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Abstract - The performance of a laboratory-scale aerobic 

sequencing batch reactor based on COD removal and 

hydraulic retention time (HRT) was assessed in this study. The 

wastewater used for the experiment was brewery wastewater 

from a local brewery. The reactors were operating under 

continuous low oxygen dosing concentration and cyclic 

aeration schemes. The performance of the SBRs on optimum 

HRT was analyzed in terms of COD removal. The generated 

data showed that treatment efficiencies in terms of COD and 

BOD were 94 % and 85 % respectively for the reactor 

operated under continuous aeration configuration while 81 % 

and 65 % was achieved respectively for the reactor operated in 

cyclic aeration.  Therefore, this study has established that the 

performance of the reactor under the continuous aeration 

scheme was more effective than the one operating in cyclic 

configuration. This has also statistically exhibited significant 

difference from the performance of the reactor working under 

cyclic aeration. 

 
Index Terms: Sequencing Batch, Reactor, Hydraulic Retention 

Time, Biological Oxygen Demand, Chemical Oxygen Demand 

and Laboratory-scale. 

I. INTRODUCTION 

HE discharge of industrial effluent has caused many 

issues that have risen in environmental pollution 

causing the alteration of the surface water, plant and soil. 

The wastewater treatment industry faces many challenges 

such as increasing energy costs and the presents of organics 

and heavy metals. These aspects are becoming more 

critically investigated. Also, there are aspects such as the 

depletion of resources, the increasing water demand and its 

conservation, the management of freshwater water resources 

as well as more stringent regulations on disposal and 

environmental management that require more attention to 

regulate the issue  
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of wastewater and related pollution. Also, wastewater can 

be considered as a resource than as a waste with recovery 

possibilities for clean water, energy and various materials 

satisfied by novel approaches and emerging technological 

development (Ronald, 2005). According to Driessen (2003) 

during the last 20 years environmental awareness of the 

brewing industry has grown significantly leading to 

increasing investment in environmental protection 

measures. Important internal drivers for the brewing 

industry are implementation of environmental management 

systems (EMS) like ISO 14001 as well the need for 

conducting of benchmark studies for brewery process 

optimization. Knowledge about environmental emissions 

e.g. effluent quality and quantity) can become management 

information which may help to improve the efficiency of in-

plant brewery processes (minimize product losses, spill of 

water and energy). Important external drivers for 

environmental investments are local legislation and 

environment taxation system (discharge levies). The overall 

result is growing interest within the brewery. Industry in 

environmental pollution controls systems. According to 

Driessen (2003), the quality and quantity of brewery 

effluent can fluctuate significantly as it depends on various 

processes that take place within the brewery raw material 

handling, wart preparation, fermentation, filtration, calf 

intestinal alkaline phosphate (CIP) and packaging.  The 

amount of wastewater produced is related to the specific 

water consumption expressed as liters per hour of brewed 

beer. Organic compounds in brewery effluent (expressed as 

Chemical Oxygen Demand (COD) are generally easily 

biodegradable as these mainly consist of sugars, soluble 

starch, ethanol, volatile fatty acids. It is then represented by 

the relatively high BOD/COD ratio of 0.6 - 0.7. The 

brewery solids are expressed as total suspended solids (TSS) 

which mainly consist of spent grains, waste yeast and hot 

trub. Brewery effluent pH levels are mostly determined by 

the amount and type of chemicals used at the CIP units for 

example caustic soda, phosphoric acid, nitric acid.  Brewery 

wastewater requires substantial removal of organic 

pollutants prior to discharge into receiving bodies to 

minimize environmental pollution. To accomplish the aim 

of this research study, the following objectives were 

investigated and considered: To evaluate the performance of 

the two laboratory scale sequencing batch reactors treating 

brewery wastewater based on different aeration schemes 

namely; continuous aeration scheme and cyclic aeration 

scheme.  In line to the high organic content and high 

biodegradability of brewery wastewater, biological 

treatments are usually an appropriate treatment method 
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(Driessen and Vereijken, 2003, Enitan et al., 2015, Doubla 

et al., 2007). Biological treatment implicates the removal 

and maintenance of organic matter existent in wastewater 

using microorganism. Previous studies presented on 

brewery wastewaters contain the preparation of anaerobic 

treatment for brewery wastewater as its energy saving due to 

methane gas which is in turn used as a source of fuel for this 

process. This paper, the presentation of two laboratory scale 

aerobic sequencing batch reactors for the treatment of 

brewery wastewater was investigated. 

