¢! Desalination and Water Treatment
www.deswater.com

O doi: 10.5004/dwt.2017.20144

62 (2017) 80-85
February

Electrolysis enhanced anaerobic baffled reactor as retrofitting approach
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ABSTRACT

This study evaluates the performance of electrolysis enhanced anaerobic baffled reactor (EABR),
as an approach for retrofitting anaerobic unit treating molasses based distillery wastewater. For
this purpose, a pilot with six chambers having total volume of 140 L was operated for more than 6
months inoculated with high-strength influent. Regarding the experimental results, the conventional
anaerobic baffled reactor (ABR) could efficiently remove soluble chemical oxidation demand (COD)
and volatile fatty acids (VFAs) to 90% and 92%, respectively. Here, the biogas productivity reached
0.96 LL'd™" in which methane constituted 70% and yielded 0.55 m*kg COD. However, this system
showed instability and vulnerability in lower hydraulic retention time (HRT) below 3 d as a matter of
pH reduction. The overall COD removal, biogas productivity and its methane content were limited to
40%, 0.25 LL'd™" and 45%, respectively. Therefore, the electrolysis cell was introduced in first cham-
ber for retrofitting ABR. The EABR showed significant outcome in low HRT. This innovation could
disintegrate the substrate and prevent pH from decline. Both could restore COD removal efficiency
and biogas production to more than 70% and 0.6 LL™'d™", respectively, in HRT of 1.5 d. Nevertheless,
methane yield could not exceed 0.17 m*/kg COD. Consequently, EABR was verified as an efficient
approach and recovery strategy for controlling the adverse effects of low HRT, pH reduction or high
organic loads in operation.

Keywords: Anaerobic baffled reactor (ABR); Distillery wastewater treatment; Electrolysis; Hydraulic
retention time (HRT); Methane

1. Introduction

Conventional anaerobic baffled reactor (ABR) is identi-
fied as a promising solution for different wastewater treat-
ment. This is a hydraulically based system that enforces
the substrate to be in direct contact with the biomass via
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its compartmentalized configuration [1]. This formation
provides an advantage for ABR. The microbial groups can
partially be separated longitudinally down the reactor and
make the operation more stable in regard [2]. In a review on
recent developments, researchers have emphasized on this
advantage and introduced ABR as an efficient approach
for treating different substrates [3]. For example, in low-
strength municipal wastewater, ABR showed high effi-
ciency in practice as stand-alone [4,5] or preliminary unit
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[6]. In the latter, it has the potential of being followed by
stabilization ponds [7], subsurface horizontal and vertical
constructed wetlands [8], bio-rack wetlands [9], duckweed
ponds [10], activated sludge [11] or membrane systems [12].
For industrial purposes, ABR is almost successfully passed
the experimental studies. It is introduced as efficient
system on treating the alcohol-containing desizing waste-
water of textile industries [13], heavy oil and salty waste-
water [14], swine wastewater [15], acidic zinc-containing
wastewater [16], soybean protein processing wastewater
[17], dilute aircraft de-icing fluid [18] and printing and
dyeing wastewater [19]. This system is recently examined
effectively for pulp and paper wastewater treatment in
which the biodegradability of substrate is low and has con-
siderable influence on anaerobic digestion [20]. Likewise,
treating baker’s yeast wastewater is also investigated as
high-strength substrate in different hydraulic retention
time (HRT) [21]. Its application is also recommended for
decentralized wastewater treatment systems followed by
membrane bioreactor (MBR) as energy-saving units for
high-rise buildings [22].

