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Introduction

When developing an industrial enzymatic process, one 
essential engineering problem concerns the choice of the reactor 
optimal operating policy based on à-priori knowledge of the 
process kinetics and enzyme inactivation characteristics. For a 
multi-enzymatic system, involving complex interactions among 
enzymes that exhibit optimal activity on different parametric 
domains, and a high-order deactivation, this problem requires 
an extended analysis. The engineering problem becomes difficult 
when a multi-objective optimization problem is formulated. An 
elegant option developed in this paper is to obtain sets of Pareto 
optimal solutions, also called Pareto-optimal fronts, each one 
generated for the case of at least two adverse objectives. Then, 
the final choice of the enzymatic reactor operating policy results 

from the comparative analysis of these fronts. Exemplification is 
made for the case of the oxidation of D-glucose (DG) to 2-keto-D-
glucose (kDG) in the presence of P2Ox (oxygen 2-oxidoreductase) 
and catalase, continuously operated in a three-phase-fluidized-
bed reactor (TPFB) with co-immobilized enzymes on alginate 
beads (Figure 1). To perform the TPFB optimization, a dynamic 
ideal model was adopted from literature [1-3] corresponding to 
an isothermal, perfectly mixed reactor of constant volume, semi-
continuously operated, with vigorous aeration and mechanical 
stirring, fed with substrate solution, and including suspended 
solid particles (spherical beads of less than 1-2 mm diameter) 
with immobilized enzymes. The current model also considers 
P2Ox activity decay due to their chemical interactions, but also 
due to its leaking following the hydrodynamic stress, and its 
inherent denaturation over time [3].
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Figure 1: The TPFB bioreactor scheme, and fluid-solid circulation; in= inlet; out= outlet. Adapted from https://en.wikipedia.org/wiki/Bioreactor

Figure 2: One of the Pareto-optimal fronts generated for the continuous TPFB to get 99% DG-conversion under nominal operating 
conditions of [3] (with co-immobilized P2Ox and catalase enzymes, 30 °C, pH=6.5,11hrs. hydraulic residence time), for an initial substrate 
concentration of [DG]o = 250mM. The generated raw (dotted), and smoothed (solid line) Pareto-optimal front for the following two contrary 
objectives: minimum of the initial P2Ox enzyme on the support (f2), and maximum of the processed DG (DG molar flow-rate, f1).

The optimal operating policy choice is that requiring 
minimum P2Ox amount but ensuring an imposed reaction 
conversion (more than 30% here, most of the running time), 
and maximum reactor productivity under various technological 
constraints (see one of such a Pareto-front in Figure 2. An 
extended discussion of how to compare and manage such 
Pareto-fronts is presented in [3]. The result of such a numerical 
analysis is the best tradeoff optimal operating policy of the TPFB 
bioreactor.
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