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Abstract. Anaerobic digestion of ethanol-based distillery wastewater (DWW)
was conducted in an immobilized 2-L Erlenmeyer flask set in 120 rpm incubator
shaker and at 40°C thermophilic condition for 30 days. K1 moving bed biofilm
carriers, with specifications of 10 mm diameter, 7 mm length, density of 0.96–
0.98 g/cm3 and a specific biofilm surface area of > 800 m2/m3, were used for
immobilization. With five batches of anaerobic digestion, pure and diluted DWW
were observed. The control batch with no carriers and with pure DWW produced
the least volumeof biogas.Batch 5,whose volumedilution ratio is 7:3 (DWW:pure
water), produced the highest volumetric yield of biogas of 2 L. Similarly, Batch
2, which is pure DWWwith no plastic carriers produced almost the same volume
of biogas (1850 L) as compared to that of Batches 3 through 5 with complete
nutrients. Among the samples, Batch 5 has the highest degree of TSS reduction
and has BOD/COD ratio of 0.23, which is closest to zero that practically implies
perfect biodegradability.
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1 Introduction

Solid Organic Waste (SOW) management still faces many challenges in developing
countries, with food wastes, yard wastes, animal manure, waste activated sludge, and
agricultural waste yield in an increasing annual rate. One of the most polluting organic
wastes is wastewater from distilleries due to the 88% of its raw materials that is dis-
charged into the environment [1]. Ethanol as a type of alcohol serves many purposes
in various industries, such as in chemical and manufacturing. Ethanol industry is pro-
ducing huge amounts of alcohol to supply to the society. However, large volume of this
unwanted chemical liquid is emitted and posed a threat to the ecosystem as it contains
high biological and chemical oxygen demand, salt contents, and heavymetals that makes
it acidic [2]. There exist many methods to resolve this global issue by converting the
waste into valuable products. The biofuel as a research area gives a promising solution
in producing energy from these SOW, and simultaneously utilizing the remaining waste
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as a possible resource or raw material to a significant industry. With potential in treating
various organic wastes, anaerobic digestion (AD) is used to transform these into biogas
energy and a stabilized fertilizer known as digestate. However, limitations in anaero-
bic digestion originate from the inadequate amount of mono-substrate supply and lack
of immobilization of the feedstock. For the AD to become an efficient process, there
must be an optimal amount of nutrients such as carbon (C), nitrogen (N), phosphorus
(P), and sulfur (S). However, if the substrate has an excessive or deficient C/N, it can
cause incomplete conversion of carbon due to inability in producing enzymes or can
accumulate ammonia from conversion of urea [3].

Microbial culture present during anaerobic digestion should be immobilized tomain-
tain a low concentration of the intermediates. A moving bed biofilm reactor has proven
its potential in wastewater treatment to reduce the harmful organic compounds present.
In terms of cost effectiveness in maintaining a high rate AD, the need to use moving bed
biofilm reactor system sustains the microbiological community by the growth of biofilm
in the plastic media. To this date, no studies found in the previous researches in utilizing
a moving bed biofilm reactor.

This study aims to achieve the following objectives: (1) to compare themethane yield
of distillery wastewater digested under plastic media to that of recent studies and (2) to
determine the physico-chemical characteristics of the final digestate: pH, intial and final
BOD/COD, %TSS (Total Suspended Solids) reduction, and %TP (Total Phosphorus).
This papers seeks to analyze the effects of biofilm formation in the improvement of
biogas supply using a moving bed biofilm reactor. Further, this can provide new insights
in determining the effects of added nutrients and other factors that may influence the
biogas production.

2 Experimental Methodology

Distillery wastewater (DWW) samples were freshly taken from Batangas’ Absolut Dis-
tillers, Inc, whereas the cow manure was sourced from YGGACCHAI farms in Laguna.
The latter was sealed and incubated at 40 ◦C anaerobically for seven (7) days before the
experiment. Cow manure is used as the inoculum for the samples to generate bacteria
immediately throughout the experiment. In this study, there are five samples containing
distillery wastewater and pure water. Table 1 shows different parameters for each batch
sample, where the DWW/water ratio, micronutrients, glucose, and media carrier are
taken into consideration. The composition of the micronutrients used can be found in
Table 2.