In spite of ABR advantages in equalization of substrate
through its compartmentalized configuration, reviews
have explored that HRT and organic loads have extensive
effects on its operation [23]. This is due to the fact that the
performance of this system is reliant on solids hydrolysis
in the first step [24]. It is observed and also simulated that
the significant amounts of organics are removed in initial
chambers where HRT can limit this performance [25,26].
Consequently, some literatures have focused on upgrading
this system to retrofit ABR in low HRT [27]. Among these
methods, using electrochemical application is recently con-
sidered for upgrading the anaerobic digestion. For instance,
posttreatment unit based on electrocoagulation process is
recommended for leachate treatment by hybrid ABR. This
is expected to increase the efficiency of organics removal
and biogas formation [28]. Likewise, the bio-electrochemical
system is combined with ABR to develop the overall per-
formance for organic removal. It is reported that this sys-
tem may exceed 95% in chemical oxidation demand (COD)
reduction. However, it is vulnerable to HRT or alkalinity
variations [29]. The electrolytic cell is also used in anaerobic
system to enhance the acidogenesis at short HRT below 3 h
and prevent pH decline [30]. Before that, this technique is
first patented in Iran and introduced for operation control
of ABR treating dairy wastewater. Here, in laboratory scale,
it is claimed that this can retrofit ABR against pH reduc-
tion in initial chambers. This is related to the formation of
pH gradient inside the cell between cathode and anode
that leads hydrogen out and reduces the partial pressure
in regard [31]. This is consequently termed as electrolysis
enhanced ABR (EABR) as previously used for similar sys-
tems before [32]. Yet, its performance and effects on organic
removal is completely unknown for researchers particularly
in high-strength wastewater treatment. Therefore, this paper
intends to examine the performance of EABR treating high-
strength wastewater of molasses based distillery effluent.
Here, this approach is compared with the conventional con-
figuration in pilot scale in high organic loads in which the
COD removal efficiency, volatile fatty acid (VFA) digestion,
methane formation and pH values are testified.

2. Materials and methods
2.1. Pilot setup

In order to carry out the experimental study, similar to
the recent studies [33], a bench-scale ABR is setup and oper-
ated continuously for 156 d in the controlled temperature
of 35°C using hot water bath as standard practices [34]. The
main reactor is made of Plexiglas having 108 cm length, 26 cm
width, 50 cm height and 10 mm thickness with total volume
of 140 L. This system has equally six chambers constructed as
standard practices [31]. The compartments are divided by ver-
tical baffles having upflow-to-downflow parts by a ratio of 3:1
as recommended in literature [35]. The sampling and sludge
discharge valves are, respectively, located on the side (with
30 cm distance from the bottom) and beneath. The biogas
emitted from the whole system is directly discharged through
the exhaust valves located on the top. Here, in order to test
the electrolysis application, the first chamber is equipped
with two electrodes. Anode is made of titanium coated with a
mixed metal oxide of ruthenium and iridium while the cath-
ode is a stainless steel electrode attached to a direct current
electric source having 12 V and 2,000 mA as standard practices
[36]. It should be noted that the electrolytic cell gets in line for
a month intermittently with 2 h interval as recommended in
previous studies [37]. Here, the electrodes have approximately
10 cm gap located in upflow part in which 5 cm is left over the
surface and the remaining 30 cm is drowned. The electrolyte
between the two electrodes is obviously the mixed emulsion
of sludge and raw wastewater from the start-up period. The
sludge is initially settled at the bottom of chambers while the
upflow stream of wastewater rises the sludge up. This causes
the emulsion within the two electrodes. The schematic design
of EABR is shown in Fig. 1 [31].

2.2. Pilot start-up

The start-up was initiated with the batch mode by seeding
the mixture of cow dung and sewage sludge at the ratio of
1:2 (50% v/V) in each compartment. The total volume of the
seeded sludge was 85 L that was obtained from Isfahan waste-
water treatment plant. This initially contained 3.4 gr/L total
suspended solids and had theoretically 45 d retention time.
The content of the reactor was recycled for homogeneity in the
same period as per standard practices [9]. Afterward, the pilot
has been continuously fed by peristaltic pumps from the real
substrate (with soluble COD more than 8 g/L) from the equal-
ization tank of the wastewater treatment plant of Alavijeh
alcohol production industry. Here, the domestic wastewater
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Fig. 1. EABR pilot configuration used in this study.
Note: A — peristaltic pump; B — control valve, C — electric source,
D — electrode bars, E — gas exhaust valve, and F — sampling valve.
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is mixed in preliminary units, and high dosages of carbonate
calcium are added for alkalinity control [28,34]. The overall
characteristics of influent are demonstrated in Table 1.

Since the influent COD is high, the organic loading rate
(OLR) was controlled in start-up by increasing the HRT. OLR
was maintained about 1.11 kg COD/m®d for 3 months, and
this reactor was operated at overall HRT of 8.3 d as an accli-
matization period [33]. The start-up has been continued till
the COD removal reached a constant level while the ratio of
the VFAs to alkalinity in effluent decreased below 0.4 and
became steady. By decreasing HRT to 2.4 d, OLR was grad-
ually increased to 5 kg COD/m?d. In this regard, the nomi-
nal sludge residence time (SRT) varied between 36 and 22 d.
This was carried out to find the effect of HRT on the per-
formance of ABR for COD removal and methane formation
(S1). In the second step (S2), the electrolysis cell was turned
on intermittently with 2 h interval for 1 month in which the
reactor has been operated at previous conditions. Here, OLR
was increased gradually with equal time steps from 4 to
10 kg COD/m?d. This has made HRT between 2.4 and 1 d.

