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Executive Summary 

High densities of submarine cables (including both power and 

telecommunication cables) and pipelines (for oil or gas transport) run across large 

stretches of the North Sea. These cables and pipelines serve many different industries 

and this density is growing significantly in line with general energy industry 

development. This report specifically focuses on offshore grid development and 

electricity interconnectors which are closely linked to the increasing generation of 

offshore renewable energy to meet EU energy and interconnection targets for 2020 to 

2030 and decarbonisation by 2050. It is the ambition of the EU to have a fully-

integrated internal energy market, however cross-border interconnections are limited 

and some countries are in danger of not achieving the 10% EU interconnection target 

by 2020 nor the 15% target by 2030.  

Offshore linear energy infrastructure may cover a greater area than the offshore 

wind farm itself, cross country borders, pass through environmentally sensitive areas 

and interact with other marine activities and users. The role of MSP for grid 

development is to ensure effective routing, configuration and location of grid 

infrastructure. MSP can help by identifying areas of least constraint to locate cable 

corridors which match up offshore energy resource to suitable grid connection points 

on land, whilst carefully routing around environmentally sensitive areas. 

There is an increasing need to understand the current and future spatial 

demands for submarine cables in the NSR. Countries are faced with the need to 

accommodate those cable systems already in service as well as the growth of new 

connections and networks that are being installed to serve energy generation and 

distribution policies. The European co-funded NorthSEE project addresses these 

challenges directly. 

This report is specifically focused on WP5 Energy where the task was to 

investigate the status quo of offshore linear energy infrastructure, the future trends, 

grid connection points, interconnectors and interconnection demand in the NSR.  

Chapter 1 (Introduction) gives an overview of EU energy policies including EU 

interconnection targets. It also includes regional cooperation initiatives and drivers and 

barriers to offshore linear energy infrastructure. The main transnational drivers for grid 

development in the NSR include interconnection demand and increased grid 

connection points and barriers include grid connectivity and grid integration. Chapter 

2 (Status Quo) presents summaries of country profiles found in full in Annex 1, 

including existing offshore linear energy infrastructure in the form of an inventory, 

planning and licensing provisions, technical and spatial planning criteria and two 

interconnector case studies. It also discusses NSR interconnection specifically and 

focuses on the countries which have not met the 2020 interconnection target e.g. 

Germany and the UK. In terms of planning provisions, Germany demonstrates best 

practice with their German Spatial Offshore Grid Plan including designated cable 
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corridors and gates and German TSO model which is best suited to the evolution of 

cross-border offshore grid projects. Chapter 3 (Future trends) gives an insight into the 

predicted future interconnection levels for NSR countries and the future planned 

interconnectors, future trends and decommissioning. In terms of future interconnection 

levels, predictions show that the UK will be unlikely to meet the 15% interconnection 

target for 2030. Other future trends include TenneTôs ambition for a North Sea Wind 

Power Hub in the middle of the North Sea. Chapter 4 (The role and impact of MSP) 

highlights to the role and importance of MSP for facilitating transnational coordination 

and planning for the future which is essential for optimal grid expansion. It also 

discusses issues for MSP in terms of spatial overlap with other marine activities and 

planning solutions and route proposals. Lastly, Chapter 5 (Conclusions) details the 

main findings which includes the fact that current grid and linear energy infrastructure 

is nationally focused and largely disconnected, with only limited transnational 

coordination. Denmark currently has the most interconnector cables in the NSR and 

Belgium has the least. This has important implications for energy security and stability 

but is also dependent upon current energy requirements and future demand. 

Differences exist in level of established grid planning including planning provisions 

between NSR countries and also in terms of planning criteria and between criteria 

being Government-led or Industry-led. There is also currently no over-arching 

regulatory regime facilitating the association of offshore grid with offshore renewable 

projects across national sea basins in the NSR. To date most wind parks in the North 

Sea have been connected to shore by an individual electricity cable, a so-called óradialô 

connection, but a hub/interconnector or integrated approach may be the way toward 

achieving transnational coordination of a North Sea offshore grid. Overall, the NSR 

needs more landfall points in the Northern North Sea order to meet future needs and 

more interconnectors are required in the UK and Germany to help them achieve their 

2020 and 2030 interconnection targets. However, despite higher interconnection 

demand in the future, there might be less of a requirement for landfall points if a 

meshed or more integrated grid solution is implemented. 

The report makes a series of recommendations aimed at marine planners and 

other bodies to help facilitate greater transnational coherence and cooperation in 

maritime planning.   
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1. Introduction 

This chapter gives a background to the report including an overview of EU 

energy policies and targets including those for energy security, a fully-integrated 

internal energy market and interconnection targets. It also highlights the current 

mechanisms and initiatives to facilitate regional cooperation between NSR countries 

in order to meet the EU energy targets. In addition to this, drivers and barriers to grid 

development are discussed. 

 

1.1. Background 

High densities of submarine cables (including both power and 

telecommunication cables) and pipelines (for oil or gas transport) run across large 

stretches of the North Sea. Their linear nature reflects the term óoffshore linear energy 

infrastructureô which is used in this report. These cables and pipelines serve many 

different industries and this density is growing significantly in line with general energy 

industry development.  

