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1 Executive Summary 
In the framework of DEFACTO’s work package 6, a fast-prototyping tool based on a time-adaptive 

reduced order model has been developed. As stated in DEFACTO’s grant agreement, the software 

implementing this tool is being released under a Free Open-Source Software (FOSS) license. Deliverable 

D6.6 corresponds precisely to the first release of this software. 

This software consists in one tool, which is based on a novel artificial intelligence algorithm known as 
physics-informed neural network (PINN). The tool is able to provide the evolution of lithium 
concentration in active material particles in both electrodes during a discharge process as well as the 
discharge curve of the full battery, based on the Single Particle Model [1]. 
 
The software is released using the GNU Affero General Public License version 3. This Free Open-Source 
Software (FOSS) license makes sure that any derivative work (including those related to cloud computing 
exploitation of the code) preserves the same freedoms offered now to any user of the released code. 
 
The release of the tool is made through CIDETEC’s GitHub. A repository with several files can be found 
there. The user just needs to download the repository and open the Jupyter notebook inside to use the 
tool. 
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2 Introduction 
Deliverable D6.6 corresponds to the release of a software tool able to prototype in a fast manner the 

design of a battery cell using an AI model. This document contains a description of the software tool 

which is available at the DEFACTO project website. According to DEFACTO’s proposal this software tool 

is released under a Free Open-Source Software (FOSS) license. 

In order to construct this software, an AI algorithm known as physics-informed neural network (PINN) 

has been used. This class of artificial neural network (ANN) techniques performs a regression analysis in 

order to identify the relationship between the solution of a differential equation and the independent 

variables (time and/or spatial variables) and, eventually, some model parameters. The (very) particular 

aspect of this AI technique is that it incorporates the differential equation itself (including initial and/or 

boundary conditions) in the training of the neural network (this is in sharp contrast to standard ANN 

where only the solution, obtained from experiments or numerical simulation, is used). This is done 

through the loss function, where residuals from the differential equation and error from initial and/or 

boundary conditions are incorporated. The loss function can also consider errors computed by 

comparison with stored solution data, but this is not essential. Thus, the PINN technique overcomes the 

need for large datasets since most of the information during the training (if not all) comes from the 

differential equation. This algorithm was developed in [2] and it is also reviewed in [3]. 

In the present case, a version of the PINN technique based exclusively on the differential equation and 

the initial and boundary conditions is considered (the ANN can then be trained without using any data). 

The inputs of the ANN will be the independent variables (time and the spatial point inside the particle), 

discharge C-rate and some cell parameters (100% initial SoC of the cell is assumed) while the ANN output 

will be (part of) the solution (lithium concentration in the active material particles). After training, the 

ANN will then be able to give (an approximation of) the solution of the initial value problem at any time. 

Using two PINNs with Single Particle Model (SPM) equations as physics knowledge, the tool provides 
the evolution of lithium concentration in the active material particles in both electrodes during a 
discharge process and calculates the discharge curve of the full battery. It is trained using DEFACTO G/Si-
NMC811 cell parameters and in wide ranges of geometrical parameters (thickness and porosity) and C-
rates, in particular: 
 

• Negative electrode thickness in [5e-5, 2e-4] m 

• Positive electrode thickness in [5e-5, 2e-4] m 

• Negative electrode porosity in [0.2, 0.6] 

• Positive electrode porosity in [0.2, 0.6] 

• C-rate from 1C to 3C 
 

However, due to the training process, it can provide results even further. The tool will indicate to the 
user when its limits have been exceeded. 
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3 How to use the released tool 
The deliverable consists of a repository in CIDEMOD webpage where the user can find: 

• DEFACTO G/Si-NMC811 default data (“data_DEFACTO”). 

• PINN model for negative electrode (“SPM NE”). 

• PINN model for positive electrode (“SPM PE”). 

• Jupyter notebook where the tool can be used (“PINN notebook”). 

• Script with required functions for the model to work (“PINN_utils”) 

 

Firstly, users need to download this repository in their personal computer. Then, in the notebook, the 

user can easily read how to proceed. Simply by running the indicated cells, all the required packages will 

be installed and the functions from “PINN_utils” imported. The tool is then ready to run simulations. As 

written in the notebook, users can use the existing example cells or create their own to request 

simulations. They just have to fill the desired values for the inputs and run the cell, the simulation will 

be given instantly. The inputs for the tool are: 

• Negative electrode thickness (thickness_n) in meters. 

• Positive electrode thickness (thickness_n) in meters. 

• Negative electrode porosity (porosity_n). 

• Positive electrode porosity (porosity_p). 

• C-rate. 

The values for these inputs will be written in plot_Battery() as follows: 

plot_Battery(thickness_n= , thickness_p= , porosity_n= , porosity_p= , C_rate=1) 

Three plots appear immediately after running the cell: 

• Lithium concentration in negative electrode (𝑐𝑠,𝑁𝐸  in mol/m3) along the radius in the negative 

particle (𝑟𝑁𝐸 in meters) for an instant of time (𝑡 in seconds). 

• Lithium concentration in positive electrode (𝑐𝑠,𝑁𝐸 in mol/m3) along the radius in the positive 

particle (𝑟𝑃𝐸 in meters) for an instant of time (𝑡 in seconds). 

• Battery voltage (𝑉 in volts) for an instant of time (𝑡 in seconds). 

Notice that the model is solved mathematically by the neural network, which may lead to situations that 

are possible mathematically but not physically in the electrode plots, such as extremely high (or low) 

lithium concentration in an electrode. In any case the full discharge curve is realistic, since it stops when 

one of the electrodes reaches its physical limit. 

Example of the tool: 

Inputs: plot_Battery(thickness_n=1e-4, thickness_p=7e-5, porosity_n=0.5, porosity_p=0.3, C_rate=1) 

Output: shown in figure 1. 
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Figure 1. Tool output. Upper left: lithium concentration in negative electrode, upper-right: lithium concentration 

in positive electrode, down: discharge voltage curve. 
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4 Free Open-Source Software license   
The DEFACTO project established the release of the developed software using a Free Open-Source 

Software (FOSS) license. GNU Affero General Public License version 3 (AGPLv3 in short), and endorsed 

by the Free Software Foundation (https://fsf.org) was selected.  

   

https://fsf.org/
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5 Conclusions 
A tool for fast prototyping based on an AI algorithm known as physics-informed neural network has 
been developed and released. It is an open and free tool that users can utilize to simulate lithium 
concentration in particle electrodes and discharge voltage curve for a wide range of parameters. 
 
The tool is available at GitHub: https://github.com/cidetec-energy-storage/PINN-SPM-fast-prototyping 
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