2.3. Sampling and tests

The whole samplings were performed weekly to analyze
the soluble COD and pH in reactors through all compart-
ments and the influent of the systems. The former is tested
via titration method per standard method [38] while the lat-
ter is tested by multi-parameter device. The concentrations of
VFAs are also tested weekly from the influent (first chamber)
and effluent by gas chromatography (GC-Mass) in which the
total values of acetic and propionic acids are reported [26].
The gas composition was also analyzed to find the percent-
age of CH, and CO, measured by GC using thermal conduc-
tivity detection (GC-TCD) as described in previous literature
[31]. The samplings were repeated three times in each period.
Thus, the weekly values of parameters are the average of
these samples taken in a day. Here, it has been discussed that
the overall efficiency is reliant on both internal indicators,
such as pH and VFA removal, and external parameters like
methane ratio of biogas and COD removal.

Table 1

Characteristics of influent and seeding sludge
Parameter Value
Soluble COD, mg/L 9,693 +1,717
Total COD, mg/L 10,770 + 1,910
Soluble BOD, mg/L 2,941 + 999
Ammonia, mg/L 203 + 69
Phosphate, mg/L 16+5
C/N/P ratio 184/13/1
VFAs, mg/L 760 + 343
pH 748+1.1
TDS, mg/L 7,013 + 1,877
TSS, mg/L 790 + 530
MLSS, mg/L 12,340 = 1,132
Alkalinity, mg CaCO,/L 1,765 + 247
Temperature, °C 352+33

3. Results and discussion

Regarding the experimental results, it can be realized that
ABR is an efficient system for treating molasses based distill-
ery wastewater in high HRT. As shown in Fig. 1, it takes 45 d
for start-up in which the soluble COD removal is stabilized
on 90% similar to the result observed in hybrid ABR treating
winery wastewater [39]. Here, in OLR of 1.1 kg COD/m?d,
the overall VFA digestion is also increased to more than 90%
and became steady as observed previously for decentralized
molasses wastewater treatment [40]. However, this efficiency
is influenced by decreasing HRT. For instance, in average
retention times of 5.6, 3.8 and 2.4 d, the SCOD removal effi-
ciency decreases to 80%, 74% and 70%, respectively. It shows
that in lower HRT, ABR can also be effective and reliable for
primary treatment of molasses based distillery wastewater.
Nonetheless, this system may not present suitable perfor-
mance in HRT below 60 h. The experimental results have
revealed that in these conditions, the organic removal effi-
ciency can hardly exceed 40%. This may be due to the fact
that in lower HRT, OLR increases. Here, high loads of bio-
degradable molasses would change the balance of anaerobic
process to more acidogenesis and pH decline. In addition,
the contact time for solid hydrolysis, degrading polysaccha-
rides and VFAs digestion may not satisfy the required values
[30]. Consequently, the process stops working unless some
modifications are introduced. Here, EABR is proposed, as an
innovative retrofitting approach, to increase the efficiency of
system for organic removal in low HRT.

As illustrated in Fig. 2, using EABR intermittently may
significantly increase the performance of reactor. The effi-
ciency of EABR for SCOD removal in HRT of 2.4-1.5 d ranges
from 83% to 67%. Comparing with the conventional system,
it can be concluded that EABR can double COD removal in
high OLRs. However, reducing HRT may still have influ-
ence on VFAs accumulation and consequently degrading
the overall efficiency to less than 55% in 24 h retention time.
Yet, the vulnerability of system against the hydraulic shock
loads would be definitely reduced in comparison with con-
ventional system as a matter of influent equalization by the
electrolysis cell [31]. This verifies that EABR can increase the
potential of organic removal and develop its reliability and
stability for operation in low HRT.