The growth of the offshore energy industry was discussed in the previous 

óStatus quo report on offshore energy planning provisions in the North Sea Regionô. 

This report included predicted offshore wind growth scenarios for 2020, 2030 and 

2050, future energy trends and the spatial requirements needed to meet these industry 

forecasts. To summarise, ambitious environmentally-friendly energy and climate 

change targets set by the EU and Member States are driving the growth of offshore 

renewable energy developments. In addition to this growth, future energy industry 

trends include larger, more powerful offshore wind turbines further offshore in deeper 

waters, floating wind, multi-rotor turbines, increased ocean energy developments, 

multi-use developments, and decommissioning of Oil & Gas platforms. WindEuropeôs 

growth scenarios and in particular their central scenario for offshore wind installed 

capacity estimates the space requirements for fulfilling 2020 and 2030 growth targets 

in the North Sea Region (NSR). Assuming that the spacing of wind turbines will remain 

at 1 km distances in the years to come, space requirements were calculated for 

incremental offshore wind turbines size scenarios (7 MW to 15 MW). The North Sea 

is roughly 750,000 km2 in total and the total space occupied by offshore wind farms is 

ca. 3,500 km2 by 2020 and over 8,000 km2 by 2030. 

Growth in the offshore energy industry results in an increased interconnection 

demand. This is coupled with the European Commissionôs desire to create an 

integrated internal energy market [1] where energy can flow freely across Member 

States. However current grid and linear energy infrastructure is nationally focused with 

only some transnational coordination in the form of integrated connection of a number 

of offshore wind parks and between nations in the development of interconnectors [2]. 

As stated by WindEurope in their wind energy scenarios [3], in order to meet 2030 
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renewable energy and climate change targets, there will need to be efficient and 

improved power interconnections between Member States. This will require extensive 

coordination between NSR countries for the dream of a North Sea offshore grid [4] to 

become a reality.  

There is currently (as of March 2019) only 7250 MW of electricity capacity share 

between NSR countries via transnational interconnectors (Figure 1). Most of this 

electricity share occurs between Denmark and Sweden. There is currently a lack of 

interconnectors between the UK and Norway, however this is work in progress as 

there is one interconnector under construction and another with consent approval.  

 

 

There is also an increasing need to understand the current and future spatial 

demands for submarine cables in the NSR. Countries are faced with the need to 

accommodate those cable systems already in service as well as the growth of new 

connections and networks that are being installed to serve energy generation and 

Figure 1. Current electricity capacity share via NSR interconnectors (as of March 2019) 
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distribution policies. The European co-funded NorthSEE project addresses these 

challenges directly.  

Offshore Cable and Pipelineôs are location-driven and influenced by the 

existence of a given resource (offshore renewable energy and oil/gas extraction) or by 

the necessity of connecting to onshore Oil/Gas or energy substations. There are two 

types of offshore cables: telecommunication cables and electricity cables (export 

cables and electricity interconnectors); as well as four types of pipelines: Oil Pipelines, 

Gas Pipelines, Disposal Pipelines (chemicals and wastewater) and Connection 

Pipelines (fresh water).  

This report focuses largely on interconnectivity and the energy infrastructure 

which facilitates this called interconnectors. Interconnectivity is, as the name suggests, 

the connecting up of Member States energy networks and electricity interconnectors 

are the physical components to facilitate electricity trade, improved security of supply 

and integration of the rapidly-growing share of renewable electricity production. They 

also stimulate and strengthen regional cooperation between Member States. 

Interconnectivity involves both onshore and offshore components and the main focus 

of this report will be on the offshore components however landfall points on land are 

also an important consideration for offshore energy planning.  

For the purpose of this report the main focus is electricity cables and associated 

energy infrastructure due to its predicted prevalence in the future of North Sea energy. 

Oil and Gas pipelines are also included in this report but due to its ófiniteô future in the 

North Sea in comparison to renewable forms of energy and the prediction that the 

number of new pipelines is expected to stabilise after 2020, it is less focused upon. 

However, the decommissioning of oil and gas infrastructure could give way to 

opportunities for carbon capture and storage so this also features in the report. 

Telecommunication cables are not included as this report largely focuses on the 

production and transportation of energy. The report does not reference the 

financial/technical aspect of grid development as the report focuses mainly on 

planning provisions.  

 

1.2. Report Layout 

In this report, we present an overview of offshore linear energy infrastructure 

planning provisions for the national and transnational transportation of energy in the 

North Sea. The report is structured in 5 main chapters: Introduction, Status Quo, 

Future Trends, The role and impact of MSP on grid development and Conclusions. 

Chapter 1 (Introduction) gives an overview of EU energy policies including EU 

interconnection targets. It also includes regional cooperation initiatives and drivers and 

barriers to offshore linear energy infrastructure. Chapter 2 (Status Quo) presents 

summaries of country profiles found in full in Annex 1, including existing offshore linear 

energy infrastructure in the form of an inventory, planning and licensing provisions, 

technical and spatial planning criteria and two interconnector case studies. Chapter 3 



 
 

15 
 

(Future trends) gives an insight into the predicted future interconnector demand, future 

trends and decommissioning. Chapter 4 (The role and impact of MSP) highlights to 

the role and importance of MSP, issues for MSP in terms of spatial overlap with other 

marine activities and planning solutions and route proposals. Lastly, Chapter 5 

(Conclusions) details the main findings and key lessons learned so far, including 

recommendations targeted at marine planning authorities and other relevant 

stakeholders. All background information is contained within annexes. 

