i@ Journal of Ecological Engineering

Received: 2021.01.26
Accepted: 2021.02.24
Published: 2021.03.27

Journal of Ecological Engineering 2021, 22(4), 314-324
https://doi.org/10.12911/22998993/134036
ISSN 2299-8993, License CC-BY 4.0

Full-Scale Application of Up-flow High Rate Anaerobic Reactor
with Substrate Modification and Effluent Recirculation for
Sugarcane Vinasse Degradation and Biogas Generation

Nani Harihastuti', Rustiana Yuliasni", Silvy Djayanti', Novarina Irnaning Handayani’,
Rame Rame’', Adi Prasetio’, Abudukeremu Kadier?

! Centre of Industrial Pollution Prevention Technology, JI.Ki Mangunsarkoro No. 6, Semarang, Central Java,
Indonesia

2 Laboratory of Environmental Science and Technology, The Xinjiang Technical Institute of Physics and
Chemistry, Key Laboratory of Functional Materials and Devices for Special Environment, Chinese Academy of
Science, Urumgqi, 830011, China

* Corresponding author’s email: rustianay@kemenperin.go.id

ABSTRACT

This study was aimed at studying the potential of biogas (methane) production from vinasse wastewater in real
full-scale application using a two-stage sequencing Up-flow High Rate Anaerobic Reactor (UHRAR), with effluent
recirculation and substrate modification. A batch experiment was initially conducted prior to the full-scale appli-
cation experiment. The batch experiment was done with experimental condition variable: undiluted sample (pH
6) and diluted samples (pH: 5; 6 and 7), while pH and methane production were observed for 50 days. Full-scale
application was carried out in two-stage UHRAR reactors with volume 60 m?, HRT 40 d and OLR 60.1-104 kg
COD/m?*-d. The observation lasted for 32 d. The result from the batch experiment showed that the diluted samples
achieved higher COD degradation and methane generation than the undiluted sample. The optimum condition
occurred at pH 7, with theoretical methane yield of 7.5-10.64 L CH, per kg COD. In turn, in full scale applica-
tion, at day 32, COD removal was 71% (69.1 kg COD/d removed), with methane production was 36.72 m* CH,/d.
Methane production per COD removed was 0.53 m* CH,/kg COD-d. Substrate modification and effluent recircula-
tion could improve the substrate biodegradability, maintain microbial diversity and enrich nutrients in the reactor.
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INTRODUCTION

The Indonesian sugar and ethanol industries
have developed rapidly in recent years. Indonesia
Biofuel Association indicated that ethanol pro-
duction could reach 180 million liters per year,
with average domestic consumption of 100 mil-
lion L per year. Sugarcane has high potential
energy, 40% transformed into alcohol, and 31%
remain in the by-products as bagasse (26%) and
vinasse (5%) (Del Nery et al., 2018). Vinasse is
the by-product of the alcohol distillation process.
The production of vinasse in a traditional alco-
hol factory is around 8-20 L per Liter of etha-
nol produced (Cabrera-Diaz et al., 2017; Joppert
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et al., 2017). Vinasse is characterized by a high
concentration of organic matter (10-65 g BOD/1),
nutrient salts (potassium (K) and sulfate), low
pH (3.5-5.0), high temperature (80-90°C), and
permanent dark color (brown to black) (Cabrera-
Diaz et al., 2017; Joppert et al., 2017; Marafon et
al., 2020). The water and soil pollution resulting
from sugarcane vinasse wastewater disposal is a
challenging issue that comes from the biofuel eth-
anol industries (Harihastuti and Marlena, 2018).
Due to its high organic concentration and
flowrate, sugarcane vinasse cannot be effectively
treated by using conventional methods. A full-
scale application that involves integrating several
technologies should be applied to remove organic
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pollutants to the level that will comply with the
effluent stream standard. Integration technology
for treating vinasse wastewater should be start-
ed by converting organics into biogas to reduce
the organic concentration and utilize the biogas
(methane) for energy (Parsaee et al., 2019). Bio-
gas production from vinasse has been studied ex-
tensively from laboratory scale to a full-scale ap-
plication with mixed results (Christofoletti et al.,
2013; Moraes et al., 2015; Reis and Hu, 2017).
Harihastuti et al. (2020a) scanned the potential of
vinasse methane production on a laboratory scale
and found that 51.7% of COD could be reduced
and converted into methane during 42 days reten-
tion time. The methane production was 0.058 L,
converted from 180.95 g COD degradation. The
methane production in the study was low because
the pH in the reactor was also low (pH was 5.1—
5.7), not optimum for the methanogenic activity.
Low pH also encourages the Sulfur Reducing
Bacteria (SRB) to grow and compete with metha-
nogenic bacteria for carbon sources, thus hinder-
ing the methane generation. Carbon dioxide gas
was also abundantly detected in the reactor head-
space (> 50%).