In order to evaluate the performance of EABR in more
detail, the SCOD removal within the compartments of reactor
is shown in Fig. 3. Here, by reducing HRT from 8.3 d (S1-8.3)
to 2.4 d (51-2.4) in conventional ABR (first scenario), the overall

100 . 12

o

% & lwﬁmﬁ%ﬁo S

(SO LS 10
80 e® <
.

_ 70 < e ¥y
S <o 1
S w0 ° 5
] W 8
g 50 o S
H A ®  %scoD Z

40 < & %VFA & ¢

30 | <o —&  OLR (kgCOD/m3.d) H &

H

0 ® Start-up

0 20 40 60 80 100 120 140 160 180
Time (days)

Fig. 2. Timeline of SCOD and VFA removal efficiency of ABR and
EABR operated in different OLRs.



M.].N. Varandi et al. / Desalination and Water Treatment 62 (2017) 80-85 83

100
a0 A
20
0
a0 -
a0 A
40 A
30 A
20
1 A

SCOD removal (%9)

Compariment Numhber

Fig. 3. SCOD removal in different scenarios throughout the reactor.
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Fig. 4. pH values in different tests throughout the system.

organic removal efficiency is decreased throughout the system.
This verifies that significant amounts of organic removal occur
in the initial chambers. The subsequent compartments use the
configuration of reactor to restore the efficiency back. Thus, it
can be stated that in spite of the compartmentalized configu-
ration of ABR for stabilizing the influent, the adverse effect of
HRT reduction can be extended to the subsequent chambers.
This trend is similarly observed in recent researches for munici-
pal [26], and decentralized molasses wastewater treatment [40].
Nevertheless, using EABR in different HRT (52-2.4, S2-1.5 and
52-1.1) can significantly increase the rate of SCOD removal in
the second to the fourth chambers. As demonstrated in Fig. 3,
this can be introduced as a recovery strategy for turning the
reactor back for high performance. For instance, the overall
organic removal efficiency of EABR with 2.4 and 1.5 d is rather
equal to the ABR with 5.6 and 3.8 d retention time, respectively.
These are, respectively, 77% and 71%. It may be due to the fact
that in the first chamber, the electrolysis cell can disintegrate
compounds into degradable materials with higher rates. This
can expedite the hydrolysis step in regard. It can also simulta-
neously increase the pH level more rapidly in comparison with
the conventional system (Fig. 4) and provide an opportunity
for methanogenesis in further compartments [30]. It points to
the fact that the process intervals between the hydrolysis, VFAs
production and their digestion by methane forming bacteria
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Fig. 5. Biogas production rates and their compositions in differ-
ent tests.

are shortened in comparison with the conventional system.
Here, lower HRT transfer the substrate more rapidly to the
next chambers. Meanwhile, the electrolysis compensates the
rate-limiting step of hydrolysis and simultaneously increases
the pH level for methane formation. This reaction is recently
termed as equalization step for methanogenesis in which the
partial pressure of hydrogen can also be decreased by electrol-
ysis [31]. As a result, this can swiftly retrofit the operation and
performance of ABR treating high-strength molasses based dis-
tillery wastewater and may develop methane formation even
in low HRT. In addition, it can be introduced as a recovery
strategy for anaerobic process when long-chain fatty acid accu-
mulates in initial chambers of ABR [41].

The analysis of biogas indicates that decreasing organic
removal as a matter of HRT reduction has direct effect on
biogas production (Fig. 5). The total values of biogas pro-
duced from the conventional ABR treating molasses based
distillery wastewater are reduced from 0.96 LLd" (51-8.3) to
0.25 LL'd (S1-2.4) in which the methane content is reduced
from 70% to 30%, respectively. Here, in the steady state, the
maximum methane yield per kg COD removal is calculated
about 0.55 m*/kg COD. This is similarly observed in previous
research [42,43]. Yet, using EABR could restore biogas pro-
duction in low HRT. In average, the total volumes of emitted
biogas are calculated between 0.69 LL'd™ (HRT of 1.5 d) and
0.52 LL*d! (HRT of 1.1 d). Here, the methane content ranges
between 45% and 58% while its yield reaches to the maxi-
mum value of 0.17 m3/kg COD. Lower yields of methane in
comparison with ABR may be due to fact that organics are
removed in EABR by different microbial groups while rapid
disintegration of initial substrate may dominate more carbon
dioxide in total biogas in regard. This can also be testified in
further research by recent developments in modeling biogas
production via fuzzy logic method [44].

