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Vinasse that has high COD and total solid content is bottom product of distillation from unit of
bioethanol production. Vinasse treatment using anaerobic digestion produced biogas. The purpose of
this research was investigation the effect of total solid content to biogas production rate from vinasse,
pH profile and COD removal. This research used anaerobic digester-laboratory scale at room
temperature and batch system. Initial pH for all media was adjusted at 7 with the aid of NaOH 10 N
solution. The result showed that vinasse:water ratio of 1:3 (TS 7.015+£0.007%) produced the most total
biogas (37.409 mL/g COD) however vinasse:water ratio of 1:2 (TS 9.310+0.014%) had the biggest
COD removal (23.580+0.532%) than others. Variables with TS more than 7.015+0.007% caused the
overloading in the digester whereas below of that caused unstable in decomposition process. Total
solid that was in high level indicated COD content of substrates in high level. The more of COD
concentration of substrates in the digester caused the more of COD removal after fermentation process
at anaerobic condition. Vinasse:water of 1:3 that was the best variable in this research had kinetic
model of biogas production which was P = 37.485x exp[-exp[((6.665 x ¢/37.485)/37.485) x (0.959-
t)+1]]. Kinetic constants of A (biogas production potential), U (maximum biogas production rate), A
(minimum time to produce biogas) were 37.485 mL/g COD, 6.665 mL/g COD.day, 0.959 days

respectively

doi: 10.5829/idosi.ije.2014.27.02b.02

1. INTRODUCTION

The rapid growing of population and the development
of industrial areas in the world caused increasing trend
of energy demand. Fossil fuels such as oil and coal are
the main energy sources, but their availability is limited.
In addition to non-renewable, use of fossil fuels can
reduce the quality of the environment. Burning fossil
fuels produces greenhouse gases that cause global
warming. These problems can be solved by production
of biogas [1-4].

Biogas is the result of fermentation of organic
materials under anaerobic condition. Organic materials
such as cattle dung, human fesses, straw and husk will
be destroyed by anaerobic microorganisms into biogas
[5]. The main component of biogas is methane (50-
75%) and the remaining is carbon dioxide (25-48%) and
small amounts of other gases [6, 7].

Vinasse can be used as feedstock of biogas. Vinasse
has COD contents more than 100,000 mg/L [8, 9].
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Organic materials that have high COD contents can be
converted into biogas by microbial activity in the
anaerobic digester [10]. From the above information,
vinasse can be processed into biogas by using anaerobic
digestion.

Vinasse is bottom product of the distillation of the
bioethanol production unit. Vinasse has a very high
COD, so it cannot be discharged directly into the river
[11, 12]. Treatment of vinasse must be done to reduce
COD to the extent permitted before it is discharged into
the river. Anaerobic treatment is the best choice to treat
vinasse because organic materials in the vinasse will be
converted into biogas. The biogas thus formed can be
used to reduce the need for fossil fuels of bioethanol
production unit [13-15]

Espinoza-Escalantea et al. reported that biogas
production from vinasse at pH 6.5 was greater than that
at pH 4.5 and 5.5 [15]. Buitron and Carjaval noted that
vinasse could be optimally converted into biogas at
temperature digester of 35°C [14]. Siles et al. stated that
ozonation pretreatment could increase the yield
coefficient of methane but this process required
expensive installation costs [13].


mailto:iqbalsyaichurrozi@gmail.com

Budiyono et al. / IJE TRANSACTIONS B: Applications Vol. 27, No. 2, (February 2014) 177-184 178

Total solid in vinasse is very high [16]. Zennaki et
al. stated that feedstock of biogas with 7-9% solid
concentration was best-suited [17]. Budiyono et al.
investigated the manure:water ratios to find the best
solid concentration in the production of biogas from
cow manure [2, 3]. Whereas investigation on the ratio of
vinasse:water to find the optimum total solid content to
biogas production rate has not yet been studied. This
research was focused on investigating the effect of
vinase:water ratio against biogas production rate.
Furthermore, the data obtained was used to make kinetic
model equation of biogas production from vinasse
through modified Gomperz equation.

