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Computer-aided molecular reconstruction of renewable building blocks from 
the reductive catalytic fractionation (RCF) of lignin 

Aim 

This thesis aims to investigate and apply stochastic molecular reconstruction (SR) methods to 

characterize important lignin-first (LF) building blocks in lignin oils according to their structural features, 

such as number of aromatic rings, substitutions and side-chain length. 

Justification 

Due to depleting oil reserves and the increasing effort to reduce CO2 emissions that negatively affect 

the environment, the chemical industry has started shifting towards more sustainable and even circular 

processes. Non-edible biomass like lignocellulose is one of the most promising alternatives to fossil 

resources, where the aromatic fraction of lignocellulosic biomass, lignin, represents the most abundant 

renewable source of aromatics on earth. Reductive Catalytic Fractionation (RCF) is a Lignin-First (LF) 

biorefinery concept that combines biomass fractionation, via solvolytic transformations, with 

heterogeneously catalysed lignin depolymerization and stabilization 1. The ultimate goal is the 

production of added-value building blocks from biomass, i.e. phenolic monomers, dimers and trimers, 

which can be further converted into novel materials or chemicals. 

Program 

Developing a comprehensive kinetic model for lignin depolymerization is challenging due to the 

heterogeneity of the feedstock, and a large number of reactions involved. To tackle this, the catalytic 

depolymerization of lignin is proposed to be assessed by the continuum theory of lumping. The resulting 

continuous lumping model (CLM) is capable of predicting a distribution of pseudo-components (PCs), 

representing the depolymerized lignin fragments, characterized by their molecular weight (MW) and 

reactivity. Unravelling the chemical and structural features of these PCs is key to optimize the RCF. For 

this reason, we propose to couple the CLM with stochastic molecular reconstruction (SR) methods to 

provide a set of molecules that will mimic the structural attributes of low-MW phenolic species. Several 

SR methods have been successfully implemented to characterize complex mixtures in previous 

contributions 2-3. The structural characterization of the product distribution will contribute to the 

optimization of RCF schemes, i.e. by identifying the operating conditions, based on the type of 

feedstock, to yield specific LF building blocks. 
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As part of this master thesis project, the following activities will be performed: 

• Literature survey on SR methods, stochastic sampling (e.g. Monte Carlo) and group contribution 

methods; 

• Define relevant structural attributes for the stochastic reconstruction of LF building blocks; 

• Create a molecule generation algorithm by establishing a hierarchic order among the pre-selected 

structural attributes;  

• Estimate chemical properties of individual molecules and mixtures by using group contribution 

methods and mixing rules, respectively; 

• Evaluate the accuracy of the model by minimizing an objective function. 
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