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Abstract - The aim of this study was to evaluate the application of the anaerobic bioreactor with fixed-
structured bed (ABFSB) for brewery wastewater treatment with high volumetric organic loading rate (VOLR) 
and its comparison with a traditional packed-fixed bed bioreactor. Two different biomass support materials 
were tested, including polyurethane (PU) and polypropylene (PP) for both configurations. The best global 
efficiency was reached by the structured-fixed bed reactor with polyurethane as biomass support (SB PU). For 
a VOLR of 14.0 kg CODt m-3 d-1 (HRT of 8 h) and 20.3 kg CODt m-3 d-1(HRT of 12 h), the SB PU reached 
the average CODt removal efficiencies (ECOD) of 81% and 71%, respectively. The results show that ABFSB is 
a promising technology for high organic matter and solids concentration wastewater treatment, but the type of 
the biomass support had a big impact on the reactors performance. 
Keywords: Brewery wastewater; Fixed-bed reactor; Packed bed; Structured bed; Anaerobic reactor. 

 
 
 

INTRODUCTION 
 

Due to its high popularity, beer has an important 
place in the worldwide economy, being the fifth drink 
most consumed in the world after tea, soft drinks, 
milk and coffee (Fillaudeau et al., 2006). As a result 
of the large production, the brewery industry de-
mands high volumes of water and generates large 
amounts of wastewater. According to Santos (2015), 
from 4 to 10 L of water are consumed and from 3 to 
6 L of wastewater are generated to produce 1 L of 
beer. In addition, the brewery wastewater has high 
concentrations of organic matter and suspended 

solids; therefore, it has a high potential for environ-
mental pollution (Simate et al., 2011). 

Much research was carried out to evaluate an-
aerobic reactor performance for brewery wastewater 
treatment (Alvarado-Lassman et al., 2008; Öktem & 
Tüfekçi, 2006; Parawira et al., 2005; Xiangwen et 
al., 2008). The results showed that brewery waste-
water can be treated efficiently by anaerobic pro-
cesses and has a high potential for biogas production. 
Suspended (or granular) anaerobic biomass processes, 
mainly up-flow anaerobic sludge blanked reactors 
(UASB), have been the most used technologies to 
treat brewery wastewater. In spite of its simple con-
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figuration and satisfactory efficiency, UASB reactors 
demand high hydraulic retention times (over 24 h) 
and low up-flow velocities (up to 0.7 m h-1). As a 
result, the reactors become big and need large area to 
be constructed.  

On the other hand, satisfactory removal efficien-
cies of organic matter, employing high volumetric 
organic loading rates (VOLR) and low HRT, can be 
achieved in fixed bed reactors. Generally, high con-
centration of biomass and long cellular retention 
time are reached by fixed bed reactors (Zaiat et al., 
1997). However, the traditional configurations of 
packed bed reactors are not recommended for waste-
water with medium to high solid contents, since hy-
drodynamic problems, such as channelling and dead 
zones, can lead to low efficiencies and even to col-
lapse by clogging of the reactor. To overcome this 
problem, Camiloti et al. (2014) proposed an innova-
tive configuration of an anaerobic bioreactor with 
fixed-structured bed (ABFSB) in which the bed is 
not randomly packed, thus avoiding accumulation of 
solids in the interstices and preventing hydrodynamic 
anomalies. 

The ABFSB aggregates advantages of both the 
up-flow anaerobic sludge blanket and fixed-bed reac-
tors, such as easy solids separation and sedimenta-
tion, high concentration of biomass and high sludge 
retention time. Nevertheless, the type of support ma-
terial used for biofilm reactors influences their bio-
mass adhesion and their hydrodynamics, thus affect-
ing overall system performance. Many types of sup-
port material for fixed bed reactors have been studied 
in the last decade, including polyurethane foam, 
plastic rings (polypropylene, polyethylene and PET), 
plastic plates and ceramic matrix. 

Polyurethane (PU) foam as a biomass support has 
been shown to perform well in anaerobic biofilm 
reactors (Araujo Junior and Zaiat, 2009; Camiloti et 
al., 2014). PU foam makes an excellent attached-
growth material because of its high surficial area for 
biomass adhesion and its macroporous structure, 
promoting a gradient of substrate concentration and 
electron donors, contributing to establish several 
anaerobic microorganisms. On the other hand, poly-
propylene (PP) rings have been used the most as 
biomass support in biofilm reactors because of their 
low price and good mechanical resistance. 

In this context, this work considers the applica-
tion of an anaerobic bioreactor with fixed-structured 
bed for brewery wastewater treatment with high 
VOLR and its comparison with a traditional packed 
bed bioreactor. Two different biomass support ma-

terials were tested, including polyurethane (PU) and 
polypropylene (PP) for both configurations. 
 
 

MATERIAL AND METHODS 
 

Four up-flow fixed bed anaerobic reactors were 
studied in parallel for brewery wastewater treat-
ment. The experimental setup is shown in Figure 1 
and the description of each reactor is presented in 
the following: 

 PB PU: fixed-packed bed reactor with Biobob® 
(cylindrical polyurethane foam surrounded by an 
external frame of polypropylene with diameter of 15 
mm and length of 10 mm), made in Brazil by Bio 
Proj Tecnologia Ambiental Ltda. The characteristics 
of the polyurethane foam were 95% of void ratio and 
28 kg/m³ of density; 

 PB PP: fixed-packed bed reactor with polypro-
pylene rings (diameter of 17 mm, length of 12 mm 
and surface area of 2621 mm2); 

 SB PU: fixed-structured bed reactor with lon-
gitudinal polyurethane foam strips (7 squared strips 
16 mm on a side and 265 mm of length); The charac-
teristics of the polyurethane foam were 95% of void 
ratio and 28 kg/m³ of density; 

 SB PP: fixed-structured bed reactor with lon-
gitudinal bar constructed of polypropylene rings (7 
bars 17 mm in diameter, 265 mm in length and sur-
face area of 57880 mm2). 

 The reactors were operated during 181 days at 
35 ± 1 °C. They were fed with raw brewery waste-
water with increased influent flow rate, with a nomi-
nal hydraulic retention time (HRT, estimated from 
the total reactor liquid volume) of 32 h, 24 h, 18 h, 
12 h and 8 h, and flow rates of 0.07 L h-1, 0.11 L h-1, 
0.15 L h-1, 0.22 L h-1 and 0.33 L h-1, respectively. 
Due to variation of the wastewater concentration, the 
volumetric organic loading rate (VOLR) did not 
follow the linear flow rate tendency increase and the 
average values were between 2.0 and 28.6 kg COD 
m-3 d-1.  

Before reactor start-up, the biomass supports 
were inoculated with a full scale UASB sludge treat-
ing poultry slaughterhouse wastewater operated at 25 
°C and pH 7, with volumetric organic loading rate of 
2.0 kg COD m3 d-1. For packed-fixed bed reactors, 
the biomass supports were submerged in a tank with 
UASB sludge for 24 h. After this time, the supports 
were introduced inside the reactors and the volume 
was filled with tap water and then the operation 
started up. 
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