2. MATERIALS AND METHODS

2. 1. Wastewater and Inoculum The wastewater
used was vinasse obtained from a bioethanol
production. The bioethanol industry located in Solo,
Central Java, Indonesia, that produced bioethanol from
molasses. Properties of vinasse that was used as biogas
feedstock as shown in Table 1.

The rumen fluid was used as inoculum. In this
research, rumen fluid that was in fresh condition was
obtained from slaughterhouse in Semarang, Central
Java, Indonesia.

2. 2. Experimental set up Anaerobic digesters were
made from polyethylene bottles which have a volume of
5 L. The bottles were plugged with rubber plug and
were equipped with valve for biogas measurement.
Anaerobic digesters were operated in batch system and
at room temperature. Biogas formed was measured by
liquid displacement method as also has been used by the
other authors [2, 3, 18]. The anaerobic digestion of
experimental laboratory set up is shown in Figure 1.

2. 3. Experimental Design Anaerobic digesters of
experimental laboratory using 5 L volume were
operated in batch system. Vinasse diluted using tap
water with ratio vinasse:water of 1:0, 1:1, 1:2, 1:3, 1;4,
1:5 on the basis of total volume 1 L. pH initial for all
variables was adjusted 7.0 by addition of NaOH 10 N.
Rumen fluid as methanogenic bacteria provider was
added into the digester as much as 10% v/v total
volume. Variables in this research are shown in Table 2.

2. 4. Experimental Procedures Biogas formed was
measured once every two days to know biogas
production. pH substrates in the digester were measured
by pH meter once every two days to know pH profile
daily. COD of initial and final substrates were measured
by COD meter.

2. 5. Kinetic Model of Biogas Production Biogas
production kinetic was modeled through modified

Gompertz equation [19]. Kinetic of biogas production in
batch condition was assumed that had correspondence
to specific growth rate of methanogenic bacteria in
digester [3, 20-25]. The modified Gompertz equation
as follows:

P=A.exp{—exp[¥ (A—t)+1]} (1

where P is cumulative of specific biogas production
(mL/g COD), A is biogas production potential (mL/g
COD), U is maximum biogas production rate (mL/g
COD.day), A is lag phase period or minimum time to
produce biogas (days), t is cumulative time for biogas
production (days) and e is mathematical constant
(2.718282). Kinetic constant of A, A and U was
determined using non-linear regression with help of
polymath software [3, 24, 25]

TABLE 1. Vinasse properties

Parameters Values

COD 299,250+1,060
TS 27.865+0.000
\D 284,659+0.000
pH 3.25+0.212

N 1,458+0.000

Remarks: COD, chemical oxygen demand (mg/L); TS, total solid (%); VS,
volatile solid (mg/L), pH, power of hydrogen; N, nitrogen content (mg/L).

TABLE 2. Variation of vinasse:water ratio

V:W  V(mL) W@mL) R(@mL) TS(%)

1:0 1000 0 100 27.910+0.014
1:1 500 500 100 14.005+0.021
1:2 3333 666.7 100 9.310+0.014
1:3 250 750 100 7.015+0.007
1:4 200 800 100 5.700+0.028
1:5 166.7 833.3 100 4.655+0.021

Remarks: V, vinasse; W, water; R, rumen fluid; TS, total solid (%).
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Figure 1. The batch anaerobic digestion of experimental
laboratory set up
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3. RESULTS AND DISCUSSIONS

3. 1. Biogas Production In anaerobic digestion,
organic materials were decomposed by microorganisms
through four stages, namely:hydrolysis, acidogenesis,
acetogenesis and methanogenesis. The product of the
process was biogas.

This research was done to investigate the effect of
water addition on total solid (TS %) in the initial
substrates. Variation of vinasse:water ratio caused
change in solid concentration and COD content of
substrates (Table 3).

Putri et al. reported that water molecule was needed
to support the hydrolysis reaction at acetogenesis stage.
At stage of hydrolysis, hydrolytic microbe degraded
complex organic compounds (carbohydrate, protein, fat)
into simple organic compounds (glucose, LCVFA,
amino acid). At acetogenesis stage, acetogenic bacteria
converted ethanol, propionate acid and butyric acid into
acetic acid [1].