Consequently, the biogas analysis confirms that using the
electrolysis cell at the first chamber can promote the whole
anaerobic process within the compartmentalized system of
ABR. This leads into fast pH recovery, more organic removal
efficiency and considerable biogas production. Consequently,
EABR s approved as a promising approach for retrofitting con-
ventional ABR treating high-strength wastewater. This inno-
vation could reduce the vulnerability of system in high OLRs,
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increase its operating reliability and equalize the pH for the sub-
sequent chambers. As a result, the COD removal efficiency and
methane production were recovered. However, further studies
are still required for its optimization with respect to the elec-
trical arrangements, hydraulic specifications, energy outcomes
and microbial analysis as discussed in similar studies [36].

4. Conclusion

This study is focused on performance evaluation of ABR
and its modification by electrolysis cell (EABR) treating molas-
ses based distillery wastewater. Here, it is revealed that the
conventional ABR is only efficient on SCOD removal, VFA
digestion and consequently methane production in HRT more
than 4 d. In lower HRT, an adjustment is introduced in which
the electrolysis cell is used in the first chamber. Regarding the
experimental and comparative results, it can be concluded
that using EABR may dramatically increase SCOD removal
and biogas production rate in low HRT. This can be due to
the electrolysis specifications on disintegrating compounds in
low HRT and its capability on pH control. Consequently, this
modification may extend the proper range of system operation
to HRT below 48 h. In addition, this approach may add one
step forward to find simple, practical and efficient approaches
for increasing the reliability of these systems in operation.
Moreover, it may present a perspective on stabilizing biogas
production in industrial wastewater treatment plants.

References

[1] Y. Sarathai, T. Koottatep, A. Morel, Hydraulic characteristics
of an anaerobic baffled reactor as onsite wastewater treatment
system, J. Environ. Sci., 22 (2010) 1319-1326.

[2] S. Nachaiyasit, D.C. Stuckey, Microbial response to
environmental changes in an Anaerobic Baffled Reactor (ABR),
Antonie Van Leeuwenhoek, 65 (1995) 111-123.

[8] G. Zhu, R. Zou, AK. Jha, X. Huang, L. Liu, C. Liu, Recent
developments and future perspectives of anaerobic baffled
bioreactor for wastewater treatment and energy recovery, Crit.
Rev. Env. Sci. Technol., 45 (2015) 1243-1276.

[4] S.Y. Bodkhe, A modified anaerobic baffled reactor for
municipal wastewater treatment, ]J. Environ. Manage., 90
(2009) 2488-2493.

[5] G.V.T.G. Krishna, P. Kumar, P. Kumar, Treatment of low
strength soluble wastewater using an anaerobic baffled reactor
(ABR), J. Environ. Manage., 90 (2009) 166-176.

[6] T. Sabry, Evaluation of decentralized treatment of sewage
employing Upflow Septic Tank/Baffled Reactor (USBR) in
developing countries, J. Hazard. Mater., 174 (2010) 500-505.

[7] S.]Jamshidi, G. Badalians Gholikandi, An assessment of using
anaerobic baffled reactor to upgrade wastewater stabilization
ponds: a pilot study, Int. J. Sustain. Dev. Plann., 9 (2014) 597-607.

[8] S. Singh, R. Haberl, O. Moog, R. Raj Shrestha, P. Shrestha, R.
Shrestha, Performance of anaerobic baffled reactor and hybrid
constructed wetland treating high-strength wastewater in
Nepal—a model for DEWATS, Ecol. Eng., 35 (2009) 654-660.

[9] S.Jamshidi, A. Akbarzadeh, K.S. Woo, A. Valipour, Wastewater
treatment using integrated anaerobic baffled reactor and
Bio-rack wetland planted with Phragmites sp. and Typha sp.,
J. Environ. Health Sci. Eng., 12 (2014) 131-142.

[10] F.A. Nasr, H.S. Doma, H.F. Nassar, Treatment of domestic
wastewater using an anaerobic baffled reactor followed by a
duckweed pond for agricultural purposes, Environmentalist,
29 (2009) 270-279.

[11] G. Kassab, M. Halalsheh, A. Klapwijk, M. Fayyad, J.B. van Lier,
Sequentialanaerobic-aerobictreatmentfordomesticwastewater—
a review, Bioresour. Technol., 101 (2010) 3299-3310.

