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EXECUTIVE SUMMARY



SCOPE AND PURPOSE OF THE  
NORTH SEA ENERGY OUTLOOK (NEO)

The North Sea Energy Outlook (NEO) provides an 
overview of the possibilities offered by the North Sea for a 
sustainable Dutch energy supply. It provides stakeholders 
with a common knowledge base in relation to expected 
developments in the energy system and related topics.

The aim of the NEO is to present a picture, sector by 
sector, of the possible role the Dutch Continental Shelf 
(NCP: Nederlands Continentaal Plateau) could play in the 
energy system over the period 2030-2050. It does so by 
providing an insight into the technical possibilities, costs, 
and economic opportunities for energy production in the 
North Sea. It also looks at the possibilities for CO2 storage 
and hydrogen production and storage. This means the 
energy system in the North Sea cannot be viewed 
separately from the onshore energy system in the 
Netherlands or in other countries bordering the North Sea. 
The interactions with these interfaces are described in the 
NEO, but not discussed in detail. Decisions concerning the 
use of space at sea also fall outside the scope of the NEO.
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Figure 0-1 Starting points of the North Sea Energy Outlook

Starting points of the NEO are:
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METHODS AND SCENARIOS

Figure 0-2 Scenario overview

To gain insights into the energy system of 2050, we present 
two scenarios: a self-sufficient scenario and an import-
dependent scenario. For each scenario, we looked at four 
energy types: electricity, hydrogen, natural gas, and CO2.

For the starting point of 2030, we created a forecast for 
the energy system based on the most likely developments 
resulting from continuing current policy. In situations where 
concrete policy objectives do not currently exist, we based 
our forecast on generally recognised information sources 
such as the 2019 Climate and Energy Outlook issued by 
the Netherlands Environmental Assessment Agency, in 
combination with known industrial plans.

The final picture for the Import-Dependent Scenario is 
based on relatively small-scale production in the 
Netherlands and significant dependence on foreign supply. 
The Self-Sufficient Scenario is based on maximising 
domestic production and restricting imports from abroad. 
Depending on international market conditions, in this 
scenario it may be possible to actively export renewable 
energy.
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Natural gas
Gas extraction in the North Sea is expected to decrease 
substantially between 2030 and 2050. By 2030, it is 
anticipated that 387 PJ of natural gas will be extracted per 
year. There is a broad consensus that gas extraction will 
significantly decline, until a forecast level of 0-31 PJ per 
year is reached in 2050. This trend depends on market 
conditions, with major producers such as Russia and 
Norway exercising considerable control over gas prices. 
In this market, the Government’s ability to affect the 
competitive position for Dutch gas through policy 
measures is limited.

Primary domestic demand for gas (including green gas) 
will fall to 14-102 PJ per year, and North Sea gas will be 
able to supply the majority of domestic gas demand. 
If North Sea gas is used, it must be combined with CO2 
capture and storage or CO2 offsetting, in view of the Paris 
climate targets. Onshore green gas production is a viable 
alternative to meet primary gas demand; green gas can 
also be used as a fuel for electricity production.

Finally, there is a possibility of using natural gas for the 
production of so-called “blue hydrogen”, with a maximum 
demand of 363 PJ. Only a fraction of this demand can be 
met from the North Sea; the remainder would likely need to 
be met through imports. Since blue hydrogen production 
goes hand in hand with CO2 capture and storage, it is not 
necessary to use green gas in this process.

CO2
The expected level of CO2 storage in 2030 is 10.2 Mt per 
year. In the Self-Sufficient Scenario, annual CO2 storage 
will increase to 26.8 Mt per year by 2050. In the 
Import-Dependent Scenario, it will fall to 4.6 Mt per year 
by 2050.

The expected cumulative storage capacity in empty gas 
fields on the NCP is estimated at 1,678 Mt. With an 
estimated cumulative storage demand of 201 Mt and 
434 Mt respectively, no storage constraints are anticipated. 
Around 1,400 Mt of the total storage capacity is expected 
to be available by 2030. There is a risk some existing gas 
extraction infrastructure that could be re-used for CO2 

storage will be removed before re-use is possible. 
Like Norway, the Netherlands has excess storage 
capacity. That opens up the opportunity of importing CO2 
from countries with limited domestic storage options, such 
as Belgium and Germany. It will be necessary to determine 
to what extent this is desirable, and whether storage costs 
in the Netherlands are competitive with alternatives abroad.

Trends in natural gas, CO2 and  
renewable energy

Offshore wind
In the period 2030-2050, offshore wind will make up the 
majority of electricity production in the Netherlands. 
Expected capacities of 38 GW or 72 GW was factored into 
the Import-Dependent and Self-Sufficient Scenarios 
respectively. To achieve these targets by 2050, a higher 
rate of growth is required than currently planned for the 
period 2020-2030. If future prospects are satisfactory, it is 
expected the industry can scale up to the extent required.