 

 

1.3. Aims of the report 

The status quo of offshore linear infrastructure in the NSR is presented in this 

report. The report aims to:  

 

V review and report linear infrastructure developments 

V identify future trends in the linear infrastructure policy landscape and industry 

developments across the NSR,  

V identify grid connection points on land; 

V identify interconnection demand; 

V consider the spatial implications of interconnectors for Maritime Spatial 

Planning in the NSR; and 

V develop proposals for routes and gates in the NSR. 

 

The target audience of the report includes planning authorities around the North 

Sea as well as the offshore energy and grid industries, ranging from offshore wind 

farm developers, power cable developers, to grid operators.  

The status quo report also serves as an internal project report for the NorthSEE 

consortium. The report documents progress towards Task 5.1 ñStatus quo of energy 

infrastructure provisions in national MSPsò , Task 5.5 ñIdentification of grid connection 

points on landò, Task 5.6 ñIdentification of interconnection demandò and Task 5.7 

ñInterconnector routes and gatesò as listed in the project agreement. Outputs of this 

report will contribute to future WP5 Tasks for the identification of the critical elements 

impacting the coordinated sustainable development of offshore renewable energies; 

and will provide maritime planners with management recommendations to help 

facilitate transnational cooperation in NSR.  
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1.4. EU energy policies and targets for offshore linear energy 

infrastructure 

The EU is building an energy union to ensure Europeôs energy supply is safe, 

viable and accessible to all. This energy union will require more efficient use of energy 

in order to tackle climate change and transition to a low-carbon economy. 

Implementation of the energy transition will require an electricity system to which 

renewables will contribute around half of the generation in 2030 and that will be fully 

decarbonised by 2050. This will result in significant challenges in terms of adapting 

regulations and infrastructure. The EUôs energy union strategy is made up of five 

dimensions: 

1. Security, solidarity and trust 

2. A fully-integrated internal energy market 

3. Energy efficiency 

4. Climate action ï decarbonising the economy 

5. Research, innovation and competitiveness 

The new rules on governance of the energy union require EU countries to 

develop integrated national energy and climate plans that cover these five dimensions 

for the period of 2021 to 2030. Efficient planning of offshore linear energy infrastructure 

in the NSR will support the achievement of these five dimensions of the energy union 

strategy. However, the focus will be on energy security and a fully-integrated internal 

energy market. 

 

Energy security 

 

Security of energy supply is an integral part of the Energy Union Strategy. 

Improvements to grid infrastructure and international interconnectors in addition 

solidarity and regional cooperation will help the flow of energy across borders at any 

time to where it is most needed. International interconnectors will also play an 

important role in the EUôs risk preparedness in the electricity sector. As part of the 

óClean Energy for All Europeansô package, the Commission published a proposal for 

new regulation on emergency and restoration regulations and plans to manage 

electricity transmission systems in emergency, blackout and restoration states. The 

newly agreed regulation will enter into force in spring 2019 ensuring security against 

major risks and electricity crises.  

 

A fully-integrated internal energy market 

 

Despite progress made in recent years, Europeôs energy system is still not fully 

functioning and the energy landscape is still too fragmented [14]. This leads to weak 

competition and poor investments. The EU has therefore decided to give a new 

political boost to their ambition to create a fully integrated energy market [14]. The EU 
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believes that energy should flow freely across the 

EU - without any technical or regulatory barriers. 

The three actions that the EU intends to 

implement include: 

 

1. designing a new energy market; 

Achieving the EU Energy Union goals will 

require a fundamental transformation of Europeôs 

electricity system, including redesign of the 

European electricity market. 

2. empowering energy consumers; 

and 

Energy consumers should be at the core of the 

Energy Union and an integrated internal energy 

market would give consumers more information 

and a wider choice of energy providers enabling 

them to save money and energy.   

3. helping energy cross borders.  

 

Investments in infrastructure that connects 

countries will allow energy to flow, improve 

energy security, lessen dependency on imports 

and prepare networks for renewable energy. 

Figure 2 includes interconnectors as one method 

to help energy cross borders. There are missing 

interconnection links between several countries 

and building these interconnectors will require 

mobilisation of all efforts from all countries in 

order to achieve a fully functioning and connected 

internal energy market. 

One of the objectives is to enhance 

regional cooperation within a common EU 

framework and the NorthSEE Project aims to 

address this objective for the NSR. Energy 

market design and energy consumerism is out 

with the scope of the NorthSEE Project and this 

report. 

