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These Electricity System Needs factsheets present an overview of the electricity 
landscape in each European country for the next decades, with a focus on the 
2030 time horizon, and providing a first look at the possible 2040 landscapes. They 
provide the essential information allowing to understand so-called “system needs”: 
how the electricity system should be reinforced throughout Europe to deliver on 
the climate agenda while keeping the bills as low as possible and maintaining 
the reliability standards of European electricity systems. The data and analysis 
presented in this document is extracted from ENTSO-E’s TYNDP 2020 package. 

What is ENTSO-E’s System Needs study

ENTSO-E’s system needs study investigates where improving 
cross-border electricity flow throughout Europe could bring 
benefits to Europeans. The study finds needs everywhere in 
Europe, with a total of 50 GW of needs on close to 40 borders 
in 2030 and 43 additional GW on more than 55 borders in 
2040. This is in addition to the 35 GW of cross-border trans-
mission capacity reinforcements by 2025 that are already 
under construction or in permitting phase.

What technologies should address the needs? 

Many of the studies presented in this document focus on the 
development of interconnection levels. However, these find-
ings can be extrapolated to identify specific projects aimed 
at solving interconnection barriers through other technolo-
gies (including demand response, generation, storage, etc.). 
The solution to tomorrow’s challenges will be the parallel 
development of all possible solutions, including on the role 
of prosumers and historic generators, and the development 
of new interconnections.

*  This country sheet covers Great Britain and Northern Ireland. Northern Ireland 
forms a wholesale electricity market with Ireland which is known as the Single 
Electricity Market (SEM). It is important to consider the Northern Ireland 
 electricity landscape in this context.

Electricity system  
needs factsheet:
United Kingdom*

Based on findings published in the TYNDP 2020
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Figure 1.1: Yearly electricity demand, consumption and energy balance for the years 2016 – 2018. Values given 
in TWh.
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Figure 1.2: Share of installed capacity per generation 
category 2018.
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Figure 1.3: Share of generation mix by fuel category 
in 2018.

Generation technologies have been grouped for legibility:

 › Coal: Hard coal, soft coal and Lignite
 › Gas: Coal-derived gas and Fossil gas
 › Oil: Fossil oil and Oil shale
 › Other non-RES: non-RES waste, Other non-RES, peat, Mixed Fuels and Other Fossil Fuels
 › Wind: Offshore and Onshore
 › Solar: Solar PV and Solar Thermal
 › Bioenergy: Biomass and Biogas
 › Hydro: All hydro categories including marine

Generation categories were taken directly from the ENTSOE Statistical Factsheets 2016 – 2018.
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1. Current electricity landscape

The energy landscape in Great Britain is being transformed 
at pace due to the need to decarbonise. There is a target to 
be able to operate a zero-carbon electricity network by 2025 
with a capability to accommodate any quantity of renew-
able electricity being generated at any time. The GB system 
operator National Grid ESO is aiming to be the first system 
operator in the would to make the full transformation Over 
the past 5 years, the carbon intensity of the electricity system 
has been reduced by 53% resulting in significant quantities 
of renewable generation being connected in recent years, 
particularly wind and solar, as well as a number of days 
without any coal generation at all. Furthermore, GB‘s reliance 
on coal-fired power stations has lessened, with all remaining 
UK coal plants to be shut down by 2024. Great Britain has a 
capacity market that is designed to mitigate risks to ensure 
the Government’s security of supply reliability standard is met. 

There are currently five HVDC interconnectors that connect 
Great Britain to France, Ireland, Northern Ireland, Belgium 
and the Netherlands. As Northern Ireland forms a whole-
sale electricity market with Ireland which is known as the 
Single Electricity Market (SEM), it is important to consider 

the electricity landscape in this context. The SEM is a small 
system, and has no synchronous connections to Great Britain 
and continental Europe. However, as noted above two HVDC 
interconnectors exist between the island of Ireland and Great 
Britain. Northern Ireland has a 40% target for consumption of 
electricity from renewable generation by 2020. It has already 
met this target. In Northern Ireland the Department for the 
Economy has devolved responsibility for energy. It is currently 
developing a new Energy Strategy to contribute to the UK’s 
commitment to deliver net zero carbon by 2050.