Innovative production technologies
What if new technologies such as floating solar PV, 
airborne wind energy, or aquatic biomass experience 
growth comparable to that of offshore wind energy? 
An analysis of innovative renewable technologies suggests 
from 2030 onwards, floating solar PV and aquatic biomass 
will be sufficiently mature to be able to make a significant 
contribution to energy supply from the North Sea. 
The analysis also shows a projected contribution by 2050 
of up to 10 GW from both floating solar PV and aquatic 
biomass. The projection for airborne wind energy is limited 
to a maximum of 1.4 GW.

Based on production costs, it is unlikely these technologies 
could compete with offshore wind by 2050. This may not be 
the primary driver for future development. There are other 
advantages to the application of innovative technologies, 
such as the possibility of a multipurpose use of space and 
an increase in the efficiency of transport infrastructure due 
to a more consistent production profile.



04 05

OPTIONS AND DECISIONS

The strong growth of renewable energy, and offshore wind 
in particular, will lead to constraints unless adjustments 
are made to the energy system. This is clear from studies 
conducted in the context of the Climate Agreement. These 
constraints will arise during the technical integration of the 
energy (space, capacity, balancing of supply and demand). 
Issues may also arise when integrating the generated 
energy into the energy market, which could compromise 
the financial appeal of renewable energy. Without systems 
integration, the 2050 objectives could be jeopardised. 
Hydrogen is expected to play an important role in future 
energy supply as a raw material for industry, as an energy 
carrier for transport, and as a storage medium.

Supply and demand of the energy types
One of the key driving forces in the development of 
renewable sources in the North Sea is meeting onshore 
energy demand. For both the Import-Dependent and the 
Self-Sufficient Scenario, the consequences of meeting 
onshore hydrogen and electricity demand were examined. 
For the combinations of the Import-Dependent Scenario 
with a low energy demand or the Self-Sufficient Scenario 
with a high energy demand, the remaining energy demand 
in the Netherlands can be met with onshore production. 
Where there is an imbalance between supply and demand, 
economic risks and opportunities can arise.

 Minimal production and maximum demand lead to a  
 high dependence on imports. To prevent conversion  
 losses, it is desirable to land the electricity produced 
 by offshore wind by electrical means where possible. 
 Imports can be used to meet demand for hydrogen.  
 However, a sufficiently large hydrogen market would  
 need to exist abroad to guarantee security of supply of  
 imports.
 Maximum production and minimal demand would  
 lead to an excess of electricity generated, even after  
 meeting demand for hydrogen. This would create an  
 economic opportunity for export. A precondition for 
 export is that sufficient demand must exist in other 
 countries. This excess could also be used for domestic  
 production of synthetic fuels. If this is not the case, the  
 lack of a market for hydrogen might mean investments  
 lag behind the assumed production scenario.

There is too little information available at present to make 
concrete predictions about developments abroad. It would 
therefore be advisable, in the short term, to maintain a 
balance between domestic supply and demand, while 
responding flexibly to developments in other countries and 
adjusting policies when economic opportunities arise.

Systems integration analysis
There are several ways of meeting all or part of Dutch 
demand for hydrogen and electricity with North Sea 
production. Optimisation of these involves a complex 
interplay of technical possibilities and developments in 
supply, demand, costs, and benefits. It goes without saying 
that meeting energy demand cannot be viewed solely from 
the perspective of annual volumes. Energy production, 
in combination with energy storage, must be capable of 
meeting energy demand on an hourly basis.

The NEO contains no statements regarding the optimal 
ratio of hydrogen to electricity or the optimal technical 
solution for integrating North Sea energy production. 
At present, too little is known on these subjects. 
Currently-available knowledge has been incorporated into 
the NEO and missing knowledge identified to provide a 
basis for future policy. In this regard, a distinction is made 
between:

 Physical integration: Capacity and space constraints, the  
 options for preventing these, and the possible limitations  
 of technical solutions.
 Market integration: An assessment framework for 
 decisions between different technical solutions based  
 on the associated costs and benefits, including insights  
 into the potential impact on the electricity and hydrogen  
 markets.

Physical integration
From 2030 onwards, increasing offshore wind production 
may lead to constraints with regard to grid capacity and 
space for transmission cables. These space constraints may 
arise in relation to cable corridors, dune crossings, and 
onshore substations. There is a wide range of solutions to 
prevent such constraints, on both a local and an 
international scale. Solutions may also be found within 
the electricity system or by integrating the electricity and 
hydrogen supply chains.

