
Latin American Applied Research  40:193-198 (2010) 

193 

IDENTIFICATION OF BIOCHEMICAL REACTORS USING 
FRACTIONAL DIFFERENTIAL EQUATIONS 

 

L. A. D. ISFER†, M. K. LENZI† and   E. K. LENZI ‡ 

† Dpto de Eng. Química, Univ. Fed. do Paraná, Jardim das Américas, CP 19011, Curitiba-PR, 81531-990, Brazil 
lenzi@ufpr.br 

‡ Dpto de Física, Univ. Est. de Maringá, Avenida Colombo 5790, Maringá-PR, 87020-900, Brazil 
eklenzi@dfi.uem.br 

 
 

Abstract−− High production meeting product 
quality, process safety and environmental regulation 
provide to control systems a key role in biochemical 
plants operation. As a suitable mathematical model 
is essential for process control, this work reports an 
alternative tool, based on the use of fractional order 
differential equations, for biochemical reactor identi-
fication using previously reported experimental data. 
Three different approaches were considered: i) solv-
ing the nonlinear set of algebraic equations obtained 
from the derivatives of the objective function with 
respect to the parameters; ii) solving a multivariable 
nonlinear deterministic optimization problem; iii) 
solving a multivariable nonlinear heuristic optimiza-
tion problem. All identified models were submitted 
to statistical fitting tests and the second approach (ii) 
proved to be the most efficient for process identifica-
tion, satisfying all statistical tests. Common integer 
order models were identified, leading to poorer data 
fit when compared to the fractional model, proving 
the usefulness and success identification tool pro-
posed. 
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I. INTRODUCTION 
Due to the needs of high production meeting product 
quality, process safety and environmental regulation, 
control systems play a key role in chemical and bio-
chemical plants operation (Santos et al., 2005). How-
ever, in order to have a well regulated system, a suitable 
and reliable mathematical model must be available. First 
principle models are usually better than empirical mod-
els not only because of the theoretical background, but 
also due to the extrapolation capability allowed by 
proper parameter estimation (Levenspiel, 2002). On the 
other hand, fundamental models may be too large for 
real time application, besides, some difficulties may 
arise during the modeling task, such as the choice of 
constitutive relations for example the kinetic equation or 
thermodynamic equation of state (Lenzi et al., 2005). A 
commonly used alternative employed to overcome these 
difficulties is the use of empirical models, which can be 
obtained by process identification techniques (Pearson, 
2006). Modeling and identification of biochemical reac-

tors represent a broad research field with several suc-
cessful applications already reported in literature. Re-
sults concern fundamental and empirical modeling (Kir-
dar et al., 2008), applications to membrane reactors (Ng 
and Kim, 2007), solid-state fermentation (Mitchell et 
al., 2004), gas-lift reactors (Petersen and Margaritis, 
2001). 

Fractional differential order equations represent a 
fast growing research field (Hilfer, 2000). Different ap-
plications of fractional calculus have been reported 
ranging from diffusion studies (Lenzi et al., 2006) to 
stock market applications (Bianco and Grigolini, 2007), 
while other important applications such as in rheologi-
cal behavior are also reported (Craiem et al., 2008). Fur-
ther details regarding the formalism of fractional calcu-
lus (Oldham and Spanier, 2006) and the physical inter-
pretation of fractional derivatives (Machado, 2003) are 
beyond the scope of this work and can be found else-
where. Successful results concerning fractional identifi-
cation have reported by Poinot and Trigeassou (2004). 
The authors report an output-error technique for frac-
tional identification. The reported results indicate that 
good models can be obtained however the identification 
technique is a hard task, as it is divided into three steps, 
one for steady state gain estimation, a second for the 
system time constant estimation and finally the order of 
the derivate. Another approach is reported by Hartley 
and Lorenzo (2003) where frequency analysis is used 
for system identification. 

This work reports an alternative tool for biochemical 
reactors identification, which was validated with ex-
perimental data reported in the literature (Isfer, 2009). 
To our knowledge, fractional differential equations have 
not been yet used for modeling or identification of bio-
chemical reactors using actual experimental data. The 
aim of this work is not only the process identification, 
but also the analysis of different parameter estimation 
approaches used with fractional differential equations. 
The different approaches considered for parameter esti-
mation step involved in the identification task were: i) 
solving a nonlinear set of algebraic equations, obtained 
from de derivatives of the objective function with re-
spect to the parameters being estimated; ii) solving a 
multivariable nonlinear deterministic optimization prob-
lem; iii) solving a multivariable nonlinear heuristic op-
timization problem, based on genetic algorithms. These 