II. EXPERIMENTAL PROCEEDURE 

A. Materials and Methods 

The wastewater used during the experimental phase was 

collected from a local brewery in Durban. Samples collected 

were kept in the cold room in the laboratory at 4 oC and 

analyses were conducted within 48 hours of sample 

collection. The acclimation was undertaken continuously 

with aeration at low oxygen dosing concentrations of about       

7.5 L/min after inoculating with raw brewery. 

Microorganisms were acclimated for over 21 day’s period in 

a 5 L bucket. Acclimated microorganisms were used as the 

source of inoculum for subsequent biodegradation of batch 

runs in which carbon dioxide evolution was measured in the 

form of organic carbon as chemical oxygen demand (COD) 

and biological oxygen demand (BOD).  

B. Experimental Set-up 

There were two reactors operating in two different aeration 

schemes: one with cyclic aeration and the other with 

constant low-level aeration. Other than the aeration 

schemes, the reactors were identical. The reactor tanks were 

standardized at18 L with clear PVC tanks, with the bottom 

of each tank having a slope of 60 o.  The HRT was 

conducted based on an experimental as per operation 

procedure. A daily working volume per batch was set at 13 

L. Both reactors were seeded with 2.5 L of the heterotrophic 

mixed culture microorganisms. The drainage of the effluent 

after solids settling was done through two spigots added to 

the side of each tank. This is intended to reduce the scouring 

during the removal of the supernatant.       Tank drainage 

occurred manually by opening the spigot valve and 

collecting the desired volume of sample. Fig 1 demonstrates 

the piping and instrumentation design configuration of the 

SBR tanks. 

C. Experimental Approach 

The sequencing batch reactors are characterized by a 

series of steps or phases, each lasting for a specific period 

of time, in sequential manner as below: Filling was done 

to add substrate or wastewater into SBRs; the reaction 

purpose was done to complete the reactions that were 

initiated during filling phase. Drawing of the treated 

effluent, which is the supernatant that forms during the 

settling. Experimentation of the hydraulic retention time 

had to be conducted to experimentally determine the 

optimum treatment time. The experimental HRT and 

precise data was obtained in terms of COD biodegradation 

which presented a Hydraulic Retention Time of 5 days. A 

fixed sludge retention time (SRT) of about 28 days was 

implemented, a standard operating pH value of 6.0 ~ 9.0 

were maintained though fluctuating due to the alkalinity of 

the microbial mass. Samples were analyzed using 

(Association, 1998) which include the following 

physicochemical parameters; pH, conductivity (CD). Data 

was entered into SPSS version 23 (Statistical Packages for 

the Social Sciences) for analysis. A value P < 0.05 was 

considered as statistically significant. Data analysis was 

initiated with a check of the data for outliers, missing data, 

and normality through skewness and kurtosis values that 

could affect relations between variables. A descriptive 

statistical analysis of the data such as means, standard 

deviations, ranges, frequencies, percentages and 

confidence intervals was initially conducted prior to 

conducting the multivariate analysis. The choice of these 

statistical parameters was undertaken to attain an efficient 

assessment of the different aeration schemes on the 

aerobic SBRs. 

III. RESULTS AND DISCUSSIONS 

 

Variation of HRT and COD removal Efficiency 

 

  The effect of hydraulic retention time on the performance 

of the SBRs under different aeration scheme in-terms of 

COD removal is presented in Fig 2. 

 
Fig.2: Variation of COD removal efficiency with HRT. (Shabangu et al., 

2016).   
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Fig.1: Demonstrates the piping & instrumentation diagram for the treatment 

of brewery wastewater (Shabangu et al., 2016).   
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  As can be seen, the COD removal in terms of the hydraulic 

retention time in the continuous low aeration scheme (CON 

SBR1) was significantly different from the cyclic aeration 

scheme (CYC SBR2). A polynomial fit correlation constant 

R2 = 0.9281 for the continuous low aeration as compared to 

R2 = 0.9026 for the cyclic aeration schemes. The R2 values 

proved significant percentage COD removal fit in relation to 

the HRT between the two aeration configurations and the 

second order polynomial approximation.  However, a 

similar trend in COD removal was reported during the 

experiment for both aeration configuration schemes as a 

function of the hydraulic retention time, as is shown in Fig 

2. Upon viewing the experimental data; it appeared that the 

most significant difference in percentage COD removal was 

for HRTs 3 days and 4 days as is in Fig 2. Although, due to 

less percentage COD removal observed from HRT 5 days 

till 7 days, a supposition that optimum high strength organic 

removal was accomplished after 5 days was reached. 