In an anaerobic system, the methane pro-
duction rate is aligned with the substrate biode-
gradability potential. For a substrate with low
biodegradability, such as vinasse wastewater,
substrate pretreatment/modification is crucial
to improve the potential of methane production
(Mahajan et al., 2020). Substrate modification
is performed via pH adjustment and alkalin-
ity enhancement. In turn, pH was adjusted to
6.5 to 7.0 by adding some alkalinity (lime/cal-
cium carbonate/CaCO,) to ensure the growth
of methanogenic bacteria (Hwang et al., 2004).
The dilution of the substrate should also be con-
ducted to reduce the suspension and solid and to
improve the solubility/accessibility of substrate
to microorganisms, thus enhancing biodegrad-
ability (Li et al., 2007). Effluent recirculation to
dilute the substrate/influent is also significant
to reduce the utilization of freshwater. Effluent
recirculation is also beneficial to ensure the re-
turn of acidogenic bacteria into the anaerobic
reactor, and improve the acidogenesis process
vital for the formation of Volatile Fatty Acid
(acetate, propionate, and butyrate). The build-
ing of VFA, specifically acetate, would allow
the growth of methanogens. Beside substrate
modification, anaerobic reactor modification is
also used to enhance the methane production.

Up-flow Anaerobic Filter reactors have proven
robust to treat some wastewater sources and re-
quired shorter retention time (Drtil et al., 2002;
Yuliasni et al., 2017).

There were not many studies about the bio-
gas potential from vinasse, particularly about the
full-scale application. Souza et al. (2018) studied
the performance of full-scale UASB for treating
vinasse wastewater with Organic Loading rate
(OLR) of 25-30 kg COD/m*.d, with volume 75
m? and HRT 10 h. It could remove 72% COD with
methane generation of 10 Nm gas/m’.d. However,
this study and many others were operated in low
to medium OLR (Fuess et al., 2017a). In reality,
the vinasse wastewater could have a very high
organic loading rate, between 80-150 kg COD/
m?.d, which makes it very difficult to treat.

Therefore, the aim of this study was to test
the potential of biogas (methane) production from
vinasse wastewater in a real full-scale application
using a two-stage sequencing Up-flow High Rate
Anaerobic Reactor (UHRAR), combined with ef-
fluent recirculation and substrate modification.
The initial substrate/influent will be modified by
adding lime to enhance the alkalinity and dilute
the influent with water to improve dissolved or-
ganic matters that are more accessible to micro-
organisms. Effluent recirculation was applied to
enhance the acidogenesis process and supply the
system with more nutrients. This study explored
the degree of organic degradation, the amount of
biogas produced (the quantity and quality), the
optimum retention time achieved, and the quality
of vinasse effluent after treatment.

MATERIAL AND METHODS

Experimental set up

The experiment was divided into 2 phases.
The first phase was a batch experiment con-
ducted in the laboratory. The batch experiment
aimed to study the optimum pH for methane gen-
eration. The batch experiment was similar to the
Biochemical Methane Potential (BMP) test. The
second phase was a full-scale continuous running
application.

Batch experiment

Three anaerobic bottles, with volume 1 L,
were used. To every bottle, 300 ml mix cultures
sludge and 700 ml vinasse wastewater were
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added. Besides, nutrients in the form of urea and
phosphorous were added with the ratio BOD: N:
P = 100: 2.5: 0.5. Three samples were diluted
with water, with ratio water: vinasse = 4:1, and
the pH was adjusted to 5, 6 and 7 (the samples
were identified as pH 5, pH 6, and pH 7). One
sample was undiluted but pH was adjusted to 6.
Lime was used to adjust the pH. The experiment
lasted for 50 days.