Preventing these constraints will depend on trends in hourly 
supply and demand. In addition to the quantity of demand, 
the location and availability of local flexibility will also play a 
role. There is currently too little information about the 
possible capacity and space constraints that might arise 
between now and 2050. A number of studies are being 
conducted that may provide greater insight into this issue, 
such as the Critical Energy Infrastructure Programme and 
the 2030 Flexibility Study. It is important the insights from 
these studies are combined with the NEO to create a 
comprehensive overview of infrastructure needs and 
options. When decisions are subsequently made, based on 
these studies, it is essential to base these on the system in 
2050, instead of focusing on short-term optimisation. 
Until definitive decisions are made about the future energy 
system, it is important no technical solutions be excluded.
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Figure 0-3 Technical options for the integration of North Sea power production

Market integration
The development of offshore wind has been extremely 
successful. In spite of this success, there are concerns 
about the long-term financial feasibility of offshore wind. 
As a result of increasing supply between now and 2050, 
without remedial measures, the value of offshore wind 
energy may fall to 65% of the annual average market price. 
This could lead to investments in offshore wind drying up. 
During periods of low supply, system costs could increase 
significantly, because a reserve capacity must be 
maintained.

In the long term, the outlook for renewable energy is 
favourable. According to the European Commission, by 
2050 emission-free electricity (with 84% coming from 
renewable sources) will meet nearly half of the EU’s energy 
demand. To achieve this outcome, clear objectives must be 
set for the electrification of industry, the transport sector, 
and the urban environment, and for the development of the 
hydrogen sector.

Within the technical preconditions of physical integration, 
economic optimisation of transport and conversion routes 
will be required. An integrated systems approach will be 
important.

Until 2030, electricity transmission will be cheaper than the 
hydrogen route. In the future, this relationship will change, 
due to the falling cost of transmission components. From 
a systems integration or physical constraints perspective, 
it may also be necessary or desirable to use hydrogen 
to transport energy. Significant cost advantages may be 
achieved by combining the connection of offshore wind 
farms with electricity market interconnectors. A decision 
may be made to use an island as a hub.

When national infrastructure is constructed as planned, it 
would be a no-regret measure for this infrastructure to also 
be connected to other countries. This would encourage 
exchanges with foreign markets.

If the supply of renewable energy increases, the need for 
storage will also increase, to cope with daily and seasonal 
fluctuations in supply and demand. Determining the 
amount of storage required and conducting an economic 
cost-benefit analysis fall outside the scope of the NEO. 
In many cases, the role of hydrogen is seen as a supply 
buffer for seasonal storage.

Re-use of offshore wells and platforms may lead to cost 
savings in the opening up of storage and transport for both 
hydrogen and CO2. Performing additional detailed 
studies into the suitability of wells, platforms, and pipelines 
is recommended.
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TRANSITION DECISIONS AND ACTIONS

The period from 2030 to 2035 will be essential in shaping the energy system of 2050, since this period will 
determine the direction the Netherlands will be taking once the Climate Agreement targets no longer apply. 
Due to the long lead times of technical projects (around five years for offshore wind and up to ten years for 
infrastructure projects), this means decisions must be made and actions taken before 2030.

Thirteen no-regret measures have been identified as adjustments to the energy system that could be 
implemented in both scenarios to keep future adjustment options open. It is important decisions be made 
on the basis of accurate data and that technical solutions are not prematurely excluded.

1. Future decision-making will benefit from an integration of current programmes (Critical Energy 
 Infrastructure, North Sea Programme, II3050, and 2030 Flexibility Study) to identify constraints, solutions,  
 costs, and benefits across the entire supply chain.
2. Developing a shared vision of the future role of electricity, hydrogen, natural gas, and CO2 and the 
 associated role of the North Sea. This should provide sufficient certainty for stakeholders to implement  
 their plans. The correct division of roles between market players and Government is an important 
 precondition for success.
3. In addition to the plans for a domestic national hydrogen backbone, steps could be taken towards 
 international connections via an international infrastructure and market for hydrogen. This would provide  
 opportunities to expand the international hydrogen market.
4. Meshed grids and energy hubs are the two most important technical solutions for improving integration 
 of offshore wind production in the North Sea into the international energy market. Although these 
 solutions are not expected to be operational before 2030, it is important to make preparations to enable  
 them to be implemented after 2030.
5. Over the long term, the re-use of existing offshore infrastructure could mean significant costs savings. 
 Before this can happen, an analysis must be performed to identify which infrastructure is suitable to be 
 re-used for the transport and storage of hydrogen and/or CO2.
6. To prevent offshore oil and gas infrastructure being closed before 2030, rendering it unable to be used 
 for the storage and transport of CO2 or hydrogen, in the short term a number of directives and an 
 abandonment policy for offshore oil and gas infrastructure would be desirable.
7. Over time, offshore electrolysis and offshore transport of hydrogen may compare favourably with electric  
 transport combined with onshore electrolysis, due to savings in transport costs and space. To this end, 
 it will be necessary to acquire experience with regard to the technical feasibility of offshore electrolysis. 
 This may also lead to lower future investment costs.
8. Creating favourable market conditions, which will result in a healthy and stable business case for offshore  
 wind in the long term. This could be done in a number of ways, including via tender mechanisms, by 
 stimulating demand, or through a direct connection with electrolysis.
9. Expanding the assessment framework for space allocation in offshore wind areas. This will require a 
 choice to be made between capping energy production per km2 (incurring higher costs due to increased  
 losses) and minimising production costs.
10. The optimum ratio between the amounts of offshore transport with electricity and hydrogen is not yet  
 known. Consideration could be given to reserving sufficiently wide offshore corridors for transport with  
 electricity cables and/or hydrogen pipelines.
11. Designating offshore sites large enough to enable an independent business case for transport with 
 hydrogen or electricity and to prevent existing infrastructure from being locked in.
12. Permitting cable pooling – allowing floating solar PV projects to use the electrical infrastructure of wind  
 farms – may help enable the profitable use of this innovative technology.
13. In the relatively near future, onshore hydrogen storage may become a constraint on energy storage 
 demand. It would therefore be desirable to facilitate the expansion of onshore hydrogen storage.
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After 2030, further decisions will have to be made. 
However, due to long lead times, the effect of these 
decisions will not be seen for some time, making them 
of less fundamental importance.