 

  The COD measurements carried out during all batch 

experiments were conducted in triplicate for accuracy check 

purposes. This was used to estimate the uncertainty and 

through standard error propagation rules.  Hence as shown 

in Fig 3, at higher HRTs, there was more percentage COD 

removal. Perhaps it was perceived from the standard error 

bars that higher HRTs resulted to higher errors as well. It 

was hypothesized that this could be due to the sampling 

technique that was employed during experimentation even 

though the accuracy check was conducted in all 

measurements. The experimentations mode of operation as 

batch, and the aeration configuration could also contribute 

to the magnitude of error that increased with higher HRTs 

as presented in Fig 3. Therefore all batch experiments for 

both aerobic SBRs were conducted over 5 days HRT.  This 

was perceived to avoid the magnitude of uncertainty levels 

in percentage COD removal with increased HRTs. 

 

Fig.3:  variation of COD and HRT within 7 batches runs.  

 

 

  Based on the data presented in Fig 3. it was established 

that the percentage for COD removal for the continuous 

aeration scheme (CON SBR1) are more significant 

compared to the cyclic aeration scheme (CYC SBR2). 

Therefore, further assessment of the (CON SBR1) was 

DATA ON BATCH RUNS: CONTINUOUS AERATION HRT, COD, COD REMOVAL. 

 

TABLE I: BATCH 1 

HRT 

(Days) 
COD % REMOVAL 

0 12315 0 

1 8752 29 

3 5620 54 

4 3215 74 

5 1520 88 

6 523 96 

 

TABLE II BATCH 2 

HRT 

(Days) 
COD % REMOVAL 

0 15454 0 

1 10013 35 

3 6485 58 

4 3324 78 

5 1545 90 

6 548 96 

TABLE III: BATCH 3 

HRT 

(Days) 
COD % REMOVAL 

0 12296 0 

1 8548 30 

3 6580 46 

4 2504 80 

5 1648 87 

6 586 95 

TABLE IV: BATCH 4 

HRT 

(Days) 
COD % REMOVAL 

0 9472 0 

1 6945 27 

3 4521 52 

4 2645 72 

5 1542 84 

6 654 93 

 

TABLE V: BATCH 5 

HRT 

(Days) 
COD % REMOVAL 

0 19568 0 

1 13205 33 

3 7584 61 

4 3645 81 

5 950 95 

6 547 97 

 

TABLE VI: BATCH 6 

HRT 

(Days) 
COD % REMOVAL 

0 18006 0 

1 12345 31 

3 7458 59 

4 3578 80 

5 1052 94 

6 348 98 

 

TABLE VII: BATCH 7 

HRT 

(Days) 
COD % REMOVAL 

0 14968 0 

1 10455 30 

3 6458 57 

4 3641 76 

5 1458 90 

6 684 95 
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undertaken for another phase involving 7 experimental 

batch runs for maximum HRT of 7 days. Figure 3 represents 

the profile of these 7 batches conducted under continuous 

aeration. Tables I – VII denote the data generated during the 

trials. Day 0 represents the inlet COD, the remaining values 

of COD are the values recorded as the HRT is increasing. 

Analyzing these tables and Figure 3.2, it was found that the 

higher the HRT the higher the COD removal efficiency. 

However, day 5 was found to be the optimum HRT. This 

was obtained through a student T-Test analysis (P ˂ 0.05). 

This statistical significance was performed on between the 

HRT and percentage COD removal. 

 

COD Mass balance  

 

  Tables VIII – IX   presents the COD mass balance for 

CON SBR1 and CYC SBR2 based on the averages of all 

batch experiments. As is shown, the total input COD with 

100 % basis before treatment in SBRs was an average of 

0.126 kg. It was observed that after treatment in CON 

SBR1, an output of 0.007 kg, representing 6 % was 

achieved. This result stimulates the implication that a total 

COD mass of 0.119 kg representing 94 % was accrued in 

CON SBR1. This total biological organic pollutant in terms 

of COD accumulation was due to solids retention and 

biological degradation activity in CON SBR1. CYC SBR2 

presented a total mass output of 0.023 kg, demonstrating 19 

%. An accumulation of 0.103 kg, representing 81 %, was 

attained in this reactor, showing that most of the organic 

pollutants in terms of COD were removed through solids 

retention and a high level of biological degradation within 

the reactor. This result also inferred that COD removal was 

achieved through solids retention and biological degradation 

within CYC SBR2, as achieved in CON SBR1. 
 

