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1. Introduction 

Baffled Membrane Bioreactor (BMBR) 

enables simultaneous nitrification and 

denitrification in a single reaction tank without 

using external energy for recirculation of 

sludge. BMBR has great potential to reduce 

energy consumption in MBRs. So far, however, 

optimization and improvement of BMBR has 

been made by trial and error approach. At 

present, there is no reasonable measure for 

upscaling BMBR. To facilitate optimization 

and upscaling of BMBR, modelling of the 

reactor is indispensable. Many instances of 

modelling of MBR are available but modelling 

of BMBR is difficult for the following 

reasons : limited examples of  BMBRs, 

variable ratio of the interior zone to the 

exterior zone in the reactor, very complex flow 

patterns in the BMBR and so forth. 

 Computational fluid dynamics (CFD) may 

reveal the complex flow patterns in the BMBR, 

and then compartment model (CM) may be 

used to simulate the performance of the 

BMBR. A CM is a conceptual network of 

spatially localized compartments connected 

through convective and exchange fluxes. In 

this study, modelling of an existing pilot-scale 

BMBR was attempted by using the 

combination of CFD analysis and CM. 

Experimental data were compared with 

modelling results. Optimization and upscaling 

of the BMBR were also suggested by the 

established model. 

 

2. Materials and methods 

A pilot-scale BMBR was installed at an 

existing municipal wastewater treatment 

facility (Soseigawa Wastewater Treatment 

Center, Sapporo, Japan). The BMBR used in 

this study had an effective volume of 3.7 m
3
 

and was equipped with 60 m
2
 hollow fiber 

type of micro-filtration membranes. The 

membrane was made of 

polytetrafluoroethylene (PTFE) and had a 

nominal pore size of 0.2 μm. Membrane flux 

was set at 0.25 m
3
/m

2
/day and intermittent 

operation of the suction pump (operation for 

9-min and 1-min pause) was also carried out, 

resulting in an hydraulic retention time of 6 

hours on the basis of the reactor volume stated 

before. Solid retention time was set at 25 days. 

In this study, CFD was applied to understand 

detailed flow patterns in the pilot-scale BMBR. 

To validate the CFD model constructed, tracer 

tests using 10 M LiCl solution were carried 

out. In the tracer tests, totally 190 samples 

were collected from different sampling points 

in the BMBR over 6 hours. Characterization of 



influent wastewater for activated sludge 

models was also carried out by using the 

STOWA method. In this study, CM was 

constructed based on the findings of detailed 

CFD modelling. In other words, reactor was 

discretized into a network of (compartments) 

continuous stirred tank reactors by CFD 

modelling.  

Large-scale BMBRs with treatment capacity 

of 400 m
3
/d were designed and analyzed by 

the established model, to investigate impacts 

of design and operational parameters of the 

BMBR. Impacts of aeration rate, size of 

baffles and cycle time on nitrogen removal 

efficiency were investigated. 

 

3. Results and discussion 

Fig. 1 shows the flow patterns in the 

pilot-scale BMBR revealed by CFD analysis. 

Validity of the CFD analysis was checked by 

the tracer tests. Five different locations were 

chosen for sampling. Fig. 2 shows the changes 

in the concentration of tracer (Li ion) at a 

representing sampling point. Fig. 2 also shows 

calculated Li concentrations at the same point. 

As seen from Fig. 2, it was found that the CFD 

model could reasonably represent the flow 

patterns in the BMBR. Based on the flow 

patterns revealed by the CFD model, 

pilot-scale BMBR was divided into six 

compartments as shown in Fig. 3 and ASM 

was performed in each compartment. After 

calibration of ASM, it was found that the 

model established in this study could 

reproduce experimental results, as shown in 

Table 1. Optimization and upscaling BMBR 

was carried out by the established model. 

Calculations were performed based on five 

different scenarios show in Table 2 and water 

quality in the effluent was compared. Fig. 4 

shows the calculated water quality in   

permeate. Among the five scenarios tested, 

“Hybrid scenario” was found to exhibit the 

best water quality, which is certainly better 

that the current regulatory limits. 

 

 