In order to immobilize the substrates, plastic carriers are used as the medium to
contain the bacteria for anaerobic digesting upon integrating in the moving bed biofilm
reactor.K1moving bed biofilmcarriers thatwere utilized has the following specifications
of 10 mm diameter, 7 mm length, density of 0.96–0.98 g/cm3 and a specific biofilm
surface area of > 800 m2/m3.

To remove the oxygen and promote AD in all the samples, nitrogen gas entered
through a glass tube, submerged in the mixture, and was purged in each of the media
bottle for 10 min. The oxygen that was initially present in the samples exit through the
other glass tube. In order to collect the produced biogas, 2-L urine bags were connected
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Table 1. Different controls used for the anaerobic digestion study

Sample Batch DWW (mL) H2O (mL) Nutrient Glucose (g/200 mL) Carriers

1 1400 0 X X X

2 1400 0 ✓ ✓ X

3 1400 0 ✓ ✓ ✓

4 980 420 X X ✓

5 980 420 ✓ ✓ ✓

to each of the media bottles though rubber tubes. The media bottles were exposed to a
constant temperature of 37˚C inside an orbital shaker set at 120 rotations per minute in
a duration of 4 weeks as shown in Fig. 1.

(a) (b) 

Fig. 1. Experimental setup for lab-scale Anaerobic Digestion: (top) Sample Batches and (bottom)
thermophilic condition imposed by thermal incubator

Table 2. List of Macronutrients and Micronutrients used for the anaerobic digestion study

Nutrients Required Amt. Based on the Literature (g/L) [2] Weighed Amount (g)

Glucose 30 42.0364

KH2PO4 0.5 0.7033

MgSO4.7H2O 0.2 0.2863

MnSO4.7H2O 0.01 0.0163

(continued)
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Table 2. (continued)

Nutrients Required Amt. Based on the Literature (g/L) [2] Weighed Amount (g)

FeSO4.7H2O 0.01 0.0146

NaCl 0.01 0.0152

CuSO4.5H2O 0.1 0.1437

CoCl2.6H2O 0.1 0.1444

ZnSO4.7H2O 0.02 0.0317

3 Results and Discussion

Figure 2 shows that using pure DWWproduced the least biogas as the authors speculated
less amount of carbon utilized by the anaerobes. Batches 2 and 5, meanwhile, produced
the maximum volume of around two (2) L at day = 24; however, the former diffused
from 2000 mL to 1850 mL at the last day. Both of them had nutrients and glucose that
suit as optimal intake for the bacteria, which led the AD process to commence within a
short period of time.

0

500

1000

1500

2000

2500

1 4 8 12 16 20 24 27

Vo
lu

m
e 

of
 B

io
ga

s C
ol

le
ct

ed
 (m

L)
 

Reten on me (days) 

Day vs. Volume of Biogas Collected 

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

Fig. 2. Volumetric profile of Biogas for 27-day period

During the digestion process, there is a decrease in pH for all of the batch samples as
there is a production of acetate and fatty acids [4]. Themethanogenic bacteria can halt the
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biological reactions in the digestion due to its sensitivity in a very low pH environment.
The optimal pH of final digestate ranges from 4.0 to 7.2 in anaerobic digestion [5].

In Fig. 3, Sample 4, which has the lowest decrease of pH, resulted to low biogas yield,
whereas the remaining batch samples gave a consistent change of pH. The BOD/COD
ratio in percentage depends upon the biodegradability of organic matter, which ranges
from 0% (completely non-biodegradable) to 100% (completely biodegradable). Gener-
ally, it decreases before to after digestion (AD) due to presence of high proportion of
non-degradable materials [5]. The optimal BOD/COD before undergoing to AD spans
a range from 0.39 to 0.55, based on literature [6]. Generally, data points show that
biodegradation took the most effect on the sample of diluted distillery wastewater mixed
with nutrients, glucose, and media, thereby providing a place for colonies of bacteria to
grow. Data of the change in BOD to COD ratio are well-matched with the AD principle
by showing the largest difference between the initial and the final values. The BOD/COD
ratio in Sample 5 is approaching to zero implying that degradation took place in an effec-
tivemanner, with the possibility of projecting a hitting peak statewherein biodegradation
stopped.