 

 
Figure 2. EUs ambition to make 
energy flow in Europe. Source 
ec.europa.eu 
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1.5. EU interconnection targets 

Currently, European electricity transmission systems, notably cross-border 

interconnections, are not sufficient to allow the internal energy market to work properly 

and address the problem of energy islands in some regions of Europe [13]. Therefore 

in 2002 the European Council set a 10 % electricity interconnection target (defined as 

import capacity over installed generation capacity in a Member State), whose delivery 

date was eventually prolonged until 2020. In May 2014, the European Commission 

suggested as part of the European Energy Security Strategy that the 10 % target 

should be extended to 15 % by 2030. This target was endorsed and means that each 

country should have in place electricity cables that allow at least 15% of the electricity 

by its power plants to be transported across its borders to neighbouring countries.  

To make the 15% target operational, The European Commission established 

the Expert Group on electricity interconnection targets in March 2016 composed of 15 

leading experts on the European energy market and infrastructure from industry 

organisations, academia and NGOs, as well as the Agency for the Cooperation of 

Energy Regulators (ACER) and the European Networks of Transmission System 

Operators for Electricity and for Gas (ENTSO-E and ENTSOG). The Expert Group 

presented a report on its work in November 2017. The report highlights the fact that 

Member States demonstrate considerable differences in terms of their energy mix, 

size of the energy market and geographical location, which influence their 

interconnectivity potential and needs. In the Expert Group's opinion it is important to 

take these inherent different energy profiles into account when planning electricity 

infrastructure. 

At the same time, the Expert Group emphasises the need for cooperation in 

energy infrastructure and renewables deployment, especially between areas of 

renewable abundance and renewable shortage but also between renewable sources 

with complementary generation patterns (e.g. wind/photovoltaic). Therefore, the 

capacity of the EU Member States to supply renewable electricity to the EU market 

should be taken into account when setting interconnection targets. 

The report recommends assessing the need to develop further interconnection 

capacity, reflecting the different energy realities in EU countries and the different roles 

interconnectors play in supporting the completion of the internal energy market, 

enabling the integration of renewables and ensuring security of supply.  

In the light of this report, in the Communication on strengthening Europe's 

energy networks published in November 2017, the Commission proposed to refine the 

15% target for 2030 through a set of additional and more specific thresholds. The 

thresholds are: 

 

1. Additional interconnections should be prioritised if the price differential 

exceeds an indicative threshold of 2 euro/MWh.  
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2. Countries where the nominal transmission capacity of interconnectors 

is below 30% of their peak load should urgently investigate options of 

further interconnectors. 

3. Countries where the nominal transmission capacity of interconnectors 

is below 30% of installed renewable generation capacity should urgently 

investigate options of further interconnectors.  

 

The use of these thresholds will serve as indicators of the urgency of the action 

needed in order to help the EU achieve its energy policy and climate objectives. 

See section 3.1 for NSR countries performance against the 3 thresholds. 

 

1.6. Regional cooperation initiatives on offshore linear energy 

infrastructure 

In general, offshore grid infrastructure has already been under development for 

several decades, and will continue evolving. Already, ambitious offshore grid initiatives 

and projects in the region are ongoing. These initiatives include: 

 

¶ Collaborations at a political level; 

¶ New research projects; and 

¶ Industry level collaboration on visionary projects. 

 

The Electricity Regional Initiatives Project  

 

The Electricity Regional Initiatives Project was launched in 2006 as an interim 

step to speed up the integration of Europeôs national electricity markets [10]. The 

initiative was launched by the European Regulators Group for Electricity and Gas 

(ERGEG) and aimed at bringing together national regulatory authorities (NRAs), 

transmission system operators (TSOs) and other stakeholders in a voluntary process 

to advance integration at the regional level as a step towards the creation of a well-

functioning Internal Energy Market (IEM). The regional initiatives represent a bottom 

up approach to the completion of the IEM, in the sense that they bring all market 

participants together to notably test solutions for cross-border issues, carry out early 

implementation of the EU acquis and come up with pilot-projects which can be 

exported from one region to the others.  

The Agency for the Cooperation of Energy 

Regulators (ACER) is an EU agency which was 

created by the Third Energy Package to further 

progress the completion of the internal energy market 

for both electricity and natural gas [11]. When it launched in March 2011, ACER 

changed the regional initiatives scope to fit a new vision surrounding improved 

involvement of all Member States and stakeholders that will help the regional initiatives 

https://acer.europa.eu/en/The_agency/Pages/default.aspx
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to make a stronger contribution to move from national or regional markets to an 

integrated IEM [12]. 

 

The North Seas Countries Offshore Grid 

Initiative (NSCOGI) and the Political Declaration on 

energy cooperation between the North Sea Countries 

   

      

An example of regional cooperation in the North Sea was The North Seas 

Countries Offshore Grid Initiative (NSCOGI) which was a framework for regional 

cooperation to find common solutions to questions related to current and possible 

future grid infrastructure developments in the North Seas. Under the initiative EU 

Member States are encouraged to work together, with energy regulators, the 

European Commission and Transmission System Operators to explore the potential 

for the coordinated development of offshore grids in the North and Irish Seas. 