https://www.entsoe.eu/publications/statistics-and-data/#yearly-statistics--adequacy-retrospect
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Figure 1.4: Net Generation Capacity evolution: 2016 – 2018 (MW).
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Figure 1.5: Monthly exchange traded volumes of day-ahead contracts and monthly average prices in the region in 
2018 (Quarterly Report on European Electricity Markets Volume 11, Issue 4, Q4 2018).
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2020 2025 2030 2040 2050

1 % 1 %

1 % 1 %

78 % 85 %

n/a n/a

n/a 20 %

4 % 13 % n/a

84 % 83 % n/a

n/a 8 %
n/a n/a n/a

n/a 19 % 29 % 42 % n/a21 % 16 % n/a12 % 15 % n/a

Domestic RES Gas Biomethane

RES-E solar

RES-E hydro

Decarbonisation of gas supply

RES-E wind

Domestic RES Gas Power-to-gas

Gas import share

Direct electrifi cation

29 % 42 % 54 %

32 % 45 % 50 %

21 % 21 % 23 %

21 % 16 % 29 %

14 % 18 % 19 %

10 % 13 % 15 %

3 % 17 % 32 %

0 % 6 % 11 %

29 % 45 % 54 %

27 % 35 % 41 %

6 % 18 % 33 %

5 % 12 % 19 %

12 % 47 % 86 %

11 % 46 % 86 %

79 % 60 % 35 %

83 % 78 % 70 %

0 % 1 % n/a4 % 12 % n/a

NATIONAL TRENDSBEST ESTIMATE

DISTRIBUTED ENERGY

GLOBAL AMBITION

Percentages indicate by how much the 
technology total capacity has grown 
since the current year. 

Readers who are interested are referred 
to the Scenarios 2020 report.
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2. About the scenarios

The TYNDP 2020 scenarios describe plausible and technically sound electricity 
futures for 2025, 2030 and 2040. They were jointly built with ENTSO-G, from 
storylines co-constructed with stakeholders. All scenarios head towards a decar-
bonised future and have been designed to reduce GHG emissions in line with EU 
targets for 2030 or the United Nations Climate Change Conference 2015 (COP21) 
Paris Agreement objective of keeping temperature rise below 1.5° C.

National Trends (NT) is the central scenario based on draft 
National Energy and Climate Plans in accordance with the 
governance of the energy union and climate action rules, 
as well as on further national policies and climate targets 
already stated by the EU member states. The present Country 
 factsheet focuses on the National Trend 2030 scenario, 
because it has been identified as the reference scenario for 
the 2020 PCI process.

Global Ambition (GA) is a scenario compliant with the 1.5° C 
target of the Paris Agreement also considering the EU’s 
climate targets for 2030. It looks at a future that is led by 
development in centralised generation.

Distributed Energy (DE) is a scenario compliant with the 
1.5° C target of the Paris Agreement also considering the EU’s 
climate targets for 2030. It takes a decentralised approach to 
the energy transition.
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Figure 3.1: Marginal costs for the respective country 
for the grid sets No Investment after 2020, SEW-based 
needs 2030 and Portfolio 2030. These compare the 
differences between the marginal costs for each, hypo-
thetical development pathway.
Marginal prices can be heavily impacted by cross-border congestions: a well-integrated market 
allows cheaper generation to be recruited by neighbouring countries, including low-emission 
sources such as wind and solar. Greater interconnections thus help reduce both electricity costs for 
consumers in all countries and also the carbon emissions the European grid generates.
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About the grid configurations presented 
in this document

Each grid configuration corresponds to a vision of the 
year 2030:

 › No investment after 2020: a hypothetical year 2030 where 
Europe stopped all cross-border grid development after 
mid-2020.

 › Portfolio 2030: a hypothetical year 2030 where all projects 
of the TYNDP 2020 Portfolio that are foreseen to commis-
sion until 2030 have been built.