Fig. 3. Comparison of different parameters among all Batch Samples

Also, Sample 5 showed the greatest reduction of suspended solids, indicating that
AD took the greatest effect on it by means of biodegradability that was also observed
in BOD/COD ratio. This only indicates that higher % reduction value of TSS resulted
to greater volume of biogas yield. In this study, the optimum TSS to generate greater
volume of biogas should be in the range of 938 to 1,456mg/L. On the other hand, the data



34 M. Almendrala et al.

for both biogas yield and total phosphorus shows no consistent trend and thus implies
no correlation.

It is noteworthy that only Batch 5 was the only sample the researchers observed
with the formation of biofilm as seen in Fig. 4. This phenomenon could be attributed
to the enhanced metabolic processes due to coordinated interactions between individual
microbes that exist in a single culture of mixed microbes. Applicable for Sample 5, the
microbial cultures in the biofilm seemingly digest the nutrients such as phosphorous and
nitrogen-containing complexes during AD.

Fig. 4. Comparison of media carriers after 27 days of AD: (a) Batch 3, (b) Batch 4, and (c) Batch
5

Table 3 summarizes the quantitative biogas yield from the initial volumetric amount
of the substrates used. The volume of the feed is constant for all the samples, which is
1.4 L pure distillery wastewater. However, the biogas yield differs as there is an addition
of nutrients, glucose, and carriers. The ratio of distillery wastewater and pure water also
influenced the amount of biogas produced through anaerobic digestion. It is shown in
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this study that a mixture of distillery wastewater and pure water with added nutrients,
glucose, and utilization of plastic carriers produced the highest yield among the other
samples for about 2 L. It is also to highlight that with a mono-substrate of distillery
wastewater with nutrients and glucose only generated the second highest volume of
biogas of 1.85 L.

Table 3. Comparison of substrate to its volume of biogas produced

Substrate Feed (L) Biogas yield (L)

Pure DWW with nutrients and glucose 1.4 1.85

Pure DWW with nutrients, glucose, and carriers 1.4 1.7

49:21 (DWW to H2O) with carriers 1.4 1.75

49:21 (DWW to H2O) with nutrients, glucose, and carriers 1.4 2

4 Conclusion

In this batch experimental study, indicators such as pH level, BOD/COD ratio and total
suspended solids are considered in the study on anaerobic digestion of sugarcane dis-
tillery wastewater and are compared from the volumetric biogas yield pH levels must be
around the setpoint value of 5.0 for the sample to undergo anaerobic digestion. Potential
candidates tend not to change pH drastically during AD due to the buffer capacity sup-
plied by ion bicarbonate equilibrium that should exist in the sample. A ratio of BOD to
COD approaching to zero practically implies perfect biodegradability. Among the sam-
ples, Sample 5 has the BOD/COD ratio closest to zero and is also the sample that yields
the most biogas. Meanwhile, a reduction of suspended solids almost always resulted
from the proceeding of anaerobic digestion.

This experimental study shows that a combination of cobalt, magnesium, iron, and
zinc makes AD proceed faster. Another way for making anaerobic digestion more effi-
cient is by employing packing materials, or a media to allow more interaction between
the microbes and the substrate. It is also noted, that a blend of microbes is better than just
having a culture of one kind of microbes. This is because a coordinated metabolic pro-
cessing makes anaerobic digestion proceed better than just having one kind of microbes
do the entirety of the metabolic processing. Although some parameters need to take
account such as Volatile Suspended Solid (VSS) reduction, overall, this study gives bet-
ter insights of digesting sugarcane distillery wastewater in an anaerobic environment
with the aid of plastic media containing a culture of multiple types of microbes.
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