[12] S. Pillay, KM. Foxon, C.A. Buckley, An anaerobic baffled
reactor/membrane bioreactor (ABR/MBR) for on-site sanitation
in low income areas, Desalination, 231 (2008) 91-98.

[13] R.R. Liu, Q. Tian, B. Yang, ].H. Chen, Hybrid anaerobic baffled
reactor for treatment of desizing wastewater, Int. J. Environ. Sci.
Technol., 7 (2010) 111-118.

[14] G.D. Ji, TH. Sun, J.R. Nj, J.J. Tong, Anaerobic baffled reactor
(ABR) for treating heavy oil produced water with high
concentrations of salt and poor nutrient, Bioresour. Technol.,
100 (2009) 1108-1114.

[15] E.L. Pereira, C.M. Montenegro Campos, F. Moterani, Physical-
chemical and operational performance of an anaerobic baffled
reactor (ABR) treating swine wastewater, Acta Sci. Technol.,
32 (2010) 399-405.

[16] A. Bayrakdar, E. Sahinkaya, M. Gungor, S. Uyanik, A. Dilek
Atasoy, Performance of sulfidogenic anaerobic baffled
reactor (ABR) treating acidic and zinc-containing wastewater,
Bioresour. Technol., 100 (2009) 4354-4360.

[17] G.F.Zhu,].Z. Li, P. Wu, H.Z. Jin, Z. Wang, The performance and
phase separated characteristics of an anaerobic baffled reactor
treating soybean protein processing wastewater, Bioresour.
Technol., 99 (2008) 8027-8033.

[18] J. Marin, K.J. Kennedy, C. Eskicioglu, Characterization of
an anaerobic baffled reactor treating dilute aircraft de-icing
fluid and long term effects of operation on granular biomass,
Bioresour. Technol., 101 (2010) 2217-2223.

[19] R. Huang, Z. Liu, J. Zhou, J. Mo, X. Liu, Research on treatment
of printing and dyeing wastewater by hybrid anaerobic baffled
reactor, Desal. Wat. Treat., 54 (2015) 590-597.

[20] H.M. Zwain, H. Abdul Aziz, N.Q. Zaman, 1. Dahlan, Effect of
inoculum to substrate ratio on the performance of modified
anaerobic inclining-baffled reactor treating recycled paper mill
effluent, Desal. Wat. Treat., 57 (2016) 10169-10180.

[21] M. Pirsaheb, M. Rostamifar, A.M. Mansouri, A.A.L. Zinatizadeh,
K. Sharafi, Performance of an anaerobic baffled reactor (ABR)
treating high strength baker’s yeast manufacturing wastewater,
J. Taiwan Inst. Chem. Eng., 47 (2015) 137-148.

[22] C. Ratanatamskul, C. Charoenphol, The energy-saving
anaerobic baffled reactor membrane bioreactor (EABR-MBR)
system for recycling wastewater from a high-rise building,
Water Sci. Technol., 71 (2015) 1838-1844.

[23] B. Ketheesan, D.C. Stuckey, Effects of hydraulic/organic shock/
transient loads in anaerobic wastewater treatment: a review,
Crit. Rev. Env. Sci. Technol., 45 (2015) 2693-2727.

[24] M.J. Hahn, L.A. Fiqueroa, Pilot scale application of anaerobic
baffled reactor for biologically enhanced primary treatment of
raw municipal wastewater, Water Res., 87 (2015) 494-502.

[25] N. Reynaud, C.A. Buckley, The anaerobic baffled reactor (ABR)
treating communal wastewater under mesophilic conditions: a
review, Water Sci. Technol., 73 (2015) 463-478.

[26] G.Badalians Gholikandji, S. Jamshidi, H. Hazrati, Optimization
of anaerobic baffled reactor (ABR) wastewater treatment system
using artificial neural network, Environ. Eng. Manage. J., 13
(2014) 95-104.

[27] CH. Lay, C.Y. Huang, C.C. Chen, CY. Lin, Biohydrogen
productionin an anaerobicbaffled stacking reactor: recirculation
strategy and substrate concentration effects, Biochem. Eng. J.,
109 (2016) 59-64.

[28] S. Elyasi, T. Amani, W. Dastyar, A comprehensive evaluation of
parameters affecting treating high-strength compost leachate
in anaerobic baffled reactor followed by electrocoagulation-
flotation process (electrolysis), Water Air Soil Pollut., 226
(2015) 116.