Full-scale continuous running experiment

Full-scale application was taken place in the
traditional ethanol industry in Polokerto, Suko-
harjo Central Java. Seeding was conducted by
adding 20% of microbial seeds into the reactor,
about 6 m® in each dome. Microbial seeds were
sludge derived from anaerobic digester, taken
from a WWTP of the ethanol industry. Macro-
nutrients were added with the ratio BOD: N:
P =100: 2.5: 0.5. After seeding, both UHRAR

dome 1 and 2 (figure 1, C1 and C2) was filled
with a mixture of water and vinasse with the ra-
tio 4:1; pH was adjusted to 5-6 using lime until
both domes were full and ran to the overflow
chamber (Figure 1, Part D). The reactor was
left for another seven days. After seven days,
the reactor was operated with continuous run-
ning. In full-scale operation, vinasse wastewa-
ter with characteristic of Q = 1.5 m?/d, COD
60,990 — 104,000 mg/L and OLR = 60.1 — 104
kg COD/m3.d was pumped to the reactor every
day for the duration of 34 days.

The operational procedure for continue
running was: 1.5 m® raw vinasse wastewater
was filled in the mixing chamber (Figure 1A).
In the mixing chamber, pH was adjusted into
5—6 by adding a lime solution. The wastewater
was streamed into the feeding chamber (Fig-
ure 1B). From feeding chamber, the wastewa-
ter runs to UHRAR 1 and 2 (Figure 1, C1, and
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Legends:

A — mixing chamber (V =3 m3)

B — feeding chamber (V =3 m3)

C1 - UHRAR dome 1 (without filter) (V = 30 m?)
C2 — UHRAR dome 2 (with filters) (V = 30 m3)

D — overflow chamber

Figure 1. Design of two stages sequencing UHRAR
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Table 1. Characteristic of Vinasse wastewater influent

. Influent Concentration
Parameter Unit

Day 23 Day 25 Day 32
pH 5.7 6.2 34
COD mg/L 60,990 104,000 95,800
BOD, mg/L 3,553 32,990 33,299
TSS mg/L 3,080 5,612 5,756
TKN (Total Kjeidahl Nitrogen) mg/L 224 322 196
P. Total mg/l, 4.57 <0.001 < 0.001
MLVSS mg/L 3,990 9,300 7,300
MLSS mg/L 1,250 4,080 2,020
Sulphate (SO,?) mg/L <0.26 <0.6 <0.6
Sulfide (S°) maq/L 8.55 6.55 12.85
Total Alkalinity mg/L 9,150 12,685 10,150
Nitrate (NO,) mg/L <0.001 22.51 8.252
Nitrite (NO,) mg/L <0.001 < 0.001 < 0.001
Total Plate Count Coloni/mL 4.4x10°8 1.3x108 3.7x107
Temperature (°C) °C 371 65.0 52.0

C2). From UHRAR, wastewater overflowed to
the overflow chamber (D). On day 24 to 32,
25% of the effluent in the overflow chamber
was circulated back to the feeding chamber
(Figure 1, from D to B).

The vinasse influent wastewater characteris-
tic during full-scale application in the continu-
ous running was measured. The quality parame-
ters of vinasse wastewater influent are presented
in Table 1.

Method

The vinasse wastewater quality parameters
were analyzed by using the analytical method:
Total COD, BOD,, Total Suspended Solid, To-
tal Nitrogen Kjeidahl, MLVSS, MLSS, Nitrate,
Nitrite, Sulfate, sulfide and phosphate using
APHA AWWA 227 2012, temperature (SNI 06-
6989.23-2005) and pH (SNI 6989.11.2019). TPC
(Total Plate Count) were measured using SNI
3554:2015 point 3.28.1. VFA was measured us-
ing Gas Chromatography (Shimadzu, GC 2100
plus), column RTX-wax. Temperature SPL:250,
Column: 150, Detector FID: 250, RT 7.5 min, and
split ratio 43.2. Gases (methane, CO,, and CO)
were measured using Gas Chromatography (HP
5890 A), with Thermal Conductivity Detector
(TCD), diameter column: 183x0.32 cm. H,S gas
was measured using lon Science PhoCheck 1000
Portable Handheld PID VOC Gas Detector. Gas
Flowrate was measured using the Wet Gas Meter
(Shinagawa) SL/rev.