 › SEW-based needs 2030: a hypothetical year 2030 where 
the needs for capacity increases after 2025 identified by 
ENTSO-E’s System needs study have been addressed. 
These needs represent the combination of cross-border 
capacity increases that minimises overall system cost. Only 
part of these needs are addressed by existing projects.

Analysis: Market integration needs across 
relevant European boundaries in 2030

Ten main boundaries to electricity exchanges (groups of 
borders between countries) have been identified in ENTSO-E’s 
TYNDP, where important barriers exist preventing optimal 
power exchanges between countries or market nodes from 
occurring. Electricity flows are highly sensitive to initial 
system conditions, which are impossible to forecast precisely 
on the long term. Considering boundaries instead of individual 
borders allows to focus on large systemic flows which can be 
seen in all scenarios, whatever the actual path of electrons. 

Boundary studies investigate how SEW increases with increasing 
grid transfer capacity. These curves are included for those coun-
tries that sit on one or more of the boundaries identified in Figure 
3.3. If a country does not sit on one of these boundaries then 
these figures are not included. For those countries with boundary 
curves, the steeper the SEW increases the higher the marginal 
benefit for society. As stated in the IoSN, addressing the needs 
identified through studies like this are not limited to transmission 
lines but can also include additional generation, storage options, 
demand side technologies and a host of other technologies.

The GB Interconnector Policy focuses on promoting cross-
border electricity trading and the efficient use of electricity 
interconnectors. The overall aim is to maximise the efficient 
use of existing and planned interconnection by ensuring 
that users can respond efficiently to differences in energy 
prices across different countries. Great Britain is currently 
connected via five HVDC interconnectors to Belgium France, 
Ireland, NorthernIreland and the Netherlands, providing a 
combined capacity of 5000 MW. Going forward in the next 
5 years, Britain is expected have a total interconnection 
capacity of about 11.7 GW with additional lines to France, 
Denmark, Netherlands, Norway and Ireland. Europe and GB 
would benefit both economically and environmentally from 
increased interconnection.

The island of Ireland is presently connected to Great Britain 
via two HVDC interconnectors, which provide a combined 
capacity of 1,000 MW. This forms the capacity used in the 
reference grid for TYNDP 2020 and is consistent with that 
used in TYNDP 2018. The SEW-GTC curve for the boundary 
between the island of Ireland and Great Britain and conti-
nental Europe indicates that there are significant benefits 
to be gained by the development of further interconnection 
capacity across the boundary, as shown by the steepness of 
the curve before the knee point. An additional 1,000 MW of 
capacity across the boundary results in an increase of SEW 

of €130m/year. There are several projects proposed for this 
boundary that did not meet the criteria for inclusion in the 
reference grid. These projects can meet the needs that have 
been identified for the 2030 and 2040 horizons.

3. Market integration in 2030



Figure 3.2: Constraint duration of connections between adjacent bidding zones in 2030. From top to bottom: 
No investment after 2020, SEW-based needs 2030 and TYNDP Portfolio 2030. Network constraint duration, given 
as the percentage of hours where each line is congested, are shown on the right. Congestion percentages are 
totalled for both A > B and B > A directions. 
Power lines allow for bi-directional power flows. The directional capacity of a line can be heavily dependent on the network conditions of the country or region the line is connected to. Hence, Congestion in one 
direction can be different to the other. Here, we are reporting the total congestion for the line in both directions. A and B refer to the From and To countries that are connected via a cross-border transmission 
line respectively.
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SEW-Based needs 2030
No investment after 2020
Portfolio 2030



Figure 3.3: Map showing the main boundaries  considered in the TYNDP 2020.
Boundaries are areas between transmission grid regions where a significant need for transmission capacity has been identified and greater grid transmission capacity is required to increase overall social welfare.
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Figure 3.4: Relevant country boundaries indicating socio-economic growth (millions of EUR 
per year) with each stepped increase in each boundaries’ grid transfer capacity (in MW). 
Steeper SEW increases point to greater gains in socio-economic welfare.
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Figure 4.1: Comparison between the generation mix for National Trends 2030 for the 3 grid types: No investment after 
2020, IoSN SEW-based needs 2030 and Portfolio 2030.