[29] Z. JingRui, Z. Gefu, P. Xiaofang, J.A. Kumar, L. Lin, H. Xu, L.
Chaoxiang, Effects of hydraulic retention time and influent
alkalinity on the performance of bio-electrochemical system
assisted anaerobic baffled reactor, Desal. Wat. Treat., 57 (2016)
25399-25410.

[30] J.Zhang, Y. Zhang, X. Quan, S. Chen, Enhancement of anaerobic
acidogenesis by integrating an electrochemical system into an
acidogenic reactor: effect of hydraulic retention times (HRT)
and role of bacteria and acidophilic methanogenic Archaea,
Bioresour. Technol., 179 (2015) 43-49.



(31]

(32]

(33]

[34]

[35]

(36]

[37]

(38]

M.].N. Varandi et al. / Desalination and Water Treatment 62 (2017) 80-85

G.B. Gholikandi, S. Jamshidi, Methanogenesis: Biochemistry,
Ecological Functions, Natural and Engineered Environments,
G.B. Gholikandi, Ed., Nova Publishers, USA, 2014, pp. 51-78.
B. Tartakovski, P. Mehta, ].S. Bourque, S.R. Guiot, Electrolysis-
enhanced anaerobic digestion of wastewater, Bioresour.
Technol., 102 (2011) 5685-5691.

A. Ahamed, C.L. Chen, R. Rajagopal, D. Wu, Y. Mao, 1J.R. Ho,
JJW. Lim, ]J.Y. Wang, Multi-phased anaerobic baffled reactor
treating food waste, Bioresour. Technol., 182 (2015) 239-244.

A. Alighardashi, M. Modanlou, S. Jamshidi, Performance
evaluation of anaerobic baffled reactor (ABR) treating pulp
and paper wastewater in start-up period, Water Pract.
Technol., 10 (2015) 1-9. doi: 10.2166/wpt.2015.001

R.R.Liu, Q. Tian, J. Chen, The developments of anaerobic baffled
reactor for wastewater treatment: a review, Afr. J. Biotechnol.,
9 (2010) 1535-1542.

S. Azizi, A. Valipour, S. Jamshidi, T. Sithebe, Performance
evaluation of the electrolysis process for waste sludge stabilization
in decentralization practices, Desal. Wat. Treat., 54 (2015) 616-623.
G. Badalians Gholikandi, S. Jamshidi, A. Valipour, Application
of electrolysis upgrading the operation of anaerobic reactors,
J. Environ. Stud., 38 (2013) 9-16.

APHA, Standard Methods for the Examination of Water and
Wastewater, 21th ed., American Public Health Association,
Washington, D.C., USA, 2005.

(39]

[40]

[41]

[42]

(43]

[44]

85

M.A. Wahab, F. Habouzit, N. Bernet, N. Jedidi, R. Escudié,
Evaluation of a hybrid anaerobic biofilm reactor treating
winery effluents and using grape stalks as biofilm
carrier, Environ. Technol, 37 (2016) 1676-1682. doi:
10.1080/09593330.2015.1127291

Y.Zhu,D.An,L.A.Hou, M. Liu, S. Yu, Treatment of decentralized
molasses wastewater using anaerobic baffled reactor, Desal.
Wat. Treat., 57 (2016) 23597-23602.

J. Palatsi, M. Laureni, M.V. Andres, X. Flotats, H.B. Nielsen,
L. Angelidaki, Strategies for recovering inhibition caused by
long chain fatty acids on anaerobic termophilic biogas reactor,
Bioresour. Technol., 100 (2009) 4588-4596.

A. Babaee, ]J. Shayegan, Effect of Organic Loading Rates
(OLR) on Production of Methane from Anaerobic Digestion
of Vegetable Wastes, World Renewable Energy Congress,
Linkoping, Sweden, 2011.

Y. Chen, B. Robler, S. Zielonka, A.M. Wonneberger, A.
Lemmer, Effect of organic loading rate on the performance
of a pressurized anaerobic filter in two phase anaerobic
digestion, Energies, 7 (2014) 736-750. doi: 10.3390/
en7020736

EL Turkdogan-Aydinol, K. Yetilmezsoy, A fuzzy-logic-based
model to predict biogas and methane production rates in a pilot-
scale mesophilic UASB reactor treating molasses wastewater,
J. Hazard. Mater., 182 (2010) 460-471.



