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ABSTRACT

A preliminary laboratory study was conducted using upfl ow anaerobic sludge blanket 
(UASB) reactor to investigate the potential of methane generation from brewery wastewater. 
Brewery wastewater from a local brewery company was collected and used in the experiments. 
The experiments were run for 15 days. The rate of methane production was about 5.32 L per 
kg of chemical oxygen demand (COD) removed per day. The pH reduction in the experimental 
reactor limited the ability of gas production and is likely the result of the temperature at which the 
experiments were conducted.
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INTRODUCTION

Like domestic wastewater, treatment of brewery wastewater is a regulatory 
requirement to meet the national pollutant discharge elimination system (NPDES) 
permit limits. Although the brewing industries discharge large volumes of highly 
polluting efϐluents throughout the year [1,2], the brewing industry constitute 
an important economic segment of any country [3,4]. In fact, beer is the ϐifth most 
consumed beverage in the world behind tea, carbonates, milk and coffee [3]. Beer 
brewing involves two main steps, i.e., brewing and packaging of the ϐinished product 
[5]. In addition, cleaning of tanks, bottles, machines, and ϐloors produces high 
quantities of polluted water [5]. It is estimated that for the production of 1 L of beer, 
3-10 L of waste efϐluent is generated depending on the production and speciϐic water 
usage [1,3,6,7]. In other words, very large quantities of water are consumed during 
the beer brewing process [8]. Most breweries discharge 70% of their incoming water 
as efϐluent. Efϐluent is deϐined as wastewater that is generated and ϐlows to the sewer 
system that ultimately goes to wastewater treatment plants. In most cases, due to the 
high COD content, brewery efϐluent disposal costs may be much higher than water 
supply costs and domestic wastewater treatment costs.

In anaerobic decomposition of brewery wastewater, biogas with a high concentration 
of methane is produced as a by-product, and this may be captured and used as an 
energy source, to generate electricity for export and to cover its own running power. 
Methane generation is a by-product of anaerobic process of wastewater treatment. 
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Methane is classiϐied as natural gas that can be used to generate electricity or as a fuel 
to heat boiler water or heat ofϐices or houses. Therefore, estimate of the potential of 
methane generation is important for planning and usage purposes. For the brewing 
industry, energy is required during the process of brewing beer, package the beer, 
general equipment for the production, and the employee hygiene. When the brewing 
process is complete, the residual energy present in the wastewater can be harvested 
for providing energy to other required industrial processes [9]. Several studies [10,11], 
investigated the direct electricity generation from brewery wastewater decomposition 
using microbial fuel cells (MFCs) and membrane-free MFC. Their results suggested that 
it is feasible to generate electricity with the treatment of beer brewery wastewater and 
concluded that higher COD contents generate higher electric density. 

The technology needs constant monitoring when put into use to ensure that the 
sludge blanket is maintained, and not washed out (thereby losing the effect). The heat 
produced as a by-product of electricity generation can be reused to heat the digestion 
tanks, nearby houses or ofϐices. In this study, an attempt has been made to evaluate the 
potential methane generation rate from brewery wastewater using upϐlow anaerobic 
sludge blanket (USAB) reactor in a laboratory set up using local brewery wastewater. 
The main limitations of this study are: (1) the star-up of anaerobic systems is typically 
slow (2 or 3 weeks if seed sludge is used) and this study was conducted for 15 days that 
may not be suitable for drawing exclusive conclusions regarding biogas production. 
That is why the title was framed as “a preliminary investigation”. (2) The lab-scale 
reactors were modiϐied anaerobic reactors instead of UASB reactors (i.e. the three-
phase separator were replaced by external weirs to provide hydraulic barrier).

MATERIALS AND METHODS

The typical properties of brewery wastewater make it an excellent candidate for 
treatment using anaerobic reactors. Based on the typical data shown in table 1 brewery 
wastewater is considered a high strength wastewater. Upϐlow Anaerobic Sludge 
Blanket (USAB) reactors are one of the more common reactors that are being used 
now-a-days and especially with high strength wastes [8]. This was one of the reasons 
to use the USAB reactors in this study as the strength of the brewery wastewater used 
in this study is very high. 

Brewery wastewater used in this study was collected from a local microbrewery 
located in the Atlanta area. The wastewater collected appears to be a representative 
sample of a typical wastewater discharge for a week period. The wastewater included 
cleaning chemicals (acids and bases), multiple different beer residuals, and water 
(which would be used for the cleaning of tanks). The brewery wastewater samples 
were collected in a 50L Nalgene bottle type container.

Experiments were run for a period of 15 days at a room temperature of 
approximately 23°C throughout the experiment period. This temperature was ideal 
because additional external energy would not be required to heat the reactors and 
would off-set the beneϐits of energy production. Maintaining and heating a system 
would also increase the maintenance effort associated with the installation of a reactor 

Table 1: Typical characteristics of brewery wastewater.

