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ABSTRACT 
 

Wastewater treatment is major research area in the modern era of industrialization and growing awareness about the 

sustainable growth. The biological treatment facilities are used in treatment plants for domestic and industrial waste 

water. Various biological treatments include suspended growth processes like activated sludge process and attached 

growth techniques like trickling filters. The modeling of these treatment facilities is important. It can be used to 

relate experimental data for developing the pilot and actual plant. By using the modeling technique, important 

parameter values can be related for experimental data and can be scaled up. The present review summarizes the 

modeling for biological treatment facilities. 
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I. INTRODUCTION 

 

Wastewater treatment for removal of various metals, 

organic matters and other contaminants includes 

physical, chemical and biological treatment techniques 

[1, 2, 3]. Adsorption and ion exchange are very 

important treatment methods. Methods like membrane 

separation, electro coagulation and flocculation can be 

used effectively for water treatment for removal of 

various pollutants [4,5,6]. Biological treatments of 

wastewater for removal of organic matter are widely 

studied treatment techniques. Biological wastewater 

treatments for removal of heavy metals have been 

reported[7,8,9,10,11]. Modeling of the treatment plants 

is very important aspect of the treatment methods. The 

present review aims at summarizing the research on 

modeling of biological treatment facilities. 

 

 

II. RESEARCH ON MODELING OF BIOLOGICAL 

TREATMENT FACILITIES 
 

Carsky and Mbhele carried out kinetic modeling of 

copper biosorption using marine algae [12].Contact time 

of 3 hours was enough for equilibrium. According to 

them copper biosorption was function many parameters 

like  type of biomass (number and kind of biosorption 

sites), size and form of biomass, physiological state of 

biomass (active or inactive, free or immobilized), as well 

as the metal involved in the biosorption system. 

According to their kinetic modeling, biosorption was 

divided into two stages: one in which the sorption rate is 

very high (60% of biomass saturation capacity in a 

contact time of 25 minutes), followed by a second stage 

with a much lower sorption rate. Hasan et.al reviewed 

the design criteria for the design criteria of biological 

aerated filter (BAF) for COD, ammonia and manganese 

removal in drinking water treatment [13].They plotted 

two correlations 1. COD removal efficiencies against the 

H/D ratio and 2. H/D ratio against BAF height. They 

observed the expected removal efficiency of COD and 

ammonia. It was within 80-90%. Masic carried out 

investigation on a biofilm reactor model with suspended 

biomass [14]. He presented a one dimensional 

mathematical model of biofilm and suspended biomass 

in a continuous stirred tank reactor. The model they 

referred to was hybrid of chemo-stat like mass balances 

for the substrate and biomass in the reactor. It was 

coupled with a free boundary value problem for the 

substrate in the biofilm. According to the numerical 

simulations, biofilm dominated over suspended biomass 

in the long-term reactor performance. He extended this 

model to two-step nitrification in a moving bed biofilm 

reactor (MBBR). Eftaxias carried out research on 
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kinetics and reactor modeling on catalytic wet air 

oxidation of phenol in a trickle bed reactor 

[15].According to the investigation, the trickle bed 

model was able to match experimental results obtained 

in the laboratory reactor. He identified the internal 

diffusion coefficients and the gas-solid mass transfer 

coefficient as most influential parameters. He concluded 

that that for catalytic wet air oxidation of phenol, trickle 

bed reactor model can be safely used for scale up. 

Khataee and Kasiri carried out studies on modeling of 

biological water and wastewater treatment processes 

using artificial neural networks [16].They studied the 

applicability of the artificial neural networks (ANNs) to 

predict the performance of the biological systems. They 

also reviewed examples of early applications of ANNs 

in modeling and simulation of biological water and 

wastewater treatment processes in the presence of 

various microalgae, bacteria, microbes, yeasts, anaerobic 

sludge, aerated submerged biofilms, and submerged 

membrane bioreactors. Wik carried out work aimed at 

the dynamic modeling of biofilms and fixed biofilm 

reactors [17].His emphasis was on nitrifying trickling 

filters (NTFs) for the treatment of wastewater. 

According to him it was possible to model large number 

of biofilm reactors by unit called continuously stirred 

biofilm reactors (CSBR). He carried out simulation of 

operating parameters which indicated that the nitrifying 

capacity can be improved by regularly inversing the 

order of cascaded NTFs and by varying the individual 

flow through NTFs operating in parallel. Chaudhary 

et.al. Carried out investigation on biofilter in water and 

wastewater treatment [18]. According to these studies, 

the most important parameter which governs this 

process is the biomass attached to the medium. They 

also discussed the relative merits of different methods 

adopted in the measurement of the biomass. According 

to their conclusion, the mathematical model should 

incorporate the biofilter parameters estimated for 

different operating conditions (such as acclimatization 

filtration rate and initial organic concentration) to verify 

the adaptability of the model in practice. Chen and 

Stenstrom  presented use of the rotating biological 

contactor for appropriate technology wastewater 

treatment[19].They used the mathematical model which 

included the  material balances on both oxygen and 

substrate in the biofilm and bulk solutions. It resulted in 

non-Linear, parabolic partial differential equations. 

Dutta presented a mathematical modeling of the 

performance of a rotating biological contactor for 

process optimisation in wastewater treatment [20]. In his 

work, he tried to frame mathematical models for the 

process in simple and realistic ways. He used the 

principles of one-dimensional mass transfer and 

transport of substances. Oxygen obviously was one of 

the most influential parameters in the aerobic processes. 

The model indicated that with the increase of the 

substrate or hydraulic loading rate, the RBC shows 

increasing removal rates within an optimal range. Yang 

et.al. Presented water network optimization with 

wastewater regeneration models [21]. His work 

described a unifying approach combining various 

technologies capable of removing all the major types of 

contaminants through the use of more realistic models. 

They carried out some modifications in typical 

superstructure-based water network models for 

improving them. They presented a modified Lagrangean 

based decomposition algorithm in order to solve the 

resulting non convex mixed-integer nonlinear 

programming (MINLP) problem efficiently. Drakides 

and  Lay-Son worked on biological treatment of toxic 

industrial wastewaters[22]. From pilot plant studies they 

obtained key parameters needed for the degradation of 

high concentrations of cyanides, thiocyanates and 

ammonia. The parameters from pilot plant studies were 

used in kinetic models. They built a conceptual 

hydraulic model of the biological waste water treatment 

plant(BWWTP) using a specific software. According to 

these studies, the models using field data gave a close fit 

between simulated outlet concentrations and field outlet 

concentrations with only one significant parameter 

adjustment. 

 

III. CONCLUSION 
 

The modeling for wastewater treatment facilities is very 

important area of investigation for design and 

optimization of the operating parameters for waste water 

facilities. Simple material balance equation can be used 

as tool for modeling of the treatment plant. The mass 

transfer parameters can be included in the models to 

obtain effect of these parameters and find controlling 

parameter. The experimental data obtained in batch and 

continuous operation can be used to verify the model 

results. It can be concluded that proper and accurate 

modeling of biological treatment can save time and 

efforts in design of waste treatment facility. 
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