PRESENTS THE BOD MASS BALANCES FOR CON SBR1 AND 

CYC SBR2 (Shabangu et al., 2016). 

TABLE VIII 

Continuous Aeration SBR1 Material Balance 

COD 

Input 

(kg) 

COD Accumulation 

(kg) 

COD Output Stream 

(kg) 

0.126 0.119 0.007 

% Removal 

100 94 6 

 

TABLE IX 

Cyclic Aeration SBR2 Material Balance 

COD 

Input 

(kg) 

COD 

Accumulation 

(kg) 

COD Output Stream 

(kg) 

0.126 0.103 0.023 

% Removal 

100 81 19 

 

BOD Mass balance 

  As displayed, Table X and XI present the BOD mass 

balance for CON SBR1 and CYC SBR2 of overall batch 

averages. Both SBRs presented great significance in BOD 

removal. As presented, a total of 100 % BOD input before 

treatment in SBRs was 0.037 kg on mass basis. It was 

observed that after treatment in the CON SBR1, an output 

of 0.007 kg was achieved representing 20 %. It was thus 

concluded that a total mass of 0.029 kg, demonstrating 80 % 

was accumulated in CON SBR1. This total biological 

organic pollutant accumulation was due to solids retention 

and the biological degradation activity in CON SBR1. CYC 

SBR2 showed a total mass output of 0.014 kg, representing 

36 %. An accumulation of 0.023 kg, representing 64 %, was 

achieved in this reactor, proving that most of the organic 

pollutants in terms of BOD were removed through solids 

retention and biological degradation within the reactor. 

 
TABLE X 

Continuous Aeration SBR1 Material Balance 

BOD 

Input 

(kg) 

BOD 

Accumulation 

(kg) 

BOD Output Stream 

(kg) 

0.037 0.029 0.008 

% Removal 

100 80 20 

 

TABLE XI 

Cyclic Aeration SBR2 Material Balance 

BOD 

Input 

(kg) 

BOD 

Accumulation 

(kg) 

BOD Output Stream 

(kg) 

0.037 0.024 0.013 

% Removal 

100 64 36 

 

Summary of independent samples T-Test performed on SPSS  

 
SUMMARY OF INDEPENDENT SAMPLES OF BOTH CON SBR1 AND 

CYC SBR2 CHARACTERISTIC (Shabangu et al., 2016). 

TABLE XII: 

Characteristic CON SBR1 CYC SBR2 P-Value 
COD (mg/L) 594 ± 621 1885± 1649 0.011 
BOD (mg/L) 609 ± 424 1067 ± 775 0.050 

 

  In evaluating the performance of the two laboratory-scales 

sequencing batch reactors on treating brewery wastewater, 

an independent sample T-Test to match parameter levels 

between the two laboratory-scale SBRs was conducted. It 

was established that CON SBR1 had statistically 

significantly greater COD Removal (594 ± 624.1 mg/L) 

matched to CYC SBR2 (1885.2 ± 1649.1 mg/L), P ˂ 0.011. 

A better BOD removal on CON SBR1 of (608.8 ± 423.5 

mg/L) related (1067.7± 1649.1 mg/L), P ˂ 0.057 was 

statically attained. The above statistical analysis performed 

on SPSS, CON SBR1 indicated better-quality organic 

pollutant removal competence than CYC SBR2. 

 

IV. CONCLUSIONS  

  In this research paper, the removal performance of two 

aerobic sequencing batch reactors on organic pollutants 

(COD and BOD) in relation to HRT was studied. The 

alteration endorsed was the aeration configuration schemes 

namely; continuous low oxygen concentration vs. cyclic 

aeration schemes.  These aforementioned results specified 
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that the continuously aerated reactor had more capable 

biodegradation activity of the microbial mass due to oxygen 

abundance. Optimum HRT was achieved within 5 days of 

treatment time in both aeration schemes as is shown in Fig 2 

and Fig 3. A firm assumption based on multiple 

experimentally conducted batch runs verified that there was 

high levels of uncertainty propagated by errors as the 

treatment time was prolonged. It was clearly established that 

5 days HRT time was the optimum treatment time 

containing a more balanced level of uncertainty and errors. 

The results acquired through mass balances, also displayed 

that treatment efficiencies in terms of COD and BOD was 

94 % and 85% respectively for continuous aeration 

configuration and 81 % and 65 % for the cyclic aeration 

scheme. SPSS analysis on mentioned parameters presented 

a strong significant difference between the two aeration 

configuration schemes, with a value of P ˂ 0.05. This was 

an indication that the continuous aeration reactor had better 

removal ability.  
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