Generation categories are grouped for legibility:

 › Coal: Lignite, Lignite CCS, 
Hard coal, Hard Coal 
CCS, Light oil, Heavy oil, 
Oil shale

 › Gas: Closed Cycle Gas 
turbine, Open Cycle Gas 
Turbine and Open Cycle 
Gas Turbine CCS

 › Total hydro wo pumping: 
Run-of river and pondage, 
Reservoir, Pumped Storage 
Open Loop (turbine) and 
Pumped Storage Closed 
Loop (turbine)

 › Pump storage consump-
tion: Pumped Storage 
Open Loop (pump) and 
Pumped Storage Closed 
Loop (pump)

 › Other RES: Co-fired and 
biofuel thermal plants
 › Battery: battery discharge 
i.e. generation from 
battery

 › Battery charge: i.e. battery 
consumption from grid
 › Power to gas: generation 
and load
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4. Sustainability in 2030
Working towards GB‘s ambition for a zero-carbon electricity 
system is no small undertaking.It’s not a case of simply 
encouraging enough sustainable suppliers to connect to 
the grid. The main challenge is maintaining a consistent 
supply, and being flexible to changes in demand. Where coal 
and gas-powered stations can control how much they burn, 
renewables can’t exactly change the wind or make the sun 
shine. Meaning the supply of energy from renewables can 
drop or rise suddenly depending on the weather. And this 
has big implications for GB‘s grid. The challenge is that both 
frequency and voltage fluctuate with demand. And while tradi-
tional power stations respond to these changes very quickly, 
by producing more energy or absorbing excess fromthe grid, 

sustainable suppliers currently have no way of doing either. 
So for the future system to be as flexible as our current one, 
a way is needed for energy storage and release energy on 
demand requiring new tools to improve our situational aware-
ness – forecasting future energy demands and preparing for 
environmental factors. So the electricity can be kept flowing, 
whatever the weather.

In Northern Ireland it is expected that the Department for the 
Economy will deliver a new Energy Strategy that will provide 
energy efficiency and renewable energy 2030 targets in the 
context of the UK’s commitment to deliver net zero carbon 
by 2050.

% RES generation of total  generation in 2030

68
IoSN SEW-based Needs 2030

65
No investment after 2020

66
Portfolio 2030
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Figure 4.2: Yearly curtailed energy in National Trends 
2030 (TWh/year), with 3 different grid sets: No invest-
ment after 2020, SEW-based needs 2030 and TYNDP 
Portfolio 2030.
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Figure 4.3: Total CO2 emissions in National Trends 2030 
for three different grid types: No investment after 2020, 
IoSN SEW-based needs 2030 and Portfolio 2030.
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Figure 4.4: The total, available CO2-free dispatchable 
energy from nuclear and biofuel generation (in TWh) for 
each grid case. Illustrates how much CO2-free thermal 
generation a country has left after dispatch.
Hydro was not included as it is impossible to distinguish which part of hydro generation is spilled. 
Thus, even though hydro is CO2-free and dispatchable source it was excluded from this calculation. 
As explained in the PCI 4-pagers, more low-emission, biofuel generators can be recruited as more 
cross-border capacity becomes available reducing network emissions. 
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Figure 4.5: Ratio between available CO2-free dispatchable 
energy and the total available energy of the country, 
for the IoSN SEW-based needs 2030, No investment after 
2020 and Portfolio 2030 grids.
The ratio shows how much of the available generation, after dispatch, is low-emission synchronous 
generation. Depending on the grid configuration and the availability of cross-border generation, 
the dispatch profile and the available generation pool can change, as stated for Figure 4.4.
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Ratio of curtailed RES production (TWh) to 
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5. Security of Supply in 2030
A key role of the energy system is to ensure security of supply. 
The analysis assesses different security of supply metrics for 
electricity and natural gas. For electricity, a reliability standard 
set by the Secretary of State currently three hours per year 
loss of load expectation (LOLE) – is met for all years in each 
scenario. The National Grid ESO, may need to take actions 
across our five core security areas to ensure operational secu-
rity – Thermal, Voltage, Stability frequency and Restoration. 
Aside from this, the Electricity Market Reform (EMR) aims to 
deliver low carbon energy supplies whilst maintaining Security 
of supply and minimising the cost to the end consumer. This 
is done by the introduction of the Capacity market (CM) and 
the Contracts for Difference.(CfD). CM aims to ensure the 
future security of our electricity supply at the lowest cost to 
consumers by providing a regular retainer payment to reliable 
forms of capacity, in return for such capacity being available 
when the system is tight whereas ( CfD) is one of the key 
mechanisms implemented by the UK Government as part of 
EMR to provide long-term price stabilisation to low carbon 

