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Abstract 

This paper compares two modeling approaches for the simulation of hydrocracking (HCK): continuous 

lumping (with Paraffins, Naphtenes and Aromatics families) and single events microkinetic model. The 

continuous lumping model seems more accurate regarding the estimation of both yield structure and 

PNA distribution (by standard cuts). However, even if the single events model is less precise, it can 

provide a very detailed output which can be used to decorrelate all the phenomena. It is then suggested to 

use the continuous lumping approach as a predictive model (for example to optimize the operating 

conditions of a process) and the single events method as a research tool in order to have a better 

knowledge of the underlying kinetics (which is the reactivity of naphtene ?, aromatics ? ….). 
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Catalytic hydrocracking (HCK) is used to convert heavy 

Vacuum Gas Oil (VGO) residue to more valuable middle 

distillate (150-370°C) and/or naphtha (<150°C) cuts. A 

robust kinetic model allows firstly to optimize the 

operating conditions regarding a target function and 

secondly to extract some information to obtain a better 

understanding of the process kinetics (for example, what 

are the main variables) (Per Julian Becker et al. 2016). 

The objective of this paper is to compare two modeling 

approaches: continuous lumping or single events for the 

second reactor of HCK process. 

Models and Process description 

Hydrocracking is a two-step process with separate 

hydrotreatment (HDT) and hydrocracking (HCK) stages. 

The HDT reactor essentially is used to remove heteroatoms 

(N, S, ..) from the VGO feed in order to satisfy product 

quality constraints (Becker et al. 2015). The hydrotreated 

feed of the HCK reactor is assumed to be essentially free 

of heteroatoms and thus composed exclusively of 

hydrocarbon molecules. Nevertheless this still accounts for 

to several millions of molecules.  

On the one hand, continuous lumping models are very 

useful tools for HCK simulation. They notably permit to 

accurately predict the effluent’s simulated distillation 

(SIMDIS), yield distribution, residue conversion and gas 

(C1–C4) production, given only the operating conditions, 

feed SIMDIS and nitrogen/sulfur content. When multiple 

families are being used, continuous lumping models are 

well capable of simulating the Paraffins, Naphtenes and 

Aromatics (PNA) distribution (Per Julian Becker et al. 

2016).  

Microkinetic (e.g. single events) models, on the other 

hand, attempt to simulate the elementary reaction steps 

occurring in the system (P.J. Becker et al. 2016). This 



  

 

approach is far more computationally expensive, requires 

much more detailed analytic data and is more complex to 

implement. However, far more detailed information 

regarding the physico-chemical processes occurring on the 

catalyst can be included in the model. The output is much 

more detailed. The effects of hydrogenation, isomerization 

and cracking are well separated. 

Experimental data 

Hydrocracking experimental runs were performed in the 

IFPEN pilot plant. This setup allows detailed analyses on 

the pretreated feed, which are necessary to perform the 

molecular reconstruction of the feed for the single events 

model. The same pretreated VGO feed is used in 15 

different runs. Ammonia (NH3) gas has a noted inhibition 

effect on the zeolite catalyst. It must therefore be 

introduced to the HCK reactor, in the form of an additive, 

in order to simulate the effect of carryover of this gas that 

would occur in an industrial unit. 

Experiments were performed at 140 bar, with a ppNH3 

between 0.2 – 1.5 bar and an Oil-to-feed ratio (H2/HC) of 

600 – 1200 SL/L. Parameter identification was performed 

on a supercomputer, using a set of 96 randomized initial 

parameters, in order to ensure convergence of the 

optimizer to a global, rather than a local, minimum. 

Results and discussion 

The parity graphs for the yield distribution of the 15 

experimental points are shown in figure 1. The continuous 

lumping model leads to better results than the single events 

model. Nevertheless, the general tendencies are respected 

by the single events model.  

Results show that the continuous lumping model is 

more precise than the single events model. This should, 

however, not come as a surprise, as the continuous 

lumping model has more degrees of freedom; notably in 

the shape of the reactivity and yield distribution functions. 

Nevertheless, the single events model is found to be 

sufficiently accurate in terms of the macroscopic effluent 

characteristics (yield structure and PNA distribution). This 

model can be used to simulate individual molecules and 

then to obtain the detailed kinetics. This can become an 

important tool in the characterization of the 

physicochemical processes governing a catalyst’s reactivity 

and selectivity. 

Conclusion 

The following conclusions can then be carried out using 

both models: 

• The continuous lumping models should be used as 

a simulation tool in an industrial context, where precise 

estimation of yield structure, SIMDIS, and eventually PNA 

distribution is required, while limited analytic data 

concerning the feed is available.  

• The single events model provides a very detailed 

output. It should then be used as a comprehensive model in 

order to better understand the process. For example, figure 

2 shows the evolution of effluent regarding the family and 

the carbon number. 

 

 

Figure 1.   Comparison of yield structure for 

Single Events (left) and Continuous Lumping 

(right) models.  

 

Figure 2.   Detailed composition of an HCK 

effluent by single events method 
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