RESULTS AND DISCUSSION

Batch experiment

Batch experiment (BMP test) was carried
out under two conditions, namely: one sample
was undiluted and 3 samples were diluted. The
undiluted sample had pH adjusted to pH 6 by
adding lime. Three samples were diluted with
water, with ratio water: vinasse = 4:1, and pH
was adjusted from 3 to 5, 6 and 7. The result was
presented in Table 2.

Table 2 depicted the COD degradation pro-
file and pH variation from the undiluted and di-
luted samples. Figure 2 showed that on day 11,
at least 50% COD removal was achieved on the
diluted samples. In contrast, on the undiluted
sample, only 32% COD removal occurred. On
diluted samples, maximum COD removals were
68% (pH 7); 65.7% (pH 6) and 70.1% (pH 5) re-
spectively. In turn, on the undiluted sample, only
33.5% of COD removal was achieved. The dilut-
ed samples had higher organic removal efficiency
due to the increase of a dissolved organic fraction
of the samples. Dissolved organic matters was
more available to the microorganisms and easier
to be converted into smaller molecules (hydroly-
sis stage) that later could be converted into VFA
(acidogenesis), acetate (acetogenesis) and meth-
ane and carbon dioxide (methanogenesis), as final
products (Gharsallah, 1994; Park et al., 2018).

The pH and alkalinity have a signifi-
cant role in organic conversion into methane.
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Table 2. COD degradation profile versus pH

pH 6 (undiluted) pH 7 pH 6 pH 5

Day COD | Cumulative COD | Cumulative COD | Cumulative COD | Cumulative

pH (mg/L) | % removal pH (mg/L) | % removal pH (mg/L) | % removal pH (mg/L) | % removal
0 6 |168,516 0 7.0 | 34,421 0 6.0 | 38,499 0 5.0 | 43,356 0
11 | 6.4 | 113,844 324 6.0 | 17,556 49.0 6.1 | 19,026 50.6 5.8 | 19,799 54.3
18 | 6 |126,877 247 6.7 | 11,787 65.8 7 | 18,243 52.6 7.0 | 22,072 49.1
21 | 5.9 [ 117,868 30.1 6.9 | 10,961 68.2 6.9 | 13,213 65.7 7.1 | 17,042 60.7
22 | 5,9 | 117,231 30.4 7.0 | 16,328 52.6 7.0 | 19,564 49.2 7.1 | 20,993 51.6
25 | 5.9 | 113,469 327 7.0 | 14,673 57.4 7.1 16,328 57.6 7.2 | 18,510 57.3
27 | 5.8 | 112,026 33.5 7.1 12,480 63.7 7.2| 13,872 64.0 7,2 | 15,838 63.5
29 | 5.7 | 119,236 29.2 7.0 | 12,592 63.4 7.2 | 13,639 64.6 7.3 | 15,865 63.4
32 | 5.9 | 116,678 30.8 7.1 | 12,667 63.2 7.4 | 13,694 64.4 7.4 | 14,748 66.0
43 | 6 [122,494 27.3 7.3 | 12,748 63.0 7.6 | 13,925 63.8 7.6 | 14,748 66.0
50 | 5.9 | 124,260 26.3 7.5 | 12,960 62.3 7.6 | 13,920 63.8 7.7 | 12,960 70.1

Methanogenic bacteria have strict pH for opti-
mum growth, around 6.7-7.5 (Chen et al., 2008;
Jung et al., 2000; Lukitawesa et al., 2018), and
alkalinity has a role, as a pH buffer, to balance the
pH in the anaerobic in the acidogenesis and aceto-
genesis phase. Thus, the pH and alkalinity have to
be in sufficient concentration by adding limestone
(CaCO,) (Fuess et al., 2017a). Table 2 showed
that in the undiluted sample (pH 6 undiluted), the
pH was continually dropping from 6 into 5.9, an
indication of acidogenesis/acetogenesis phase. In
the diluted samples, the pH escalated into 7.4 (pH
optimum for methanogenic activity).

