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Introduction

To explore strategies for achieving net-zero emissions by 2050, this study

iInvestigates three extreme energy scenarios for the Netherlands: nuclear-only,
wind-only, and solar-only systems. While renewable energy systems offer
technically viable routes towards deep decarbonization, questions remain
regarding their security of supply under challenging conditions. Conversely,
nuclear-based systems face different technological, economic, and societal
challenges including feasibility issues and import dependencies. The study
investigates the feasibility and implications of different pathways towards a
climate-neutral energy system, highlighting capacity requirements across
energy sources. The results provide insights to support policy-making, societal
discussions, and future energy system planning.

Methodology

The study is built on the Integrated Infrastructure Outlook 2030-2050 (113050),

which provides a comprehensive view of the energy infrastructure and flexibility
resources needed to achieve net-zero emissions. Using this framework, the
three scenarios are developed and defined in energy transition model (ETM).
The model applies a primary energy-based accounting method using a bottom-
up allocation approach, in which each energy conversion process traces inputs
upstream to their primary sources. The scenarios in this study are structured
around five key modelling components according to ETM: 1) demand, 2)
supply, 3) flexibility, 4) emissions and 5) costs and efficiencies. All scenarios
are developed based on 113050 national leadership pathways and scaled to
represent extreme supply configurations. It should be noted that emissions are
assigned to the sector in which energy is used, rather than the location of
emissions. This means that emissions from electricity production are attributed
to all sectors that use electricity.
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The modelling includes:

1 Emissions associated with imported energy carriers and hydrogen, industrial
feedstock, and emissions related to the final demand of non-energetic
hydrogen and ammonia, plus conversion and transport losses,

1 Hydrogen as an energy carrier produced via electrolysis,

1 Electrolyzes in the solar and wind scenarios, to convert surplus electricity
iInto hydrogen and to support seasonal adequacy and sector coupling,

] Battery storage complements hydrogen to manage diurnal variability.

The modelling excludes:
1 Emissions of exported energy carriers,
d Emissions of international aviation and shipping, etc.

d LULUCF (Land Use, Land Use Change, and Forestry) emissions

Results

In the 2019 reference scenario, the primary demand is fossil-dominated (oil
and natural gas) with high conversion losses. Towards the 2050 pathways,
all scenarios shift to single, low-carbon primary energy sources, with fossil
fuels becoming residual. In the Wind Scenario, primary demand consists of
wind electricity and hydrogen (sector coupling via electrolysis).

Similarly, the Solar Scenario consists of solar electricity and hydrogen;
however, this scenario has the lowest total primary demand, consistent with
its different balancing needs and potential curtailment. In the Nuclear
Scenario, the total primary demand is the highest, mainly due to thermal
conversion accounting, with nuclear energy as the primary energy source.
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In 2019, renewables provide only a minor share of total supply, distributed
across small contributions from biomass-based heat, fuels, and biogenic
waste. In the 2050 wind pathway, renewable supply is reflecting large-scale
sector coupling (power-to-nydrogen) for balancing and hard-to-electrify end
uses. In the 2050 solar pathway, the renewable shows smaller shares of
renewable fuels and biomass/ambient heat. In the nuclear-only pathway,
total renewables remain considerably low, with only residual contributions
from biomass, ambient/geothermal heat, and renewable fuels, consistent
with nuclear providing most primary energy yet not classified as renewable.
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In the wind pathway 2050, total capacity increases markedly, including
dispatchable hydrogen-based power plants and limited storage to cover low-
wind periods. The solar pathway requires the largest nameplate capacity: PV
dominates the mix and substantial overcapacity is needed to compensate for
low-capacity factors and strong diurnal/seasonal variability, with hydrogen-
based dispatchable units and storage providing adequacy during low-solar
periods. In the nuclear-only pathway, total capacity remains comparatively
modest, with smaller contributions from renewables and backup units.
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Cost comparisons show important distinctions between total yearly costs and costs per
gigawatt. Total costs peak for solar (€110 billion), followed by wind (€90 billion) and
nuclear (€55 billion). Per installed power, however, nuclear ranks highest (€1.20
billion/GW), with solar (€0.40 billion/GW) second and wind (€0.10 billion/GW) third.
Flexibility requirements drive this divergence: both solar and wind need greater installed
capacity with battery/hydrogen storage backup, increasing total costs despite lower per-
GW prices.
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Conclusion

1 Flexibility needs: Nuclear is stable with low flexibility; Wind & Solar require Nuclear is
stable with low flexibility; Wind & Solar require Nuclear is stable with low flexibility; Wind
& Solar require more short-term (batteries) and long-term (hydrogen/gas) storage.
1 Renewable share: Wind > Solar > Nuclear (nuclear is not renewable)
 Primary energy demand: Highest in Nuclear, then Wind, lowest in Solar.
A Installed capacity: Largest for Solar, intermediate for Wind, lowest for Nuclear.
O Land use: Wind & Solar need extensive land, posing expansion challenges.
1 Costs: Nuclear has lowest total cost, Wind highest; cost per GW highest
for Nuclear, lowest for Solar
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