plant, allowing investment to come forward at a lower cost of 
capital and therefore at a lower cost to consumers

SONI, the TSO in Northern Ireland, working with the TSO in 
Ireland, estimates that the SEM will have to operate with up 
to 95% of generation being provided from non-synchronous 
sources (including HVDC interconnection) to deliver 2030 
renewable targets. This presents many technical challenges 
on a small system such as the SEM, including higher rates of 
change of frequency during contingency events, low system 
inertia and stability issues. Inertia and ramping concerns 
demonstrate a need for greater system flexibility into the 
future. Alongside the need for further interconnection, this 
flexibility could be provided by new and developing technol-
ogies, such as demand management, storage systems and 
rotating stabilizers. The SEM is implementing changes to 
significantly increase payments for ancillary services to both 
mitigate the highlighted issues and incentivize the develop-
ment of new ancillary service providers.

Beyond adequacy: future challenges in Security of supply
Beyond the necessity to efficiently ensure balance between 
production and demand at any time, the future system will also 
need to be operable in real time by TSOs. The changing envi-
ronment radically transforms the way this will be done, leading 
to new technical needs for the system. Transmission systems 
in Europe are increasing in complexity. Conventional generation 
is being displaced by new generation technologies that have 
different performance capabilities, generation is moving from the 
higher voltage levels to the distribution networks, and there is an 
increased level of interconnection between different synchronous 
areas. Many of the system services cannot be performed by solar 
or wind installations, because they do not include synchronous 
rotating masses. This increases both the interdependency of 
TSO processes to operate the system in a secure and efficient 
manner, and the need to take into account the challenges asso-
ciated with the operation of the future system when designing 
the transmission network. 

The inertia duration curve and residual load ramp curve present 
the situation created by the future energy landscape. Future 
studies will be necessary to clearly understand the scale and 
nature of measures to be taken by system operators in order to 
adapt to the situation of the 2030 and 2040 scenarios. Some of 
the needs may be addressed through the specification of capabil-
ities and services that users (generation or demand) are expected 
to provide as part of their connection. However, additional nation-
ally and regionally defined network reinforcement projects can 
also be expected to address the specific dynamic stability needs. 

The inertia duration curve presents the percentage of hours in 
a full year where, for the synchronous area of the country, the 
intrinsic inertia (expressed in seconds) from generators is above 
a given value. The larger the area, the more stored energy in the 
rotating masses of the synchronous generating units is available 
(inertia), which the system can benefit from. When unexpected 
frequency variations occur in power systems, the energy stored 
in the rotating masses of the synchronous generating units, 
by virtue of their inertia, is released providing instantaneously 
balancing of any mismatch between generation and supply. The 
level of inertia provides a useful assessment of the emerging 
challenges to system operability. 

The high variability of renewable energy sources will increasingly 
result in larger and faster imbalances in the electricity system. In 
this context, there is need to guarantee the necessary volume of 
reserves, in all time scales, as cases of unforeseen imbalances 
of generation and demand is increasing. 