Figure 2 depicted the theoretical cumu-
lative methane yields from the undiluted and
diluted samples during 43 days observation.
Theoretically, methane generation is calculated
as 0.35-0.4 L CH, per kg COD removal (Djal-
ma Nunes Ferraz Junior et al., 2016; Hariha-
stuti et al., 2020b). Theoretical methane yield
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was calculated based on the amount of kg COD
removed from day 0 to day 43 multiplied by
0.35-0.4 L CH,. On the basis of that calcula-
tion, the theoretical methane yield in this study
was 7.51-10.64 L CH, per kg COD for diluted
vinasse wastewater with pH adjustment (OLR
= 38-40 kg COD/d, with COD degradation of
63—66% during 43 days). The maximum meth-
ane yield was 16.11 L CH, per kg COD (OLR =
168 kg COD/d, average COD degradation was
24-33%). Even though theoretically the undi-
luted sample has a higher methane yield than
the diluted sample, under real conditions, the
pH in the undiluted sample keeps dropping into
acidic condition. Acidic pH is unfavorable for
the methanogenic activity. The COD removal
in the undiluted sample has also remained low.
Those conditions are an indication of an unbal-
ance system that sooner could deteriorate the
reactor performance.
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Figure 2. Theoretical methane accumulation from the batch experiment
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Thus, based on the results of the batch experi-
ment, for full-scale application, vinasse influent
was diluted with water, pH adjusted to 5-6, and
effluent recirculated. Effluent recirculation was
done to return the hydrolysis-acidogenic bacteria
in the effluent back to the reactor, to enhance the
hydrolysis-acidification process. Microbial diver-
sity of mixed culture in anaerobic digester has to
be maintained in order to ensure hydrolysis, ac-
idogenesis, acetogenesis, and methanogenesis re-
actions happened (Ma et al., 2020). Recirculation
had also proven to give a stable performance and
higher methane yield (Lukitawesa et al., 2018).

Full-Scale Application

The full-scale application was carried out in a
two-stage Up-flow High Rate Anaerobic reactor
(UHRAR), with a volume of 60 m? and hydraulic
retention time of 40 days. The vinasse wastewa-
ter influent had COD of 60,990 — 104,000 mg/L
(with OLR = 60.1 — 104 kg COD/m3.d). The sam-
ples were taken periodically. Recirculation was
applied on day 25 to day 32. On day 23, 25, and
32, COD and VFA from influent and effluent were
measured and data was shown in Figures 3 and
4. Figure 3 showed the COD degradation profile
of influent and effluent on day 23, 25, and 32. On
day 23, the COD removal was only 52%, then in-
creased to 81% on day 25. On day 32, the COD
removal slightly decreased to 72%.

Figure 4 illustrated the VFA formation on day
23, 25 and 32. On day 23, butyrate was abundant
in the influent with a concentration of 7385 mg/L,
while the concentration of acetate and propionate
were low. The VFA formation was altered on day
25 and 32. On day 25 and 32, the acetate con-
centration increased to 6459 mg/L and 4974 mg/L
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100 000
80 000 52

60 000

COD (mg/L)

40000

20 000

0

day 23
MO\ COD Influent

day 25
EEHH COD Effluent
Figure 3. COD degradation in a full-scale application

respectively, while the butyrate and propionate
concentrations were low. Associating between
figure 3 and figure 4, it could be concluded that
the COD degradation performance was in line
with the degree of acetate formation, and also
the higher concentration of organic matter that
converted into acetate, the higher methane pro-
duction. The COD removal starts to increase and
reached 81% and 71% when acetates were at high
concentration, at 6.459 mg/L and 4974 mg/L on
day 23 and 32, respectively. Acetate was a favor-
able substrate for almost any type of microorgan-
isms, especially for methanogenic bacteria (Lalov
etal., 2001).

