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TOWARDS A RELIABLE, AFFORDABLE AND FAIR SUSTAINABLE ENERGY SYSTEM

THE NETHERLANDS HAS A CO2-FREE ENERGY SYSTEM IN 2050
TARGETS

KLIMAATAKKOORD 2019

Energy system changes (production and usage)

Transition towards a renewable energy system

Wind turbines and solar panels take over the role of coal- and gas-fired power plants

Natural gas from Groningen reduces in size

Electricity will become the primary energy carrier

New dynamics and dependencies in the energy system lead to new challenges



Robust outcomes from various scenario studies indicate that:

The share of electricity in the energy supply will double or triple

The bulk of the electricity will be supplied from:

Offshore wind energy 

Onshore wind energy 

Solar energy

Due to the fluctuating nature of energy from the sun and wind, 

the installed capacity is increasing significantly: 

The capacity factors

Offshore wind energy → 50-60% 

Onshore wind energy → 25-40%

Solar energy  → 10%

The established wind and solar capacity will exceed the maximum 

electricity demand, resulting in a surplus of electricity under 

favourable weather conditions.

LARGE AMOUNTS AND HIGH CAPACITY OF RENEWABLE ELECTRICITY
NEW DYNAMICS IN THE ENERGY SYSTEM

Source: TNO, Scenario’s voor een klimaatneutraal energiesysteem, 2020
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How do we keep the right 

energy carrier available at the 

right time, with the right 

amount and in the right place?

How can we utilise the benefits 

of the energy transition and 

minimise the societal costs?

How do we make the energy 

transition a guaranteed success, 

both without exclusion and with 

a support base and fair sharing 

of responsibilities?

RELIABLE

Less predictable energy production 
due to dependence on the sun and 
wind

Energy production no longer attuned 
to demand

Surpluses and shortages of energy 
production are increasing

Current energy grid does not provide 
for a sustainable future

OF A SUSTAINABLE ENERGY SYSTEM
CHALLENGES

AFFORDABLE

Investing in a sustainable energy 
system is a major societal challenge 

Accelerated cost reduction through 
innovation means lower costs for the 
future energy system

FAIR

It is not only technology which is 
changing – the societal context also 
changes

The collective involvement of all 
parties is needed to make the 
energy transition a success



THE 

DUTCH 

WAY

Large and complex tasks

Giant projects 

Vision, Innovation, Organisation.

The energy transition requires 
precisely the same from us... 
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SWITCH Fieldlab

Utilities: IT, internet

Schakelcontainer: 
offgrid/ongrid

Trafo 200 kVa; 
400 V → 10 kV

50 kWh battery

Solar panels: 
45 kWp

Electrolyser: 25 kW



6 wind turbines: 
10 kW  each

Free spaces:
adding components to 

the lab

SWITCH Fieldlab

Direct integration solar 
with wind turbines
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x5-fold increase by 2030 and a x25-fold increase by 2050 (212 GW North Sea) to reach targets; the planned roll-out rates however are not 

enough to meet the climate goals. 

To utilize wind power optimally, need to change the way wind farms are connected

BY CHANGING THE WIND FARM CONNECTIONS
HYBRID PROJECTS ENABLERS TOWARDS CLIMATE NEUTRALITY

Progress towards hybrid projects: generation hubs connected to two or more countries 

2021 20322025 2040 2048

Sources
1. Progress on Meshed HVDC Offshore Transmission Networks” modelled a large scale up of offshore wind energy projects and energy hubs in the North Sea
2. North Sea Wind Power Hub

National projects: wind farms connected 

radially to the shore & cross border 

interconnectors developed separately.

Energy Islands beyond 2030 and potential design offshore transmission grid options by 2050 

https://windeurope.org/wp-content/uploads/files/about-wind/reports/WindEurope-Our-Energy-Our-Future.pdf
http://www.promotion-offshore.net/
https://www.tennet.eu/our-key-tasks/innovations/north-sea-wind-power-hub/


IJmuiden Ver to UK: NL wind farm -- UK and NL markets. 

Combined Grid Solution IJmuiden Ver to Norfolk:  NL wind farm – UK 

wind farm 

COBRA Cable : DE wind farm -- NL and DK markets

DE OWF to NL : DE wind farm -- NL market 

North Sea Wind Power Hub: offshore wind farms to several North 

Seas countries via a hub in proximity to the Dogger Bank area, 

potential split into three to four energy island)

BETWEEN 5 TO 10% OF TOTAL PROJECT COSTS SAVINGS

FIVE HYBRID PROJECTS ESTIMATE SIGNIFICANTLY MORE 
BENEFITS THAN ITS CONVENTIONAL CASE

Sources: 
Progress on Meshed HVDC Offshore Transmission Networks” modelled a large scale up of offshore wind energy projects and energy hubs in the North Sea
European Commission , Roland Berger GmbH (2019), Hybrid projects: How to reduce costs and space of offshore developments, North Seas Offshore energy Clusters study

Business as usual

National Distributed 

Hubs

European 

Centralized hubs

European 

Distributed hubs

http://www.promotion-offshore.net/
https://op.europa.eu/en/publication-detail/-/publication/59165f6d-802e-11e9-9f05-01aa75ed71a1


How to optimally integrate power-to-X with wind power ?

How to integrate the wind turbines and technical systems on the islands in new efficient ways ?

HOW THE ENERGY ISLAND FITS INTO THE WIND BUSINESS CASE
TNO RESEARCH

DESIGN EUROPEAN CENTRALISED HUBS

propose several AC central hubs to which

several OWFs are connected. Power is

evacuated to shore via strong DC

connections connecting different

countries.

INSTALL CAPACITY > 10 GW

believed to provide the highest benefit.

Sources: 
Progress on Meshed HVDC Offshore Transmission Networks” modelled a large scale up of offshore wind energy projects and energy hubs in the North Sea. Final Report (2020)
A Mars mission for the Energy System, 2021 White Paper

https://www.promotion-offshore.net/fileadmin/PDFs2/Final_Report_15122020.pdf
https://www.cee.elektro.dtu.dk/-/media/Centre/CEE_El_og_Energi/news/2021/The-Energy-Islands-a-Mars-mission-for-the-Danish-energy-system.ashx?la=da&hash=BF3F8837E8797335A8E9337EF2F555EB92385E0A


“ISLAND TOOL”:  PROFIT AND ASSET OPTIMIZATION MODEL
TNO RESEARCH

Aggregated wind farms

Storage and conversion assets 

Multiple country connections and/or markets

Full year assessment based on future day-ahead prices

Value-adjusted LCoE to value the potential 

upside/downside and match market demands

Applicable for operational and planning optimization, 

including infrastructure settings
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Balancing system resilience, ensuring that the islands can deliver stable and reliable power
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