1. Regular evaluation of progress in relation to plans, 
 including adjusting objectives and adapting 
 mechanisms.
2. Identification of possible overlaps between hydrogen  
 and CO2 storage in offshore gas fields, including an 
 assessment framework for the allocation of offshore 
 infrastructure and gas fields.
3. Floating solar PV, aquatic biomass, and airborne wind  
 energy are reaching a mature stage in their 
 development, which will require policy focused on 
 upscaling.
4. Constraints may arise due to maximum utilisation of  
 offshore electrical connections. A contribution could be  
 made here by policy and technical optimisation focusing  
 on reducing the spatial footprint.

REFLECTION AND POTENTIAL LOCK-INS

The North Sea could play a critical role in the energy system 
of 2050. However, there is still uncertainty about what this 
role will be. The main reason for this is there is not enough 
information currently available for concrete decisions to 
be made for the long term. Multiple research projects are 
currently underway, aiming to better identify what 
adjustments to the energy system are needed, what 
contributions the various technical options could make, 
and what the relative costs of these options might be. 
These projects can identify what is possible, but it is ulti-
mately up to politicians and society to determine what is 
desirable. In doing so, a number of matters must be 
considered. Leaning too far in one direction or making 
hasty decisions may lead to lock-ins which would be 
sub-optimal in the long term:

 A one-sided focus on electrification, for example, could  
 limit the amount of green hydrogen available as a 
 decarbonisation option for industry, while a one-sided 
 focus on hydrogen might restrict the amount of green  
 power available for electrification.
 The premise for both scenarios is that gas extraction  
 in the North Sea is heading towards 0 PJ, with a modest  
 demand for extracted gas or green gas still existing. 
 This will exclude the use of domestic natural gas and  
 natural gas products such as blue hydrogen. 
 Alternatively, it could be decided there should be an  
 ongoing role for natural gas, with natural gas exploration  
 and drilling in the North Sea being encouraged. 
 However, the large-scale application of onshore blue 
 hydrogen could keep green hydrogen out of the market  
 and create a lock-in for CCS.

 A one-sided focus on offshore wind could lead to 
 fluctuations between demand and supply, which would  
 have to be resolved by creating additional onshore 
 flexibility at a high cost.
 Leaving development entirely up to the market could  
 lead to short-term rather than long-term optimisation,  
 focusing on individual situations instead of the system  
 as a whole, while too much government intervention  
 could lead to decisions being made too early, outpacing  
 developments in technology and costs.
 A proactive policy with an international focus could 
 unlock opportunities with regard to exporting green  
 power or hydrogen. Over time, however, other countries  
 may be able to produce electricity more cheaply, leading  
 to the Netherlands losing its market share and ending up  
 with overproduction or stagnating investment.
 Stimulating an international market and international 
 infrastructure for CO2 could create a lock-in for CO2 
 storage during the depreciation period or operational  
 service life of the CO2 infrastructure.
 Stimulating floating solar PV, aquatic biomass, or 
 airborne wind energy could create a privileged position  
 for a single technology, blocking the market for other  
 innovative technologies.

Before making decisions about the energy system of 2050, 
Government must develop a shared vision in consultation 
with producers, consumers, infrastructure managers, and 
other stakeholders to jointly determine the desirable 
direction to take. Agreement about the direction is 
important, to provide clarity and thus attract investment. 
Yet sufficient flexibility must also be maintained with regard 
to the contribution of the North Sea, to ensure an 
ongoing ability to respond to future domestic and 
international developments.
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