The higher concentration of butyrate at day
23 indicated that the system was still in the acido-
genesis stage. As described by Fuess et al. (2020),
vinasse could be converted into butyrate via ac-
idogenesis pathway in dark fermentation, if there
are abundant of acidogenesis microorganisms and
biohydrogen production in the reactor. The system
was shifted into acetate production when recircu-
lation was applied at days 25 and 32 (Figure 4, day
25, and 32). According to Degueurce et al. (2016),
the effluent recirculation in anaerobic digester
promotes the modification of the biological com-
munity, enhanced nutrients availability, and im-
proves the pH buffering capacity, thus improving
and stabilizing the biogas production. As depicted
in Table 1, on day 23, the number of microorgan-
isms (expressed as MLVSS and total plate count/
TPC) was also lower than day 25 and day 32.

Recirculation also enhanced the level of
biodegradability in the anaerobic system (Lin
and Li, 2017)sequential batch SS-AD gradually
reached steady state by 3 runs (30 days/run. Day
23 has lower BOD/COD than day 25 and 32.
BOD/COD ratio at day 23 was 1: 17 whereas
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Figure 4 VFA formation on Day 23, 25 and 32

day 25 and 32 that have BOD/COD ratio = 1:3.
BOD/COD ratio was an indication of the level
of the sample biodegradability. The higher the
BOD/COD ratio, the higher the biodegradabil-
ity of the wastewater is. The addition of lime
(CaCO0,) was proven to be not significantly en-
hance the buffering capacity of the system, as
judging from the condition at day 23, even when
CaCO, was added, the anaerobic system was still
trapped in the acidogenesis stage. The anaerobic
condition was able to shift into the acetogenesis

320

stage when recirculation was applied at day 25
and 32. The reason is that lime was not prop-
erly dissolved in the wastewater and tends to
be settled in the bottom of the reactor. Further-
more, the addition of alkaline chemicals, such as
CaCO, or NaHCO,, only slightly increased the
pH; thus, it should be added in high dosage and
tend to be costly for full-scale application (Fuess
et al., 2017a). The better alternative is to use low
dosages of chemicals coupled with the recircula-
tion of the effluent (Fuess et al., 2017a).
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The maximum COD degradation of 81% in
this study was relatively higher when compared
to a study conducted by Souza et al. (1992) us-
ing the UASB reactor. The COD removal was
71%, with lower OLR (25-30 kg COD/m>.d) but
faster HRT (10 h). However, using the UASB
reactor was more complicated than using the
UHRAR reactor, due to the long startup for
granule formation and the need to be continu-
ously fed. For full scale/ real application, UASB
needs a very high skilled operator to keep the
reactor performance stability. When compared
to a study carried out by Fuess et al. (2017b),
using a similar two-phase fixed-bed anaerobic
reactor, this study was higher, with higher meth-
ane production.

Concentration analysis of the vinasse effluent

Table 3 presents the effluent concentrations
that were taken during 32 days of observation,
on day 23, day 25, and day 32. Overall, the pol-
lutant concentrations were still high and needed
further advance treatment technology to fulfill ef-
fluent stream standard regulation (Moraes et al.,
2015). It also showed that the nutrient concen-
trations, TKN, and P, were also still very high.
Due to still high content of nutrients (even after
effluent recirculation), a suitable way to recover
the nutrients is by converting it into organic fer-
tilizer/compost (Madejon et al., 2001; Science,
2007). Hydrogen sulfide (H,S) was also found
in high concentration due to the fact that in the
molasses fermentation process, sulfuric acid was
added to inhibit the growth of undesirable (non-
ethanol producing) bacteria that will outcompete
the performance of ethanol fermenters (Fuess and
Garcia, 2015). A high concentration of H,S is an
indication of lower methane production. In mi-
crobial mix cultures, Sulfate Reducing Bacteria
(SRB) contributes to 80-85% of the total micro-
organism population. With abundant amount of
SO,* as an electron acceptor and acetate as an
electron donor, SRB would definitely outcompete
the methane-producing bacteria (MPB) by con-
suming acetate to convert into SO,> and H,S (Dar
et al., 2008), as both SRB and MPB utilize the
same substrates. The analysis using H,S gas de-
tection also confirmed that all the biogas samples
have very high H.S concentration (> 150 mg/L).
However, the H,S concentration seems not to be
high enough to inhibit the methanogenic activ-
ity. According to Yuan, et al., 2020 (Yuan et al.,

2020), methanogenesis could be inhibited by high
sulfide concentration at COD/SO,* < 10, or H,S
could not be higher than 200 mg/L.