The NSCOGI was formed as the responsible body to evaluate and facilitate 

coordinated development of a possible offshore grid that maximised the efficient and 

economic use of those renewable resources and infrastructure investments. The 

Memorandum of Understanding (MoU) was signed on 3 December 2010 by the 10 

countries (Belgium, Denmark, France, Germany, Ireland, Luxembourg, the 

Netherlands, Norway and Sweden, and later also the UK)  (Figure 3) around the North 

Seas represented by their energy ministries, supported by their TSOs, organised in 

the European Network of Transmission System Operators for Electricity ENTSO-E), 

their regulators (organised in the Agency for the Cooperation of Energy Regulators 

ACER) and the European Commission, together forming the "North Seas Countries' 

Offshore Grid Initiative (NSCOGI)". This was the first time that these different 

stakeholders joined forces, which at the time, indicated the topicôs importance on the 

European energy agenda. 
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The aim of the NSCOGI was to establish a strategic and coordinated approach to 

improve current and future energy infrastructure development in the North Seas, with 

particular focus on the connection of offshore wind, onshore grid reinforcements and 

cross-border capacity. 

The initiative aimed at coordinating all efforts towards necessary investigations 

on a) technical and grid planning questions, as well as b) identifying market and 

regulatory barriers and c) proposing measures to streamline the permitting process, in 

order to assess the economic interest of offshore grid development. 

The overarching objective was broken down into a set of deliverables to be 

taken forward, initially for a two year period, by three Working Groups (WGs): WG1 ï 

grid implementation, WG2- market and regulation and WG3 - permissions and 

planning.  

WG3 which is focused on planning is of most relevance to the NorthSEE project 

and this report. The final report from WG3 identified differences between planning 

procedures but no incompatibilities between countries to integrated cross-border grid 

infrastructure development. It also identified solutions to improve coordination 

between countries and harmonise the permit process by considering country pairings 

for interconnection. The country pairings were compared and analysed in terms of 

their planning procedures and consent activities and this allowed common solutions 

and best practices to be shared. 

The NSCOGI has shown the importance of cooperation between Governments, 

the European Commission, Regulatory institutions and TSOs for the development of 

Figure 3. NSCOGI study area 
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a common understanding of future requirements and possible routes and barriers. 

Continuation of the Initiative was therefore recommended in order to further investigate 

the requirements of a 2030 grid. Since the North Seas are recognised in the 

infrastructure package as being one of the priority corridors and expected to supply a 

significant volume of RES up until 2030 and onwards, the Political Declaration on 

energy cooperation between the North Sea Countries was initiated as a continuation 

of the NSCOGI. The same NSR countries have agreed to further strengthen their 

energy cooperation, to improve conditions for the development of offshore wind energy 

in order to ensure a sustainable, secure and affordable energy supply in the area.  The 

declaration will support the development of this priority corridor. The initiative focuses 

on building of missing electricity links, allow more trading of energy and further 

integration of energy markets and reinforcing regional cooperation which will help 

reduce greenhouse gas emissions and enhance security of supply in the region. 

In terms of MSP and development and regulation of offshore grids and other 

offshore infrastructure, participating countries have agreed to work on from 2016 to 

2019 [6]: 

MSP 

¶ Coordinating the planning and development of offshore wind and grid projects 

beyond national borders including area mapping;  

¶ Developing a common environmental assessment framework;  

¶ Increasing the availability and interoperability of marine data for planning, 

impact assessment, licensing and operations; and 

¶ Exchanging best practices on permitting procedures and work on the modalities 

of a coordinated permitting process for concrete regional or sub-regional joint 

offshore projects. 

 

Offshore grid development 

¶ Improving the coordination of regional and point-to-point grid planning and 

development, promoting projects with regional benefits and exploring models 

of cost allocation (i.e. compensation), to help generate win-win options for 

concrete (sub)regional cooperation; 

¶ Exploring options for developing hybrid projects linking offshore windfarms with 

interconnectors; and 

¶ Exploring potential synergies with the conventional offshore sector, including 

operational cooperation and the electrification of platforms. 
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European Network of Transmission 

System Operators (ENTSO-E) 

 

 

ENTSO-E represents 42 electricity transmission system operators (TSOs) from 

35 countries across Europe. It was established and given legal mandates by the EUôs 

Third Package for the Internal Energy Market in 2009, which aims at further liberalising 

the gas and electricity markets in the EU. 

TSOs are responsible for the bulk transmission of electric power on the main 

high voltage electric networks. They provide grid access to the electricity market 

players (i.e., generating companies, traders, suppliers, distributors, and directly 

connected customers). In many countries, TSOs are in charge of the development of 

the grid infrastructure e.g. Belgium, Denmark, the Netherlands and Germany. TSOs 

in the European Union internal electricity market are entities operating independently 

from the other electricity market players.  

There are four Trans-European Networks for Energy (TEN-E) electricity priority 

corridors which are focused on regions. The North Sea region is covered by the North 

Seas Offshore Grid 10 Year Network Development Plan (TYNDP) Regional Insight 

Report.  

In the TYNDP 2018 report, there are three separate scenarios for the year 2030 

which reflect different possible pathways to meet future EU decarbonisation targets, 

but all have common themes with regards to renewable generation. The three 

scenarios include: 

1. Sustainable Transition (ST) ï this scenario is achieved by replacing coal 

by gas in the power sector, leading to quick and economically 

sustainable CO2 reduction. There is also steady growth of RES. 