Sadaka and Engler stated that water made possible
the movement and growth bacteria facilitating the
dissolution and transport nutrient. Water in the digester
reduced limitation of mass transfer of non-homogenous
or particulate substrate [26]. Water needed for biogas
production from organic wastes that consisted of
elements of C, H, O and N. The simple process of
formation of biogas was written mathematically [27]:

C.HyOoN,, + (4c-h-20+3n)/4 H,O —

()
(4ct+h-2a-3n)/8 CHy + (4c-h+2a+3n)/8 CO, + n NH;

The biogas production rate in variation of
vinasse:water is shown in Figure 2. Ratio of
vinasse:water variable with comparison 1:0 (R10) had
the lowest biogas production rate than other variables.
The high ratio of water in the substrate, the biogas
production rate was faster. From Figure 2, it was
concluded that the order of biogas production rate is:
R10<R11<R12<R13. However, R13 had biogas
production rate higher than R14 and R15. Biogas began
to form on second day for all variables. In variable
R10, biogas was produced slowly and ran out at 14"
day.

TABLE 3. Effect of vinasse: water to TS and COD

Vinasse: Water TS (%) COD (g)

1:0 27.910+0.014 300.855+1.060
1:1 14.005+0.021 151.230+0.530
1:2 9.310+0.014 101.355+0.354
1:3 7.015+0.007 76.418+0.264
1:4 5.700+0.028 61.455+0.212
1:5 4.655+0.021 51.480+0.177

Remarks: COD, total chemical oxygen demand in the digesters (g); TS, total
solid (%)
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Figure 2. Effect of vinasse: water ratio to biogas production
rate

Variable R11 had total biogas bigger than R10. In
variable R11, biogas formation rate rose slowly until the
12™ day, then biogas production was decreasing and
was completely discharged at 26™ day. In variable R12,
biogas production was increasing until the 3" day,
thereafter, biogas production decreasing and ran out at
16" day. In variables R13, R14 and R15, the biogas
production rate was very fast, but after 3 — 5™ day, the
biogas production was completely discharged at 12 —
16™ day (Figure 3(b)). The total biogas formed of R10,
R11, R12, R13, R14, R15 was 4.066; 15.643; 27.036;
37.409; 35.553; 35.090 mL/g COD respectively (Figure
2).

Budiyono et al. reported that the ratio cattle
manure:water:rumen fluid produced the biggest total
biogas which has TS between 7.4 — 9.2% [2].
Budiyono’s result confirmed the report of Zennaki et al.
that solids concentration 7 — 9% in the substrate
produced biogas optimally [17]. Below total solids level
of 7%, process degradation of materials into biogas was
unstable while total solids level of 10% caused an
overloading of the fermenter [2, 27]

In this research, variable R13 (TS 7.015+0.007%)
produced the biggest total biogas and had the fastest
biogas production rate. The result of this study was
similar with those of the other authors [2, 17, 27]. This
research, authors did not use solid waste such as cattle
manure but used liquid waste, vinasse. Authors
conclude that total solid level of either solid waste or
liquid waste need to be considered.
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3. 2. pH Profiles In anaerobic digestion, the optimum
condition of acidity for biogas production is in the range
6.8 to 8.2. Biogas production rate will decline at pH
condition higher or lower than the range [10]. In the
early stages of fermentation process, large amounts of
organic acid are produced by acid-forming bacteria, so
that pH in the digester can reach under 5. Then, the
fermentation process continuous and pH value gradually
becomes neutral. Decomposition of protein produces
NH;-N that makes pH neutral in the digester [28].

Acidogenic bacteria produce acetate, hydrogen gas,
carbon dioxide and few other VFA such as propianic
and butyric acid. These products make pH drop. A low
pH value inhibits the activity of microorganisms that are
involved in the biogas production especially
methanogenic bacteria [10, 29].

Vinasse contained variety of organic substances
such as acetic acid, lactic acid and glycerol [30]. In this
research, biogas was formed quickly in the beginning of
fermentation, but after 4-12" day (Figure 2 and Figure
3(b)), biogas was decreasing and finally ran out. Acetic
acid, lactic acid and glycerol were simple organic
compounds which can be easily converted by
microorganisms into biogas. The drop in pH decreased
biogas production rate (Figure 3). This phenomenon
was caused by ratio COD:N of substrate. The good
COD:N range to produce biogas optimally is 350:7 —
1000:7 [10]. In this research, vinasse obtained had
COD:N ratio = 1436:7.