Parameter Enitan et al., [12] Inyang et al., [13] Simate et al., [8] Rao et al., [14] This study (Moss) 
[15]

COD (mg/L) 1096-8926 2000-6000 2000-6000 2000-6000 44,100-135,300

BOD5 (mg/L) 1609-3980 1200-3600 1200-3600 1200-3600 ---

TSS (mg/L) 530-3728 200-1000 2901-3000 2901-3000 ---

Temperature (oC) 24-30.5 18-40 18-40 18-40 23-35

pH 4.6-7.3 4.2-12 3-12 3-12 5.41-6.71
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and increase the ongoing cost of the system. Wastewater was run through the reactor 
on a continuous basis using a peristaltic pump at a ϐlow rate of 0.25 mL/min. Figure 1 
illustrates the experimental set up that was used in this study. Seed sludge (Figure 1a) 
was introduced into the reactor approximately one day before the start of the test. It 
was a concern that residual chlorine from the city water system could impact microbial 
growth within the seed sludge. For this reason, the city water was mixed and held for 
over 10 days before introduction into the reactor. After one day most of the suspended 
solids during the introduction were settled back into the sludge blanket as the mixing 
was not continuous.

Inϐluent tubing runs from the brewery wastewater, through peristaltic pump, into 
the bottom of the reactor. The inϐluent locations were spread evenly along the bottom 
of the reactor in an attempt to evenly distribute ϐlow across the bottom of the reactors. 
A sloped bottom (Figure 1) is located in the corner of the efϐluent end of the reactor 
which assisted in congregating the sludge blanket in the area of the inϐluent locations. 
This also assisted in retaining biomass inside the reactor by locating the inϐluents 
further away from the efϐluent. Some studies used bafϐles that are typically located on 
the sides of the tank to prevent solids from leaving the tank [16]. Efϐluent water leaves 
the tank through bafϐles located near top of the tank.

Brass hydraulic quick-connects were used to distribute ϐlow to the four inlet 
locations. The quick connects were screwed into the reactor and sealed with 2-part 
epoxy glues at the threads. External weirs were constructed and placed on the reactors 
to provide a hydraulic barrier to retain generated gas in the collection device and 
provide a barrier to retain solids within the reactor. A brass nipple connector was use 
on the top of the reactor as gas collection port. The brass connections were screwed 
into the top of the reactor and threads were sealed using 2-part epoxy glues. Tubing 
was connected to the brass nipple and ran to the gas collection devices. Wastewater 
efϐluent samples were taken from the exterior weir of each reactor. 

Hydraulic tests were conducted on the reactors before beginning the tests. The 
difference in the water surface of the reactors and efϐluent weir served as an on-going 
check of the air tightness of the reactors. Additionally the air displaced could be visual 
observed at the gas collectors. Efϐluent wastewater was collected in 5 gallon container 
and water volume was inspected nightly to insure consistent ϐlow rate was maintained 
within each reactor. 

Grab samples were collected periodically for determination of COD, pH, and gas 
volume. COD and pH samples were collected daily from the reactor inϐluent and efϐluent. 
COD was determined using HACH DR/3900 automatic data logger spectrophotometer 
and the pH was determined using HACH HQ411d multimeter. 

The gas was collected from the gas collection cubes (Figure 1b) in 10-L Teϐlon 
bags at 5-day interval for 15 days. This time frame was selected to provide an average 

(a) (b) 

Figure 1: The schematic presentation of the experimental set up.
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production rate over the time frame, and allowed for more accurate measurement 
of relatively small volumes of gas compared to large scale reactors. The gas was 
initially analyzed using a Flame Ionization Detector (FID) by ASTM D7675-15. Since 
the gas content for all of the samples exceeded 1,000 ppm, which is the maximum 
determination limit FID, the gas samples were shipped to Test America Laboratory in 
Knoxville, TN. The volume and pressure (based on difference of water elevation inside 
and outside of the cube) were measured before gas samples were collected. The ideal 
gas law was applied to obtain the quantity of methane generated using the typical 
values listed in Simate et al. (2011). This study showed that brewery wastewater is 
composed of approximately 55-75% methane (CH4), 25-40% carbon dioxide (CO2), 
and traces of hydrogen sulϐide (H2S). The details of the procedure can be found in [15].

RESULTS AND DISCUSSIONS

The brewery wastewater inϐluent is an opaque yellow color and the efϐluent is 
translucent brown color. Suspended and settled solids were visually observed in the 
inϐluent brewery wastewater and no solids were visually observed. Based on this 
observation, it appears as through the reactor retained solids. Solids retention is a 
concern for UASB reactors [17], and therefore was a focus during the building of the 
reactor. Strong odors originating from the brewery wastewater inϐluent were noted 
throughout testing. In the beginning of the test, wastewater had a crisp beer smell. As 
days progressed the smell became increasing sour. It appears that this may be a result 
of pH drops within the inϐluent and the reactors. 

