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Context and Motivation

How can we achieve true climate neutrality by 2050? While renewable energy is the
backbone of the transition, the path forward requires more than just installing solar
panels. It demands a sophisticated understanding of emerging technologies like Green
Hydrogen and Carbon Capture, as well as a fundamental rethink of our socio-
economic drivers.

Integrated Assessment Models (IAMs) are the primary tools used by the IPCC
to evaluate global climate pathways. However, these models often face two major
challenges:

1. Temporal Resolution: They typically operate on annual scales, missing the
critical hour-by-hour variability of wind and solar that determines grid reliability.

2. Scope of Solutions: Most models focus purely on technological efficiency, often
overlooking ”sufficiency” measures—scenarios where absolute demand reduction
and post-growth strategies are actively pursued.

This project offers a unique opportunity to work at the cutting edge of energy mod-
elling by extending pymedeas, a fully open-source system dynamics model. You will
help bridge the gap between long-term global trajectories and high-resolution opera-
tional feasibility.

Objectives

The goal of this thesis is to evolve the pymedeas framework into a more robust and
holistic tool. Key objectives include:

• Technological Integration: Implementing new modules for Hydrogen (produc-
tion, storage, and end-use) and Carbon Capture Technologies (DAC, industrial
capture).

• Smart Grid & Storage: Incorporating decentralized energy solutions and ad-
vanced storage strategies to enhance system resilience.

• Temporal Downscaling: Developing a ”surrogate model” to link annual projec-
tions with high-resolution power system models like DispaSET or PyPSA-EU.

• Socio-Economic Innovation: Redesigning modules to explore post-growth sce-
narios, decoupling energy demand from GDP, and focusing on well-being and
material footprints.
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Methodology

You will work with Python to develop new system dynamics modules. The method-
ology involves:

1. Module Development: Coding the biophysical and economic logic for hydro-
gen, CCT, and storage.

2. Surrogate Modelling: Using sampling techniques and potentially Machine
Learning to translate macro-trends into operational hourly profiles.

3. Scenario Design: Creating alternative futures that range from ”techno-optimistic”
to ”socio-ecological transitions” and ”managed post-growth.”

Location and Traineeship

This thesis is part of an international collaboration. While the degree is centered at
the University of Liege (Belgium), this specific project includes a traineeship
possibility at the CSIC (Spanish National Research Council) in Barcelona,
Spain. This offers a vibrant research environment at the heart of the Mediterranean,
working directly with the developers of the MEDEAS framework.

Requirements

The ideal candidate should have:

• A background in Engineering (Energy, Electrical, or Electromechanical).

• Strong Python programming skills.

• An interest in system dynamics, energy system operation, and socio-ecological
transitions.

• Familiarity with models like DispaSET or PyPSA is a plus, as is an interest in
post-growth theories.

Further Information

For more details or to apply (please include a CV), contact:
Prof. Sylvain Quoilin (squoilin@uliege.be)
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Figure 1: The pymedeas framework: Linking Energy, Economy, and Environment.

Prof. Sylvain Quoilin (squoilin@uliege.be)
Allée de la Découverte 17 (B49) B–4000 Liège (Belgium)
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