The Residual Load Ramp is an indicator used to highlights this 
impact: the response (in MW/hour) that has to be provided by 
controllable generating units, in order to maintain the balance 
between generation and demand. The residual load duration 
curve depicts the percentage of hours in a year where, the 
residual load ramps are above a given value. In order to cope 
with this situation, new sources of flexibility stronger intercon-
nection will be necessary, for safe and secure operation of the 
power system.
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Figure 5.1: Net energy balance (TWh) for 3 grid sets considering the National 
Trends 2030 scenario. 
 Positive energy balance indicates the country is an exporter. Negative means the country is an importer. 

Figure 5.2: Ratio of the installed RES generation capacity to the installed 
conventional generation capacity in the years 2025 and 2030.



Figure 5.3: Residual load duration curve for 2030 scenarios  
(calculated excluding Northern Ireland).
Hourly residual load ramp is one parameter showing the challenges of operating a system with reduced amount of controllable units, 
high flexibility needs in normal operation, and a requirement to guarantee the necessary volume of frequency reserves for cases 
of unforeseen imbalances between active power generation and demand. The curves show the changes of residual load (demand 
minus RES) from one hour to the following hour. These curves thus express the response (in MW/hour) that needs to be provided 
by  controllable generating units or through interconnectors in order to maintain balance between generation and demand.

Figure 5.4: Inertia duration curve for 2030 scenarios.  
(calculated excluding Northern Ireland) 
Inertia is the estimated kinetic energy stored in the rotational masses of synchronous generators. The more RES penetration a system has 
the less inertia is available. The curve above illustrates how much inertia is available to the country as a percentage of hours during the 
year. Inertia determines how resistant a network is to sudden changes in the energy balance: higher inertia means higher stability. As RES 
penetration increases, system operators are beginning to explore new options to address this issue. Interested readers are directed towards 
ENTSO-e’s Inertia insight report, published on the TYNDP website.
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Figures 5.3 and 5.4 are generated for the synchronous area covering the island 
of Great Britain (illustrated in the inertia insight report, available on the TYNDP 
website). The Irish inertia contribution and residual load ramp curves are thus split 
between the islands of Ireland and Great Britain.

 2030, Distributed Energy
 2030, Global Ambition
 2030, National Trends

 2030, Distributed Energy
 2030, Global Ambition
 2030, National Trends

https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/


Brief explanation on the meaning of LOLE

The Loss of Load Expectation (LOLE) is the expected number of hours in which the 
hourly load exceeds the available generating capacity and available imports. This 
leads to hours wherein the supply cannot be met and load will have to be curtailed.

A non-zero value of LOLE indicates only a resource inadequacy in the market. It does not indicate a risk of blackout or load 
shedding, because ENTSO-E observes only the day-ahead situation, while TSOs have various tools to resolve situations of 
scarcity within the day. Circle radii reflect the magnitudes of the LOLE values for the corresponding zones. Zones without circle 
have LOLE values of less than 0.5 h.

Figure 5.5: Loss of Load Expectation in 2025 (ENTSO-E’s Mid Term Adequacy Forecast 2019)
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6. Interconnection targets in 2030

In 2017, the Interconnection Target Expert Group (ITEG) proposed alternative 
 indicators to the European Commission 15 % interconnection criteria of every 
country and electrical island, developed collaboratively between the EC, ENTSO-E 
and ENTSOG, industry, universities and other experts.

The methodology is based on the TYNDP Cost Benefit Analysis Methodology 
from 2018 and is based on 3 concepts: 

1. efficient internal energy market should be interpreted in 
competitive electricity costs throughout the EU. Member 
States should strive to minimise differences in wholesale 
market costs. New interconnectors will be prioritised on 
borders with a wholesale marginal cost difference greater 
than 2 EUR/MWh. This difference may be calculated at the 
borders of either member states, regions or bidding zones. 
This change may be calculated on borders of Member 
States, regions or bidding zones. The higher the cost 
difference, the higher the interconnection needs. 

2. The peak demand shall be met through the combination 
of national capacity and imports for every Member State. 
Member States should investigate options for additional 
interconnectors where its interconnectors’ nominal trans-
mission capacities are below 30 % of their peak load. 

