 
ambitious decarbonisation targets, including a 40% reduction in GHG emissions (compared to 1990) 
by 2030, and 75% reduction in GHG emissions by 2050. In this context, the Multi-Annual Energy Plan 
(Les programmations pluriannuelles de l’énergie, or “PPE”) notes that interconnectors (and other 
sources of flexibility) are key to support growing penetration of renewables.28 In this sense, 
interconnectors can be seen as one of the enablers of long-term decarbonisation in France. 

We assess some of the benefits of AQUIND Interconnector in terms of reduced CO2 emissions and 
increased RES integration through our SEW estimate, but a range of benefits in relation to AQUIND 
Interconnector’s role in achieving these decarbonisation targets are not quantified in our approach or 
in the ENTSO-E methodology. We refer to these benefits in Section 1.4.2. AQUIND Interconnector will 
also make a significant contribution to the implementation of the new energy policies in France that 
are currently being discussed. 

1.4.4.2 Enhanced competition 

Interconnection enables cross-border electricity flows, providing market participants access to 
connecting markets and increasing the size of the energy markets. This allows participation from a 
larger number of market participants and can allow new entrants to put competitive pressure on 
incumbents. Interconnection increases competitive pressure in two ways: through both the dispatch 
of lower cost generation, but also by reducing the mark-up, or scarcity uplift, above marginal cost that 
generators are able to bid into the market. The CBA methodology applied in this exemption application 
accounts for the socio-economic welfare benefits of the first impact that interconnection has on 
competition, but not the second impact. This second impact would likely result in an increase in 
consumer welfare in the CBA, as lower uplift transfers welfare from producers to consumers. 

AQUIND Interconnector will provide an additional 2000MW of tradeable capacity across the congested 
GB-France border. The capacity will be made available to all market participants through regulated 
market mechanisms (implicit and/or explicit auctions). 

At the macro level, AQUIND Interconnector will increase competition in Europe by creating new 
opportunities for cross-border trade. This will increase liquidity and, the opportunity to trade across a 
larger market, should displace more expensive generation in the importing market leading to price 
convergence. Increased market liquidity is generally associated with lower bid-ask spreads, which 
reduces the cost of wholesale market participation for both generation and demand. 

Competition in capacity auctions  

The inclusion of interconnection in the GB and (future) French Capacity Market (“CM”) auctions 
provides a possible additional competitive benefit for consumers. AQUIND, as a price-taker in the GB 
CM auction, will displace more expensive thermal generation setting the marginal price for capacity in 
the auction. This competitive pressure introduced by the Project should reduce the cost of capacity 
contracts to the benefit of GB consumers (representing a further welfare transfer from producers to 
consumers in the CBA). Assuming the contribution of interconnection to the CM in France is aligned 
with this approach, the same benefit will apply to French consumers. 

                                                           
28 French Strategy for Energy and Climate, Multi-Annual Energy Plan (PPE), Draft for Comments (2020), Section 
5.3.3.   
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1.4.4.3 Security and diversity of supply 

AQUIND Interconnector will provide a reliable alternative source of electricity for GB and French 
consumers and network users over its operational life. The nature of interconnection technology is 
such that AQUIND is projected to achieve over 98% technical availability over the Project lifetime, 
significantly higher than most conventional thermal assets.  

The security of supply benefit provided by AQUIND Interconnector will be partially captured through 
participation in the GB and French capacity markets, and result in possible deferred/avoided 
generation investment. Moreover, AQUIND Interconnector is estimated to contribute to a decrease in 
the probability of unserved energy. The differences in the GB and French generation mix will ensure 
that AQUIND provides a degree of diversification for both GB and France.  

The Project will deliver additional security of supply benefits through improved system flexibility. The 
benefits of this are incorporated into the estimate of additional net transfer capacity AQUIND 
Interconnector delivers in relation to existing cross-border capacity. The welfare effects of this are 
therefore quantified through the socio-economic welfare estimate.  

AQUIND Interconnector also delivers additional security of supply benefits through improved system 
stability. However, these benefits are not quantified as part of the CBA.  

AQUIND Interconnector will contribute to system stability (ENTSO-E CBA Indicator B8) through the 
improved transient stability, voltage stability, and frequency stability of the power system in GB and 
France.  

1.4.4.4 European market integration 

Cross-border trade of electricity is a key pillar of the European Third Package suite of legislation, and a 
key building block of the European Electricity Target Model for cross-border trade. Well interconnected 
trans-European electricity grids are “indispensable for making the energy transition a success”29 and 
the development of European electricity interconnectors is “an important obligation for the European 
Union together with its Member States set out in the European Treaties to strengthen economic, social 
and territorial cohesion”.30 

To promote the proper functioning of the internal energy market, the European Council has set targets 
to achieve 10% electricity interconnection by 2020 and 15% by 2030.31 The Commission Expert Group 
on electricity interconnection also suggested that options for further interconnectors should be 
urgently investigated in countries where nominal transmission capacity of interconnectors is below 
30% of peak load or below 30% of installed renewable generation capacity.32 

                                                           
29 European Commission, Communication from the Commission to the European Parliament, the Council, the 
European Economic and Social Committee and the Committee of the Regions, dated 23 November 2017: 
https://ec.europa.eu/energy/sites/ener/files/documents/communication_on_infrastructure_17.pdf 
30 Towards a sustainable and integrated Europe Report of the Commission Expert Group on electricity 
interconnection targets, November 2017, page 14 (the "Expert Group Report"): 
https://ec.europa.eu/energy/sites/ener/files/documents/report_of_the_commission_expert_group_on_electri
city_interconnection_targets.pdf 
31 (i) Outcome of the October 2014 European Council: 
https://ec.europa.eu/clima/sites/clima/files/strategies/2030/docs/2030_euco_conclusions_en.pdf; and (ii) 
COM(2014) 330, Communication from the Commission to the European Parliament and the Council, dated 
28.5.2014: https://www.eesc.europa.eu/resources/docs/european-energy-security-strategy.pdf 
32 Expert Group Report, page 7 