2. Distributed Generation (DG) ï this scenario represents a more 

decentralised development with focus on end user technologies e.g. 

smart technology, electric vehicles, battery storage systems etc. There 

is also an efficient usage of renewable energy resources at the EU level. 

3. Scenario ñEUCO 2030ò ï this scenario is designed to reach the 2030 

targets for RES, CO2 and energy savings, taking into account current 

national policies, like German nuclear phase out. The EUCO 30 models 

the achievement of the 2030 climate and energy targets and includes an 

energy efficiency target of 30%. 

With relevance to this report, the main scenario result is that there will be large 

increases in wind and solar generation from 2016 to 2025 and on to 2030, with the DG 

scenario seeing the highest installed capacity.  

 

BEAGINS - Baseline Environmental Assessment 

for the Grid in the Irish and North Seas  

 

The European Commission ordered a Baseline Environmental Assessment 

Study called BEAGINS to ensure that environmental concerns and impacts are 

appropriately considered in the development of an offshore energy grid system in the 

http://www.beagins.eu/
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North and Irish Seas. Focusing on Belgium, Denmark, Germany, Ireland, the 

Netherlands and the United Kingdom, the study aimed to compile an environmental 

baseline including maps, constraints, risks, impacts, ways of mitigation and 

alternatives. The Baseline Environmental Report has determined the effects (positive 

and negative) of several future energy and grid scenarios for 2030. The scenarios 

included: 

1. High Renewables: This scenario refers to a high level of offshore 

renewables deployment, combining multiple sources. The offshore wind 

capacity development (2015) is based on the European Wind Energy 

Association (EWEA) óHighô wind energy scenario for 2030. The wave and 

tidal capacity is based on the European Commission (EC) Energy 

Roadmap 2050 óHigh Renewable Energy Sourceô scenario combined 

with the country-specific offshore energy roadmaps of Ocean Energy 

Services (OES) and an IEA Technology Initiative. 

2. PRIMES Reference: This scenario is similar to NSCOGI scenario, but 

presents a stronger deployment of offshore wind energy development. 

3. NSCOGI: This reference scenario was developed in 2011 by The North 

Seas Countriesô Offshore Grid Initiative (NSCOGI) in collaboration with 

the TSOs, governments and regulators. In this scenario, the year 2020 

is based on ENTSO-E EU2020 scenario, following the national RES 

targets defined. The 2030 scenario is based on the PRIMES model, and 

was adjusted to take into account the views of national authorities. 

The recommendations of the study included suggestions relating to 

development of an appropriate planning framework; coordinated infrastructure roll-out; 

development of an appropriate management framework; data management and 

storage; development of best practice guidance; and monitoring and data 

requirements. Overall, the study recommends a meshed grid solution as the reduced 

footprint of nearshore cabling utilising the meshed solution has greater potential, in 

combination with sensitive siting, to reduce habitat displacement and avoid sensitive 

coastal sites [23]. The results can be used to inform any future plans for renewable 

energy generation, energy storage, electricity cables and associated equipment in the 

North and Irish Seas. Available as a resource to the relevant Member States and 

stakeholders, it has allowed for commonly agreed environmental baselines to be 

incorporated into the assessment of plans, programs and projects early in the policy, 

design or planning processes. 

PROMOTioN ï Progress on meshed 

HVDC offshore transmission networks 

The project óPROgress on Meshed HVDC Offshore Transmission Networksô 

(PROMOTioN) [9] applied in 2015 for funding under the EU Horizon 2020 (H2020) 

programme call óCompetitive Low-Carbon Energyô 5 (LCE 5). Within the framework of 

modernisation of the European electricity grid, this call focused on advancing 

innovation and technologies relevant to the deployment of meshed off-shore HVDC 
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grids. Its specific objective is to pursue an agreement between network operators and 

major equipment suppliers regarding a technical architecture and a set of multi-vendor 

interoperable technologies in order to accelerate HVDC grid development. A 

regulatory and financial framework will be developed for the coordinated planning, 

construction and operation of integrated offshore infrastructures, including an offshore 

grid deployment plan (roadmap) for the future offshore grid system in Europe. 

PROMOTioN is the biggest energy project in the EUôs Horizon 2020 Research 

Program and includes 33 partners from 11 countries. All NSR countries are involved 

in this project and have contributed major HVDC manufacturers or TSOs, along with 

several wind turbine suppliers, offshore wind developers, as well as leading academics 

and consulting companies. 

PROMOTioN addresses the following objectives: 

¶ Identify requirements for energy infrastructure priority corridors 

¶ Facilitate agreement among operators and manufacturers 

¶ Demonstrate cost-effective HVDC grid technologies 

¶ Prepare the first phase for deployment of innovative compounds 

¶ Propose market rules and revenue streams 

¶ Propose regulations for permitting and environmental compatibility 

 

1.7. Drivers and barriers 

To achieve the ambitious climate and energy goals set by the EU and national 

governments in their respective jurisdictions is the over-arching driving force behind 

the need to improve offshore grid and cross-border electricity interconnections. This is 

coupled with the growth of the offshore wind industry, the need for increased energy 

generation and distribution and the desire for EU internal energy market integration 

which has driven the European Commission to invest and adapt European energy 

infrastructure for future needs. The desire for more secure, sustainable and affordable 

energy for all European consumers is also a major driver for improvements to energy 

infrastructure.  