Carbohydrate-rich substrates were good producers of
VFAs and protein-rich substrates were good buffering
capacity due to production of ammonia. So, if ratio
between carbohydrate (C) and protein (N) are
appropriate, biogas will be produced optimally [31].

From Figure 3(a), pH substrates of R10, R11 and
R12 always decreased from the beginning until final
fermentation. Whereas, pH substrate of R13, R14 and
R15 increased from 2 — 4™ day until 6 — 8" day, after
that pH decreased again till the end of fermentation.
This phenomenon indicated that the more water added
into the substrate caused reduced concentration of
organic compound in the substrate. So, acidogenic
bacteria produced VFAs in the optimal amounts and did
not disrupt the activity of methanogenic bacteria.
Failure process of anaerobic digestion could be due to
the unequal population of methanogenic bacteria against
acidogenic bacteria that made the state in acidic
condition that could hamper the methanogenic growth
[28].

3. 3. COD Removal (%) In anaerobic digestion,
organic material that is represented by the COD value
will convert into biogas. So, COD of substrate will be
decomposed by microorganisms during fermentation
process in the digester. The value of percentage of COD
decomposition is called COD removal. Speece stated

that 1 gram COD will be destroyed into 0.395 L biogas
at 35°C and I atm [10].

From Figure 4, COD removal of RI13
(18.208+£1.206%), RI14 (18.486+0.324%) and RI15
(18.407+0.323%) were less than R12 (23.580+0.532%).
This phenomenon indicated that increasing COD
concentration in the digester caused increasing COD
removal. The results of this research similar with
Soeprijanto et al. that COD of vinasse 15,000 mg/L had
COD removal that was bigger than 5,000 mg/L and
10,000 mg/L when it treated in the anaerobic digestion
[32]. However, R12 produced biogas that was less than
R13, R14 and R15. This was caused by activity of
acidogenic and methanogenic bacteria. The more
organic compounds entered into digesters caused the
faster acidogenic bacteria growth rate. Organic
compounds will be converted into fatty acid and it
caused pH to decrease. Whereas, methanogenic bacteria
could not grow well at low pH. This condition caused
biogas production low although COD removal was big.
This phenomenon could be concluded that the
fermentation process was dominated by acidogenesis
process and activity of methanogenic bacteria did not
grow well in the system (Figure 3).

On the other hand, COD removal of RI10
(1.456+0.427%) was less than R11 (19.367+0.436%)
and R11 was less than R12 (23.580+0.532%) although
COD concentration of R10 was bigger than R11 and
R11 was bigger than R12 (Figure 4).
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TABLE 4. Kinetic constant of biogas production

Modified Gompertz (Model)

V:W Biogas
(exp) A U s R

1:0 4.066 4.066 0.592 0.423 0.996
1:1 15.643 16.141 1.106 2.547 0.998
1:2 27.036 27.146 3.428 1.116 0.993
1:3 37.407 37.485 6.665 0.959 0.999
1:4 35.553 35.591 5.703 0.716 0.996
1:5 35.090 35.091 8.104 0.930 0.998

Remarks: V, vinasse; W, water; exp, experimental data (total volume of biogas
(mL/g COD)); A, biogas production potential (mL/g COD); U, maximum biogas
production rate (mL/g COD.day); A, minimum time to produce biogas (days);
R?, correlation coefficient.

In theory, if COD concentration was bigger, COD
removal would be higher, but this theory did not apply
for relationship of R10, R11 and RI12. Organic
compound of RI10 and RI1 was too high so
microorganisms have difficulty in degrading organic
compound into biogas. Besides that, too much organic
materials of vinasse in the digester caused pH to drop
easily (Figure 3(b)). The very low pH not only inhibited
the activity of methane-forming bacteria, but also
activity of acid-forming bacteria themselves; so COD
removal of R10 and R11 was less than R12 although
their organic compound was bigger. The bigger COD
value indicated the bigger solid concentration of the
substrate. Variables R10 and R11 had total solid in the
substrate, which were 27.910+0.141 and 14.005+0.021
% respectively (Table 3). Total solids level more than
10% caused an overloading of the fermenter [2, 27].

