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Automatic reaction network generation for and microkinetic assessment of renewable resources 
conversion represent a key challenge for a future, sustainable supply of liquid fuels and chemicals. 
Methodologies previously developed for and tailored to conventional hydrocarbon conversion, need to be 
extended to deal with such correspondingly more complex reaction networks. Specific challenges to be 
addressed in this respect are accounting for the presence of heteroatoms such as oxygen in the considered 
species on top of the complementary reactions in the network. The extent of the latter may increase such 
that reaction network size control will be essential in order to limit the required computational effort and 
simultaneously assure that the network focuses on the most relevant elementary steps. An example of 
renewable resource conversion is glycerol hydrogenolysis. The augmented biodiesel production due to 
concerns over global warming has led to an oversupply of the by-product glycerol, unavoidably produced 
with a 10%wt yield with respect to the biodiesel. Hydrogenolysis of biomass-derived glycerol has been 
investigated as an alternative route for the production of green, value-added chemicals, such as 1,2-
propanediol, commonly denoted as propylene glycol. The same reaction has been selected for a proof-of-
concept illustrating the potential for automation in kinetic modelling. 

It has been widely accepted that propylene glycol production through glycerol hydrogenolysis efficiently 
proceeds over supported Cu based catalysts. Although many researchers have investigated glycerol 
hydrogenolysis, very few have focused on detailed kinetic model construction. Gas phase reactions of 
polyols over Cu catalysts have provided insights in the possible reaction mechanism and reaction products 
[1]. Kinetic studies focusing on the main kinetics have indicated strong glycerol adsorption on the surface 
[2,3]. Nevertheless, little effort has been spent on the elucidation of the detailed reaction network 
including the by-product formation. This work will focus on the development of an intrinsic kinetic model 
for glycerol hydrogenolysis aiming at a better understanding of the underlying chemistry and opening up 
perspectives for rational catalyst design [4]. 

Intrinsic glycerol hydrogenolysis kinetics have been acquired on a commercial, stable copper based 
catalyst in an isothermal trickle-bed reactor. The effects of temperature, hydrogen pressure and inlet 
molar hydrogen to glycerol ratio on the catalytic activity and product selectivity have been evaluated in a 
wide space time range. The operating temperature had the most significant impact on the catalyst 
performance. Experimental observations complemented by literature reported data enabled proposing an 
extended reaction network for glycerol hydrogenolysis over Cu based catalysts, see Figure 1 for the global 
reactions in this network. The desired product, propylene glycol (PG), is formed via a dehydration-
hydrogenation mechanism through acetol as intermediate. 1,3-propanediol, 1-propanol and 2-propanol 
are produced via a similar dehydration-hydrogenation mechanism through 3- hydroxypropionaldehyde 
(HPA), propanal and 2-propanone intermediates respectively from glycerol and PG. Carbon-carbon bond 
scission in glycerol and PG is also possible and leads to the formation of ethylene glycol and methanol on 
one hand and ethanol and methanol on the other. Finally, isomerization of the intermediate acetol leads 
to the formation of propionic acid. 

Kinetic modelling of a complex reaction network is potentially very tedious and cumbersome. The 
developed methodology for the automatic network generation and kinetic modeling is based on the 
concept of reaction families, stating that a reactive moiety governs the reactivity of a molecule for a certain 
reaction rather than the entire molecule. Only by categorizing the elementary steps into reaction families, 
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networks can be constructed in an automated, iterative way, since computers need to be ‘taught’ which 
reactions can take place, as if following a cooking recipe. In addition, within a certain reaction family, 

 

 

 

 

Figure 1: reaction network for glycerol hydrogenolysis over Cu based catalysts. 

next-near neighbors effects can be taken into account via (small) differences in the rate coefficients. The 
unknown thermodynamic and kinetic properties should be assessed through predictive methodologies 
which potentially also allow reducing the number of parameters. An example of these fast, scalable 
methods are semi-empirical methods, such as linear free-energy relationships and group contribution 
methods. Finally, the Single-Event MicroKinetic methodology allows to eliminate symmetry effects, 
resulting in a unique rate coefficient for each reaction family [4]. 

In order to prevent the generation of a practically infinite amount of reactions and species, typically rule-
based criteria are implemented, e.g., by limiting the carbon number or branching degree of the generated 
species. However, to assure that the reaction network focuses on the most relevant ones depending on 
the operating conditions, rate-based criteria are more sensible. By determining the dominant reaction 
pathways via rate of production and sensitivity analyses, the reaction network can be limited in size. 
Moreover, during regression of the model to the experimental data, changes in the kinetic parameters 
potentially change the dominant reaction pathways. Therefore, reaction network size reduction and/or 
shifts in dominant reaction routes should be adopted ‘on the fly’, i.e., during the simulation and regression 
and not a priori. This is illustrated by the balloon in Figure 1 enclosing the dominant reaction pathways 
which can shift in position and de- or inflate accordingly during simulation and regression if as required.  

Insights into the detailed reaction network for glycerol hydrogenolysis have been gained. Based on 
experimentally acquired results, a methodology will be developed for automated network generation and 
dynamic/adaptive network size control to focus on the most relevant steps. 
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