3. The further integration of RES shall not be blocked by 
insufficient export capacity. RES for any Member State 
should be optimally integrated on a pan-European level. 
Countries for which the interconnectors’ nominal trans-
mission capacity is below 30 % of installed renewable 
capacity should study the options for electricity infra-
structure development.

In addition to the 3 indicators, as a condition sine qua non, 
each new interconnector must be subject to a socioeconomic 
and environmental cost-benefit analysis and implemented 
only if the potential benefits outweigh the costs.

Interconnectors import more affordable electricity from 
Europe, which reduces end-user bills and will save consumers 
millions of pounds a year by 2024. By connecting Great Britain 
to broader and more diverse sources of energy, interconnec-
tors are also contributing to making the electricity system 

more secure. Interconnectors allow operators to react quickly 
to swings in supply due to the intermittent nature of renew-
able energy generation. In 2019, interconnectors supplied 
8% (25 TWh) of total electricity consumption in Great Britain, 
rising to 9% in the first six months of 2020. 66% of this energy 
in 2019 came from zero-carbon sources. By 2025, intercon-
nectors will provide enough energy to power eight million 
homes via zero carbon sources. This network of European 
sub-sea, cleanenergy super-highways will help to reduce Brit-
ain’scarbon emissions from the power sector byapproximately 
17 per cent (6.0 million tonnes) by 2030 – accelerating our 
journey to net zero carbon.

Northern Ireland and Ireland form one wholesale electricity 
market area known as the Single Electricity Market (SEM). 
Therefore, the needs identified between the island of Ireland 
and Great Britain could be satisfied by capacity increases 
in either Northern Ireland or Ireland. None of the projects 
included in the reference grid increase capacity from the 
island of Ireland to Great Britain and continental Europe. The 
only project included in the reference grid is a reinforcement 
between Northern Ireland and Ireland, which allows the SEM 
to operate more efficiently, ensures security of supply and 
facilitates RES integration. The analysis and graphs show that 
further interconnection is required to

 › reduce the spread of the marginal cost between the island 
of Ireland and Great Britain and continental Europe; and

 › increase the ratio of interconnector capacity to peak load 
and installed RES generation.

Further interconnection through the projects in the TYNDP 
would facilitate further market integration, ensure security 
of supply and facilitate reductions in generation curtailment 
and CO2 emissions.



UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

ISR

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

ISRMTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

h

h

h

h

UA

TR

SI

SE 3

SE 4

SE 1

SE 2

RU

RU

RS

RO

PT

PL
NL

MKME

MD

LV

LU

LT

IT
HR

GR

UK

FR

FI

ES

EE

DKW 1

DKE 1

DE

CZ

CH

BY

BG

BE

BA

AT

CY

MTMA
DZ TN

AL

XK

IE

NI

SK

HU

ITn

ITcs

ITs

ITsic

ITsar

ITcn

NO 2

NO 1

NO 3

> 10.00 €/MWh

5.00–10.00 €/MWh

2.00–5.00 €/MWh

< 2.00 €/MWh

Figure 6.1: Yearly average difference in the marginal cost of electricity between neighbouring bidding zones in 
EUR/MWh in the cases where Europe would stop investing in the grid after 2020 (left) and with the expected grid 
in 2025 (right).
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Figure 6.2: Ratio of nominal transmission capacity to the peak load in 2030, in the situation where Europe would stop 
investing in the grid after 2020 (left) and in the expected grid in 2025 (right). 
Ideally, the demand in a country should be met exclusively through native and imported generation. This means the country should be able to ensure it has sufficient cross-border capacity to support its own 
demand and, when necessary, sell its generation to its neighbours. Countries in green have met the interconnection target while countries in red require substantial investment to expand cross-border capacity.
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Figure 6.3:  Ratio of nominal transmission capacity to the installed RES generation in 2030, in the situation where 
Europe would stop investing in the grid after 2020 (left) and the expected grid in 2025 (right). 
Countries with a low ratio of nominal transmission capacity to installed RES capacity require increased cross-border capacity to ensure they can export this additional energy and not have to resort to curtailment. 
Countries in green have met the interconnection target while countries in red require substantial investment to expand cross-border capacity.
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7. Perspectives on 2040
The National Grid ESO‘s Future Energy Scenarios (FES) outline 
four different, credible pathways for the future of energy over 
the next 30 years. Three of the four FES scenarios modelled 
show Great Britain reaches net zero carbon emissions by 2050 
or earlier, but make clear this requires immediate action across all 
key technologies and policy areas, with fundamental changes for 
energy consumers, particularly in transport, heating and energy 
efficiency. It’s estimated there will be over 30m electric vehicles 
by 2040 in the most stretching net zero scenarios. By 2050 up to 
80% of households with an EV will be ‘smart charging’ their car, 
plugging in outside of the evening peak when energy is cheaper 
and demand on the grid is lower. 45% of homes will actively help 
to balance the grid, offering up to 38GW of flexible electricity to 
help manage peaks and fill troughs in demand. Energy efficiency 
of housing also features homes no longer using natural gas 
boilers and 20 million heat pumps instead, with as many 8 million 
homes actively managing their heating demands by storing 
heat and shifting their use outside of peak periods. The anal-
ysis shows significant changes for the energy system too with 
emissions from the sector negative by 2030. This is generated 
by 40GW of offshore capacity and using Bioenergy with Carbon 
Capture and Storage, and the scaling up non-traditional sources 

of flexibility such as demand side response and storage. The full 
extent of COVID-19 will be examined fully in FES 2021 however 
there is already significant progress being made towards net 
zero, including ESO planning to operate a zero-carbon electricity 
system by 2025, but the fundamental changes outlined make 
it more important than ever to have a coordinated approach to 
decarbonizing the whole energy sector.
Additional needs between the island of Ireland and Great Britain 
and continental Europe to 2040 have been identified in the iden-
tification of system needs analysis. The generation portfolios for 
2040 are developed further from 2030, with significant increases 
in renewable generation. The 2040 studies show that with these 
generation portfolios, further interconnection to the island of 
Ireland is required, to allow for renewable generation integra-
tion and ensure security of supply. Compared to the reference 
grid, additional interconnection up to 3,400 MW was identified, 
consisting of up to 2,000 MW to Great Britain and 1,400 MW to 
continental Europe. As 2040 is well in to the future, the additional 
needs identified in this analysis will require further investigation. 
The large volume of renewable generation production in 2040 
will require additional flexibility on the grid to ensure security of 
supply and system stability are maintained.

Curtailed Energy* (TWh) CO2 emissions (MTonnes) Energy Balance (TWh) Average marginal cost 
(EUR/MWh)

IoSN SEW Based Needs 2040 5.85 7.41 16.83 27.77

No investment after 2025 10.65 6.16 5.31 26.41

* Curtailed energy calculated only at the country level, not bidding zone level

Figure 7.1: Curtailed energy, CO2 emissions, marginal price of the country’s bidding zone(s), and energy balance 
(in SEW-based needs 2040 and in the case where Europe would stop investing in the grid after 2025) 

Spread chart [€/MWh]

0

10

20

30

40

50

60

70

80

From bidding zone

Sp
re

ad
 [€

/M
W

h]

UK00 UKNI

To  b id d in g  zo n e BE00 D E00 D KW 1 FR00 N L00 N O S0 U K00 U KN I

Spread chart [€/MWh]

0

1

2

3

4

5

6

7

8

9

From bidding zone

Sp
re

ad
 [€

/M
W

h]

UK00 UKNI

To  b id d in g  zon e BE00 D E00 D KW 1 FR0 0 N L00 N O S0 U K00 U KN I

Figure 7.2: Average spread of marginal costs between this and neighbouring countries’ bidding zones for the cases 
where Europe would stop investing in the grid after 2025 (left) and the SEW-based needs grid in 2040 (right). 
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8. Read more

Find out more about the European and regional context and the details 
on the studies, methodologies, results and data source presented in this 
country factsheet on the TYNDP website. 
http://tyndp.entsoe.eu

http://tyndp.entsoe.eu
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