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M.Sc. Topic 
 

The importance of energy storage is ever increasing with the increasing 
urgency to switch to renewable energy sources. Thermochemical Energy 
Storage (TCES) is a promising new technology to handle fluctuations of 
renewable energy supply. One example is the storage of heat using the 
reversible chemical reaction: 𝐶𝑎𝑂 + 𝐻2𝑂 ⇌ 𝐶𝑎(𝑂𝐻)2. 
 
Because the system is dynamic, it can be modelled with Ordinary 
Differential Equations (ODEs), which explicitly can be written as: 
 
𝑦(𝑡 + 1) = 𝑦(𝑡) + 𝑓(𝑦, 𝑡). 
 
While the scientific search for the dynamic laws in 𝑓(𝑦, 𝑡) is progressing, existing 
computational models are time-demanding. Therefore, Artificial Neural Networks (ANNs) can serve 
as a cheaper solution to approximate computational models. 
 
Recently, a specific structure of ANN called Residual Network (ResNet) has been proposed to improve 
the prediction performance of ANNs. Compared to other ANN structures, it directly uses the ODE 
form of the equation as written above: for each time step, it uses the previous system states plus a 
dynamic change term. Hence, ResNet can learn to mimic numerical simulators in a human-
understandable form. Additionally, the human-understandable structure allows much easier than 
before to formulate physical laws as constraints while training the ANN. Initially, ResNet was 
proposed for image recognition tasks. In this work, the ResNet structure will be investigated specific 
to the TCES system. 
 

 
Prospective Tasks 
 Literature review of thermochemical energy storage and ANNs 

 Design the required ResNet ANN algorithms for the system (preferably in Python) 

 Visualize and discuss results, evaluate the ResNet idea for dynamic systems 

General Information 
 Advisors: Timothy Praditia, PD. Dr.-Ing. Sergey Oladyshkin, and Prof. Wolfgang Nowak 

Desirable skills 
• Knowledge on environmental fluid mechanics (specifically fluid flow in porous media) 
• Knowledge of statistics 
• Basic knowledge on Artificial Neural Network methods 

• Affinity to numerical simulations and programming (MATLAB and/or Python) 
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