Biogas formation in Dome 1, Dome 2,
and Dome (1 + 2)

The reactor was connected to the gas pipe
to transfer the gas for further utilization. The
gas production was measured by taking samples
individually via dome 1 and dome 2, and also
taking samples collectively via both dome one
plus dome 2. The biogas production is present-
ed in Table 4. Table 4 showed that the methane
production increased along with time, reached
maximum on day 25, and drop slightly on day
32. The methane production profile depicted in
table 4 was in line with the COD removal pro-
file presented in figure 4. The highest methane
production occurred on day 25, with methane
detected at dome 1 was 40.22% and for dome
2 was 43.49%. In turn, the total methane pro-
duction from Dome 1 and Dome 2 could not
be measured due to the high gas pressure in the
sample due to the broken sample bottle. Higher
gas pressure was suspected to be an indication
of higher methane content as well (confirmed by
measurement of Qgas = 52 L/min). Neverthe-
less, analyzing methane production along with
time, depicted in from table 4, methane produc-
tion could be as high as 51%. This value was
slightly lower than result in BMP/ batch experi-
ment (Table 2), which could achieve a maximum
of 63—-66% methane production.

The COD and methane data measured on day
32 were used to measure the methane production
(m* CH,/kg COD.d), based on Figure 3, Table 4
and measurement of Qgas = 50 L/min). On day
32, the COD removal was 69.1 kg COD/d, where-
as the methane production was 36.72 m* CH,/d.
Thus, the methane production per COD removed
was 0.53 m* CH,/kg COD.d. The methane pro-
duction in this study was 1.5 times higher than
the study conducted by Fuess et al., 2017 (Fuess
etal., 2017b). In Fuess et al., 2017, using thermo-
philic two phases anaerobic digestion with OLR
of 25 kg COD/m®.d, the maximum COD removal
was up to 73.9%, with methane production was
0.301 m* CH,/kg COD removed. This study used
Up-flow High Rate Anaerobic Reactor (UHRAR)
with OLR 95 kg COD/m?.d, COD removal was
up to 71%, with methane production reaching
0.53 m* CH,/kg COD.d.

321



Journal of Ecological Engineering 2021, 22(4), 314-324

Table 4. CH,, CO,, and CO formation during 32 days observation

Days Dome 1 Dome 2 Dome 1 +2
elapsed| CH4 Co, co CH, Cco, co CH, Co, co
(%) (%) (ppm) (%) (%) (ppm) (%) (%) (ppm)
0 8.750 38.932 trace megsoljred meggjred me;]:lired me;]:ljred me:gired me;:;ired
10 22.84 7.59 trace 23.07 12.06 212 30.00 12.4 88
11 57.21 8.93 124 48.23 10.83 79 51.58 10.7 >1000
12 38.26 5.51 46.2 24.51 6.39 124 37.89 6.78 84
23 42.38 2.37 >1000 4.420 1.49 >1000 42.95 23.14 >1000
25 40.22 22.95 175 43.49 26.03 9 *) *) 7.63
32 19.45 9.29 276 30.50 10.36 18 51.36 14.2 7.60
Table 4 also shows the formation of CO REFERENCES

(Carbon Monoxides) as one of common trace
components in the anaerobic system. As ex-
plained by Hickey and Switzenbaum (1990),
CO was formed as acetate-catabolizing reac-
tions of acetoclastic methanogens, when there
are high concentrations of acetate, methane,
and hydrogen in the system. The high concen-
tration of H,S gas was also detected due to the
high concentration of sulfide (S°) in the influ-
ent, coupled with the abundance of SRB, which
consumes the same substrate as methanogen,
leading to the formation of H,S.

CONCLUSIONS

Substrate modification and effluent recircu-
lation has been shown to increase the organic
degradation and methane generation of vinasse
wastewater with high OLR. Substrate modifica-
tion by adding CaCO, was able to enhance alka-
linity, and thus stabilize the pH. In turn, effluent
recirculation was proven to increase substrate
biodegradability by enhancing the solid organic
matter solubility. On the basis of this result, full-
scale application with high OLR, using UHRAR
combined with substrate modification and efflu-
ent recirculation, is a promising technology for
biogas generation from vinasse wastewater.
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