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Interest in the Energy-Material-Nexus Has Increased Over the Last Decade
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Introduction to raw material assessment methods

=
. ﬁ@ Model-supported vs. model-based methods
Improve the Modelling and

Assessment of Raw Materials
in Energy System Models

Challenges of current assessment approaches

Best practice advice for future assessment

Icons by Design Circle, kerismaker, Mayor Icons and Freepik from https://www.flaticon.com/
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Assessing the Raw Material Demand of Energy Systems Starts at the Technology Level

Material demand assessment

material requirements of
technology X per unit of
installed capacity

Installed capacity of
technology X

I—' 11 /MW Glass fibre

3,1 /MW Copper

46 t/MW Low alloy steel

1603 /MW Concrete

[1] Values for 2020 based on Gervais et al. (2022) — DOI: 10.24406/PUBLICA-427
Icons created by Culmbio and DinosoftLabs from www.flaticon.com
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Two Main Methodologies for Assessing Raw Materials in Energy Systems Exist

Ex-post analysis Integrated/Model-based analysis

Existing scenarios or
model-results

I
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Material demand :
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Specific material
requirements

assessment

Total material requirements

= No model needed and easy to perform = Use of models increases complexity but

can enhance results significantly

= Energy system design is not influenced = Material demand assessment influences
by the material demand assessment model output (non-linear feedback)
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Ex-post Analyses Dominate the Research Field
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Material Flow Analysis Can Enhance the Quality of Ex-post Analysis

Installed wind capacity in 2020

Installed wind capacity in 2021
H Installed wind capacity in 2022 —1

Additional input data

= Lifetime distributions

* Recycling rates

= Sub-technology
market shares
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Installed wind capacity in 20...
Installed wind capacity in 2049
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Installed wind capacity in 2050

MFA can be used to fill in data gaps

MFA can increase the informative value of ex-post analyses

*Material Flow Analysis
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Share of Model-supported Ex-post Analyses is Slowly Increasing
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Integrating Material Assessment into Energy System Models Requires “Coupling-Methods”

Soft-linking IE Model A

output

Iterative input | Model A |output
Soft-linking
Hard-linking Model A

input

input

Model B

output

Model B

output

Iw Model B

Fully integrated IGCLETRoI Model A [l Model B

Due to their high complexity, “Linking”-approaches are still rarely used
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Current Assessment Approaches Face Multiple Challenges

IEA-scenarios
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Broken wind turbine image by Chris Landsberger (The Oklahoman)
Icons created by Freepik and bearicons from www.flaticon.com

Member of the Helmholtz Association IEK-3: Techno-economic Systems Analysis 10 9 JULICH

Forschungszentrum



Best-Practice Advice for the Raw Material Assessment of Energy Systems

1. Aim for a model-supported or model-based analysis approach

2. Be as detailed as possible while maintaining a systemic viewpoint
= Place national analyses into an international context
= Couple models of different sectoral-scopes and levels of details

= Account for material demands of remaining sectors — especially for bottleneck analyses

3. Avoid static input data, instead use time-dependent input data or learning curves
4. Extend the time-horizon of your analysis beyond the average 40 years
5. Always account for uncertainty within your input data
6. Aim for interdisciplinary approaches
7. Comply with the FAIR® principles
Kai Schulze
— IEK-3 (FZJ)
— k.schulze@fz-juelich.de
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