The variation of pH in brewer wastewater inϐluent and efϐluent with time is 
presented in ϐigure 2. The initial pH of the brewery wastewater inϐluent and efϐluent 
were about 6.34 and 6.17 respectively, and by day nine of the experiment, the pH went 
down to 5.41 and 5.69 respectively. In order to prevent souring, pH was raised by 
adding sodium hydroxide to the inϐluent. From day 9 to 15, the pH was raised from 
5.41 to 6.71 that provided favorable environment for the microbes. The cost of the 
chemicals to increase the pH could offset cost savings of on-site gas production. The 
beer brewing process is an acid process, and micro-breweries utilize caustics such as 
sodium permanganate during the beer making process. 

The variation of COD values in inϐluent and efϐluent with time is presented in ϐigure 
3. As seen in this Figure, over the experiment period, the inϐluent COD concentrations 
went down. This could be a result of the inϐluent tubing located at the bottom of the 
wastewater containers and the tubing extracted the high strength settled solids from 
the container while wastewater with less solids remained at the top of the container. 
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After day ϐive of the experiment, the containers were mixed once a day to simulate the 
mixing effect of an equalization tank and provide consistent concentration of solids 
entering the inϐluent tubing. 

The COD values measured at the lab during this study was greater than 100,000 
mg/L at the beginning of the experiment period, and exceeded 80,000 mg/L for 8 days 
out of the 15 days. Wastewater for previous studies was likely provided by larger 
breweries with larger operations than micro-breweries. A microbrewery may use less 
water compared to a larger operation (due to less equipment to clean, less waste, etc.) 
which would increase the COD concentration of the wastewater. The COD data gathered 
during this study suggest that the brewery reactor would digest and convert that COD 
to energy. In the digestion process, volatile fatty acid (VFAs) was formed when sugars 
and starches were broken down that ultimately reduce the pH of the reactors [17]. If 
the pH drops too low, the conversion of the VFAs to methane was hindered. This is 
commonly referred to as souring of the reactor, and the data suggest that this would 
have occurred inside of the reactor before the addition of sodium hydroxide. Sodium 
hydroxide was added to the inϐluent tank to increase the pH as the microbes cannot 
survive in acidic environment.

The variation of overall and percent COD removal with time is shown in ϐigure 4 
and the variation of COD removal in g/day and pH with time at a ϐlow rate of 0.25 
mL/min is shown in ϐigure 5. As seen in these Figures, high inϐluent concentrations 
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of COD (>100,000 ppm) were experienced in the ϐirst ϐive days. The microorganisms 
seemed to respond to the loading of the reactors and produced increased both the 
percent and gram of COD removal for the ϐirst four days, but from day four to seven 
the percent COD removal dropped from 78% to 16%. The pH was consistent through 
the ϐirst 6 days and remained between 6.34 and 6.13. After day 6 and till day 9 (before 
the addition of the sodium hydroxide) the pH in the reactor went down from 6.15 to 
5.41 (Figure 5). This could be the reason for a sharp decrease in the COD removal. The 
reduction of COD concentration and pH is likely a result of more VFAs being created 
than methanogenic bacteria that usually is converted into methane. After the addition 
of sodium hydroxide, the COD concentration reduced and ranged from 4,800 to 19,400 
(relatively lower than the ϐirst two thirds of the test), but remained relatively consistent. 
It appears that if the pH remains consistent in the higher side, larger quantities of COD 
are removed. As changes (decrease) of pH occurred within the reactor, less COD was 
removed. The increase in COD removal during stable and/or increased pH period was 
observed for 6-7, 8-9, and 9-15 days. 

The normalized methane volume per kg of COD removed versus time was plotted 
and presented in ϐigure 6, to estimate the production rate of methane. As seen in this 
Figure, the data for day 11 was removed from the plot, due to low COD removal, which 
seemed to be an outlier. Three trend lines such as linear, polynomial and exponential 
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were added in ϐigure 6 to see which one is the best ϐit. Based on the R2 values, 
polynomial (R2=0.8893) seems to be the best ϐit and exponential (R2=0.6730) seems to 
be the least ϐit. In order to estimate the rate of CH4 production per kg of COD removal 
per day, the linear trend line (R2=0.7194) was used and the gas production rate over 
the experiment period was found to be about 5.32 liters of CH4 per kg of COD removed 
per day. The gas production increases during period of 10 to 15 days that could be due 
to the increase of pH during this period (Figures 2 and 5).

CONCLUSION AND RECOMMENDATION

The preliminary study shows some potential of CH4 generation from brewery 
wastewater treatment using USAB reactor. Operating an UASB reactor will require 
chemical pH stabilization to raise the pH to balance the production of VFAs and the 
conversion of VFAs to methane. An UASB reactor treating brewery wastewater operated 
at 23°C produces approximately 5.32 liter of methane gas at ambient temperature and 
pressure per kg of COD removed per day. In the future studies, it is recommended to 
provide mixing for inϐluent wastewater containers to prevent decreasing COD over the 
test period, increase temperature of the reactors to the Thermophilic Range (>35°C), 
stabilize pH throughout the experiment period to determine the gas production rate 
at a certain pH and ambient temperature and pressure, and eliminate the afore-
mentioned limitations. 
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