The main transnational drivers that are relevant for NSR countries are 

interconnection demand and increased grid connection points. These will facilitate not 

only the flow of offshore renewable energy back to National onshore grids but also 

flow of energy across borders. There are also numerous benefits of an offshore grid 

such as allowing countries such as the Netherlands, Germany and the UK, to develop 

portions of their EEZôs that are further from shore, increasing their potential installed 

capacity [5]. These are driving the need for improved transnational maritime spatial 

planning and coordination between NSR countries on transnational aspects.  

In terms of barriers to grid development, grid connectivity and grid integration 

cause issues. Increasing energy production offshore, in particular offshore wind, will 

require more cables to transfer energy back to the grid. In turn, leading to an increasing 

demand for grid connection and some landfall points around the NSR are already at 
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full capacity. There is also a mismatch between onshore and offshore energy sectors 

and their subsequent technical guidelines and standards for grid integration and 

connection. These are key barriers to the large scale deployment of offshore energy. 

Technology limitations can also act as a barrier to grid development, for example, the 

previous WP5 óStatus quo report on offshore energy planning provisions in the North 

Sea Regionô discussed the trend of offshore wind farms moving further offshore or 

becoming floating wind and these longer distances will require longer and more 

expensive HVDC cables.  

The current grid infrastructure is also a barrier to the development of wave and 

tidal energy projects. The issue being that Europeôs high wave and tidal energy 

resource areas are in locations where the grid infrastructure is severely lacking, 

making development a costly and difficult challenge for developers. The issue is two-

fold as regulators are hesitant to facilitate grid connections without the guarantee of 

projects to connect and fully exploit them but on the other hand, wave and tidal projects 

cannot get financial investment due to uncertainty with grid connection. Grid 

integration issues are therefore likely to hinder the development of wave and tidal 

pilots and early arrays, bringing the future progression of the ocean energy industry to 

a severe halt. However, the Commissionôs Directorate-General for Energy is exploring 

combining Horizon 2020 funding for demonstration projects with structural funding for 

grid connection upgrades [8]. An example of one of these projects is the PROMOTioN 

project which is included in more detail in section 2.3. This may present a novel 

solution for removing grid barriers from pilot arrays. Another barrier effecting ocean 

energy is the recent trend of decentralisation of energy which means that energy is 

produced close to where it will be used, rather than at a large plant elsewhere and 

sent through the grid. This may increase security of supply but it discourages the need 

to improve the grid. This is a particular issue for small-scale ocean energy, for 

example, which is dependent upon grid connections to energy centres. 

Barriers to present and future increase of cross border energy exchange and 

trade of power between the NSR countries is the shortage of interconnection 

development and capacity. This barrier will need to be addressed in order to meet EU 

interconnection targets for 2020 and 2030.  
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Chapter 1 Summary 
 

¶ Growth of offshore wind and increased demand for energy 
distribution is a main driving force for the development of a North Sea 
offshore grid. 

¶ There is an increasing need to understand the current and future 
spatial needs of more submarine cables. 

¶ EU desire for more secure, sustainable and affordable energy. 

¶ It is the EUôs ambition to create a fully-integrated internal energy 

market where energy flows freely across borders 

¶ Grid connectivity and grid integration are barriers to offshore grid 
development 

¶ Decentralisation of energy will cause a barrier to the development of 
ocean energy projects 
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2. Status Quo of Offshore Linear 

Energy Infrastructure and MSP in 

the NSR 

This chapter provides an overview of existing offshore linear energy 

infrastructure in the NSR including transmission assets for offshore wind, 

interconnectors, landfall points and national connection points. The current levels of 

North Sea interconnection are highlighted along with the current óProjects of Common 

Interestô. Also as part of this chapter, planning provisions and spatial and technical 

planning criteria related to grid and cables have been collected from project partners 

and summarised. Full country profiles on grid planning provisions can be found in 

Annex 1. 

 

2.1. Existing offshore linear energy infrastructure and grid 

connections 

For maritime spatial planning it is important to consider the routing of existing 

and planned subsea interconnectors and offshore wind connections in the NSR. These 

types of offshore linear energy infrastructure can cover more area that the offshore 

wind farm itself, involves crossing country borders, passing through environmentally 

sensitive areas and interacting with other marine activities and users.  

