Techno-Economic assessment
of green energy sources

COMPARING THREE EXTREME ENERGY SCENARIOS FOR
THE NETHERLANDS IN 2050
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Problem statement
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Research motivation

* Can electricity demand be covered by green energy sources, offering full

supply security, and what are the consequences in comparison to nuclear
energy on the national level?
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* |nvestigated the impact from a techno-economic point of view:

1. Solar only with hydrogen/battery storage

===
2. Wind only with hydrogen/battery storage /\‘
3. Nuclear energy only <\|_'|2|

e Contributed to
e Societal question of the 100% renewable energy pathways
* Digitalizartion for national scale input-output models for energy systems




Methodology

* From Integrale Infrastructuur 2030-2050 (I13050) to define scenarios
in the Energy Transition Model (ETM).

* Explanation about [I3050 outlook (v2).
* Whatis ETM, and why do we use it?
* ETM methodological assumptions and limitations.



Methodology — Scenario development

IP2024scenarios | I3050 v2scenarios )

Decentral initiatives

' National leadership

. European integration

International ambition

Interrelationship between the 2024 IP scenarios and the final pictures for 113050-2.
IP: Investment plan of the network operators
ND: National Driver scenario
KA: Dutch Climate Ambition scenario | In 2022 IP: Dutch Climate Agreement scenario
|A: International Ambition scenario



Methodology — ETM

Goal
Renewable energy & Nuclear
energy

Working towards net zero in 2050 (Integrale
energiesysteemverkenning 2030-2050), ETM was

Supply

developed for modeling energy systems within a A
study for PBL (Netherlands Environmental :
Assessment Agency).

ETM couples the energy transition from the scenarios
to in- and out-flows of materials and stock of materials
using dynamic material flow analysis.

Calculation method is based on primary energy, o

using a bottom-up allocation method, which means
each energy conversion process aSS|gns primary
energy by tracing inputs upstream to primary
sources.

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
(households, industry, etc.).

( Results & data )




Methodology — ETM assumptions

Included

* Emissions of imported energy carriers
(imported ammonia, electricity, heat,
hydrogen, etc.)

* Conversion and transportation losses

e Calculation of CO2 emissions resulting
from natural gas feedstock

* Emissions related to the final demand of
non-energetic hydrogen and ammonia.

Excluded

* Emissions of exported energy carriers.

* Emissions of international aviation and
shipping, etc.

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



Comparative results — Primary demand
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Comparative results — Renewables
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Comparative results — Electricity production
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Land use — Wind and Solar scenarios
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Comparative results — Annual costs
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Comparative results

Overview yearly costs (bln €/GW)
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Conclusion and remarks

* To cut carbon emissions in the Netherlands to below 10 Mt per year by 2050, Carbon Capture, Utilisation
and Storage (CCUS), as well as CO2 transport by pipeline, are among the key solutions.

 The Wind-based system delivers the largest renewable output, followed by Solar, whereas the Nuclear
pathway has the lowest renewable share, given that Nuclear is not defined as renewable.

* Primary energy demand is highest in the Nuclear scenario, followed by Wind and then Solar which is
justifying the highest losses in nuclear scenario and highest efficiency in solar scenario.

* Therequired installed electricity production capacity is largest in the Solar-only system, intermediate for
Wind-only, and lowest for Nuclear system.

 The vast amount of land required for Wind and Solar infrastructures indicates significant burdens for
extreme expansions.

* Interms of both yearly costs and additional infrastructure costs, the Nuclear scenario has shown the
lowest while Wind has the highest in the majority the cost groups and total cost. However, the cost per GW
shows the highest for Nuclear and lowest for Solar given the supply differences.

* The costs of infrastructure and flexibility resources (storage and conversion) represent 20-30% of the total
costs of the energy system.



Limitations and future work

* The cost methodology does not provide information on costs for end users or other
stakeholders and considers only the direct costs of the energy value chain containing
depreciation costs, capital costs, fuel costs, emission costs, and operations and
maintenance (O&M) costs.

* With our methodology, we underestimate limitations such as land availability for renewable
projects, broader supply chain limitations, and labor costs etc.

* Broader environmental impacts, beyond carbon (climate) neutrality have not been assessed
as they were not captured by ETM.

* Future work can be done with a sensitivity analysis for a comprehensive understanding of driving
factors such as storage and curtailment.

* Although this study was created based on extreme scenarios, the results demonstrates the
highest potential for each energy source and thus how reliable they can perform in terms of
energy infrastructure and resource flexibility.



Thank you for your attention!
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