3. 4. Kinetic Model of Biogas Production Biogas
production rate for all variables was modeled based on
modified Gompertz equation. Kinetic constant of A, U
and A was determined by using non-linear regression.
Kinetic constants obtained were presented completely in
Table 4. By plotting experimental data and simulation
of modified Gompertz equation the graph shown in
Figure 5 was obtained.

Table 4 shows the difference in the vinase:water
ratio affected value of kinetic constant. Variable R10
had the lowest values of A and U which were 4.066
mL/g COD and 0.592 mL/g COD.day respectively. That
means variable R10 in prediction generated little
amount of biogas. Meanwhile, variable R13 had the
highest values of A and U which were 37.485 mL/g
COD and 6.665 mL/g COD.day. Variable R13 not only
had high value of A and U, but also had low value of A.
Budiyono et al. stated that variable that had little value
of kinetic constant of A, needed just little time to
produce biogas [3]. Zwietering et al. reported that value
of A indicated the time that was required for bacteria to
adapt [19]. Based on that, bacteria in variable R13
needed just little time to adapt and produce biogas
which was 0.959 days.

Value of kinetic constants from this research and
other researches is shown in Table 5. Kinetic constant of
A of this research was smaller than that of others. Biogas
was generated after 0.959 days of fermentation, while in
others, that needed between 1.2 to 8.5 days. Vinasse
contained a lot of simple organic material such as acetic
acid, lactic acid and glycerol [30], so that bacteria could
easily degrade them into biogas. Budiyono et al.
reported that the production of biogas using animal
manure as feedstock took a long time because it
contained lignocellulosic that was difficult to be
degraded [2]. Bacteria needed more time to adapt in
media of animal manure than in media of vinasse.
Bacterial activity in animal manure [3, 21, 24, 25]
required more time than in vinasse to produce biogas
firstly (Table 5). Kinetic constant of A of this research
was smaller than that of others. Animal manure did not
contain toxic organic compound such as phenolic
compounds that disturbed bacterial activity. Meanwhile,
vinasse contained high phenolic compounds [11, 33].
Phenolic compounds were very difficult to be degraded
through biological processes and had phytotoxic that
was antimicrobial property. Phenolic compounds
inhibited and killed bacteria by ways of: a) reacted with
cell membrane, b) inactivated essential enzymes, c)
inactivated the function of genetic materials [34]. Based
on that, could be concluded that the phenolic
compounds caused the biogas formed potentially in
little amount.

According to Garcia-Garcia et al. [11], aerobic
biological  pretreatment wusing fungal  species
(Aspergillus terreus and Geotrichum condidun) could
reduce phenolic contents in vinasse.
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TABLE 5. Comparison kinetic constant in several researches

Feedstock A (mL/g VS) U (mL/g VS.day) A (days) R? Author
Vinasse (conv) 39.406 7.007 0.959 0.999 This research
Cattle manure 418.260 9.490 4.460 - [3]
Municipal solid waste 522 97 1.2 0.983 [21]
Water Hyacinth 449.4 27.9 6.625 0.981 [24]
Poultry Litter 390.4 16.5 8.749 0.999 [25]

Remarks: conv, conversion based on Table 1. (COD/VS = 299,250/284,659 = 1.051; so COD = 1.051*VS)
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Figure 5. Comparison of experimental data and modified
Gompertz model

4. CONCLUTION

Vinasse treatment using anaerobic digestion converted
organic compounds into biogas. Vinasse:water ratio of
1:3 (TS 7.015+0.007%) produced the most biogas and
had the fastest biogas production rate than others. The
percentage of COD removal with vinasse:water ratio of
1:2 was higher than ratio of 1:3. This phenomenon was
caused by the desired concentration of organic
compound and activity of microorganisms in the
digester. Kinetic model of biogas production was
obtained by using modified Gompertz equation.
Vinasse:water ratio of 1:3 that was the best ratio had
desired kinetic constants i.e. biogas production potential
(A), maximum biogas production rate (U) and minimum
time to produce biogas (A) were 37.485 mL/g COD,

6.665 mL/g COD.day, 0.959 days respectively. The
value of A, A and U in this research was lower than
other researches. That was caused by difference in
organic matter used as feedstock. Characteristic of
vinasse was different from animal manure.
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