 

Transmission assets for offshore wind 

 

Offshore wind farms are connected via transmission assets to the shore which 

usually consist of array cables to an offshore substation (see Figure 4). The offshore 

substation acts as a transformer to convert the voltage level of electricity to allow it to 

be brought to shore via an export cable. The onshore station then transforms that 

electricity to the required voltage to be connected to the grid. In the German section 

on the North Sea, converter stations have been built to convert AC from several parks 

to DC and export to shore over longer distances. For smaller offshore wind farms built 

inshore, cables can be bundled and run directly to the shore without the need for an 

offshore substation.  
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Figure 4. Diagram showing the transmission system from wind farms to landfall point via various 
cables, substations and converter stations. (Source: ABB) 

 

Interconnectors   

 

Electricity interconnectors are the physical links which allow the transfer of 
electricity across national borders (see Figure 5 for an example of an interconnector transmission 
system). This exchange of power helps to ensure safe, secure and affordable energy supplies. They 
also facilitate cross-border energy exchange from areas with surplus production to areas with supply 
shortfalls. Examples are times of planned or unplanned outages, or during times with low production 
of renewables, especially wind and solar energy. In terms of the North Sea, interconnections provide 
a crucial increase in interconnectivity between the smaller and relatively isolated 
British and Irish power systems (with already high shares of wind generation), the 
hydro-dominated Scandinavian systems, and the Continental European countries 
going through a rapid conventional-to-renewables shift.  

 
 

Table 1 shows an inventory of existing transnational electricity interconnectors 

in the North Sea which are fully commissioned. Currently (as of March 2019) there are 

11 fully commissioned interconnectors. Also as shown, Denmark is the most popular 

country to connect to due to its large share of renewable energy.  

 

 

 
Figure 5. Diagram showing a typical interconnector transmission system. This is an example of the 
Nemo Link between the UK and Belgium which is under construction.  
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Table 1. List of existing North Sea transnational electricity interconnectors 

Name Capacity Country 1 Country 2 Status 

Skagerrak 4 700MW Norway Denmark Fully Commissioned 

BritNed 1000MW UK Netherlands Fully Commissioned 

Norned 700MW Norway Netherlands Fully Commissioned 

Baltic Cable 600MW Germany Sweden Fully Commissioned 

Kontek 600MW Germany Denmark Fully Commissioned 

Skagerrak 1 and 
2 

500MW Norway Denmark Fully Commissioned 

Konti-Skan 1 380MW Denmark Sweden Fully Commissioned 

Konti-Skan 2 360MW Denmark Sweden Fully Commissioned 

Bornholm 60MW Denmark Sweden Fully Commissioned 

Oresund 132kV 1,350MW Denmark Sweden Fully Commissioned 

Nemo Link 1,000MW UK Belgium Fully Commissioned 

 

 

NSR interconnectors are visualised in Figure 6 where they overlap offshore 

wind farms. The map shows both interconnectors and offshore wind farms at different 

development stages to give a current and future overview of offshore linear energy 

infrastructure in the NSR, excluding export cables and oil and gas.  
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Figure 6. Map of NSR interconnectors overlaying the offshore wind farm dataset. Source: 4COffshore 
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Land fall points 

 

Landfall points are locations where cables come onshore to connect to the grid 

and in the North Sea, these are in high demand and are already limited in capacity. 

There is also a variety of factors which make it challenging to identify appropriate 

locations for large converter stations and sites to connect to the grid such as offshore 

environmental and geophysical constraints and onshore planning permission. In 

Scotland for example, there are only two landing points to facilitate North Sea 

connections, Peterhead and Cockenzie. However, Peterhead is already very full and 

Cockenzie is situated in a challenging location and therefore an unlikely connection 

point. The next available connection point is Hull in England.  In Germany some 

landfall points are currently used in Lower-Saxony and Schleswig-Holstein. They have 

still some capacities, however they are limited. Landfall points across the NSR can be 

seen in Figure 7. 

 

 

 

 

 

 

 

 

Figure 7. Map of NSR landfall points including interconnectors. Source: 
submarinecablemap.com   
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National connection points from EEZ to territorial waters 

 

As part of their Spatial Offshore Grid Plan, Germany has designated a series 

gates which act as connecting points for cables to travel through from their EEZ to 

TW. Every cable or pipeline has to use gates for crossing the border. This has a 

bundling effect to reduce the use of space and also minimise the demand for landing 

points. 

 

2.2. North Sea Region interconnection 

The North Sea as a region is a net exporter of electricity where energy is 

exported to meet demands outside the region. In terms of country size, the 

Netherlands is the greatest exporter of electricity with also Germany being a big 

exporter. In terms of importing electricity, the UK and Belgium are the greatest 

importers. However it should be noted that this does not necessarily mean that they 

rely on energy from other countries. Prices of neighbouring markets are lower making 

it more economic to import than to produce electricity with their more expensive 

national generators. 

 

 
Figure 8. Import/Export balance in TWh by NSR countries and other countries in the NSCOGI 

Reference Scenario for the year 2030 with grid 2020 capacities (North Seas Grid Study, NSCOGI 2012). 

 

In terms of interconnection and energy sharing, the latest report on the state of 

the Energy Union (23 November 2017) found that 11 Member States have not yet 

reached the 10 % electricity interconnection target, including Germany and the United 

Kingdom as NSR countries, so now need to step up their efforts (see Table 2) . In any 

case, the Commission predicts that only four will be unable to reach the 10 % 

interconnection target by 2020 and this includes the United Kingdom [13].  

A well interconnected grid is crucial for sustainable development and 

decarbonising the energy mix as it enables the grid to accommodate increasing levels 

of variable renewables in a more secure and cost-efficient way. Relying on renewable 

sources for a greater part of the generation mix contributes to meeting the EU climate 




















































































































