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Abstract— Sugar industry waste water was treated in a
laboratory model UASB reactor seeded with domestic waste
water collected from septic tank sludge. Two different studies
were carried out at Phase 1: maintained psicrophilic
temperature  (20-28°C) condition during October —
November and Phase Il: maintained mesophilic temperature
(30-40°C) condition during April to June for COD reduction.
In the phase I, the average varying influent COD applied over
the model are 2114,2543,3341,4028 and 4520 mg/L with
flow rates for each average influent COD are 4.80, 9.60, 14
40, 19.20 and 24.00 lid. It was found successful with 84.06%
COD removal under the operating conditions of OLR at 0.034
kg COD/kg VSS day, VLR at 0.760 kg COD/m? day and HRT
at5.21 days. In the phase 11 the average varying influent COD
of 2065, 2508, 3332, 4033 and 4512mg/L were applied with
same flow rates. The experimental work on UASBR model is
found successful with 91.86 % COD removal under the
operating conditions of OLR at 0.031 kg COD/kg VSS day,
VLR at 0.764 kg COD/m3day and HRT at 5.21 days.
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l. INTRODUCTION

India is one of the developing country which facing fetal
problems in collection, treatment and disposal of industrial
effluent due to rapid urbanization and industrialization.
Nowadays agro based industrial wastes resulting serious
health problems and many environmental issues. Sugar
industry is one of the most important agro based industry in
developing countries discharges their effluent with or without
proper treatment. There are 488 sugar malls in India with a
production of 145.39 lakh tons of sugar per vyea,-
(A.S.Tanksali 2013).Sugar cane industry generates 0.2-
1.8m%tone waste water with COL'- 1800 to 3200
gig/L.11CW 720 to 1500 mg/1 (K.V.Rajeshwari et al., 2000).
Because of high BOD content, sugar industry waste water
will deplete dissolved oxygen content of wate bodies
(Hampannavar, 2010). Biological treatment either by aerobic
or ana -obic is the natural choice for biodegradable wastes.
Anaerobic treatment technology 14 Lbe most attractive
practice in which the reduction of pollution and high recovery
of energy. Energy considerations and environmental
concerns have increased anaerobic treatment process in the
recent years. Anaerobic trr'urne,.' converts the waste water
organic pollutants into small arcount of sludge and large
amount of energy as gas (Ayati, and Ganjidoust, 2006). The
up flow anaerobic sludge blanket (UASB) reactor is by far the
most widely used hip rate anaerobic treatment system for
variety of waste water (van Haandel and Lettiga, 1994).
Temperature plays a key role on the anaerobic process in
UASB technology, to enhance the microorganism ability to
produce biogas from digestion. The suitable temperature

provides the microorganisms with less viscosity and good
degradation (kaviyarasan 2014). The rate of degradation of
organics is enhanced at mesophilic temperature (30-40°C)
and a decline in UASB efficiency at low temperature
(psicrophilic) can be explained due to decreases in microbial
activity (Mrunalini M. powar et a;., 2013). Hence in this
study, the treatment of sugar wastewater by laboratory model
UASBR under mesophilic and psicrophilic temperature
conditions for COD removal efficiency was investigated.

Il. MATERIALS AND METHODS

A. Wastewater Characteristics

The study was carried out using sugar industry wastewater
collected fifty five kilometers from laboratory. The average
characteristics of the real time effluent were COD —
3340mg/L; BOD — 1720 ing/L; TDS — 2050 mg,/L; TSS —
380 mg/L; pH — 7.8; N — 19.3mg/L; P — 6 mg/L.

B. Experimental setup

A laboratory scare UASB reactor (fig 1) using 5mm thick
acrylic pipe with an effective volume of 19 liters, 200mm
internal diameter and effective height of 600mm was
fabricated. The reactor was provided inlet at the bottom and
gas outlet at the top and another at a distance of 40mm from
the top of the reactor as the outlet for the treated effluent, It
the same level a gas liquid solid separator (GLSS) was
provided. Baffle arrangement was also made to guide the gas
bubbles into the separator to capture the evolved gas. As per
the guidelines given by Lettinga and Huishoff Pol (1991)
three phase separator was also provided with 3 sampling ports
at a distance of 300mm c/c along the reactor. The influent
tank is provided with an agitator to ensure proper mixing of
the waste water. A check valve was fixed at the bottom for
sludge withdrawal. Miclins peristaltic pump of model PP 20
was used to maintain the flow rate and upward velocity of the
feed.

The startup process was done by 60 days continuous
feed of domestic waste (COD 230-340) and stabilized sludge.
The OOD removal is started with 42.05 and it rise up to a
maximum of 82.4% (fig.2) and process stabilization was
observed after 60 's with average removal of 77 to 82 %.The
synthetic waste water which simulates the typical
characteristics of real time sugar waste water was prepared
with necessary chemicals and nutrients (table 1) and feed with
an initial COD of 2000 mg/1 and HRT of 48 hrs.(Mehrdad
Farhadian et al., 2007; Punal, et al., 2:,410) was selected in
order to allow the sludge acclimatize itself to the
environment. .1 nen the performance of UASBR could be
found out vith different average COD with different OLR,
VLR and HRT atpsicrophilic temperature (20-28°C) and
mesophilic temperature (30 to 40°C) condition in two phases.
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The characterization of the synthetic sugar
wastewater and the experiment on the laboratory scale UASI3
model was conducted using different pollutant parameters
namely pH, solids estimation, biochemical oxygen demand
[BOD], chemical oxygen demandlCOD], total nitrogen and
total phosphorus were measured during the experiment for
the purpose of monitt,ring the treatment process. The
laboratory analysis of the wastewater and treated effluent
samples were carried out by the standard methods, Standard
Analytical Procedures for Water Analysis (1999).

I1l. RESULTS AND DISCUSSION

The varying average COD of synthetic sugar influent applied
over the model during monsoon are 2114, 2543, 3341, 4028
and 4520 mg/L and during summer are 2065,25K3332,4033
and 4512 mg/L. The varying influent flow rate applied over
the model for each concentration of average influent COD are
4.80, 9.60, 14.40, 19.20 and 24.00 1/d with a resulted upward
velocity in the reactor varying from 0.0064 to 0.031 m/hr. The
hydraulic retention time (HRT) is 5.21, 2.6, 1.74, 1.3 and 1.04
days. The graphs were plotted from the observed readings for
the various operating conditions and finally the optimum
condition for the maximum COD removal efficiency was
identified. The Figure 3 and 4 shows the performance of the
model as % COD removal and varying organic loading rates
OLR, 0.019 to 0.216 kg COD/kg VSS day and identified that
the maximum COD reduction at 0.034 kg COD/kg VSS day
during monsoon and OLR, 0.018 to 0.194 kg COD/kg VSS
day and identified that the maximum COD reduction at 0.031
kg COD/kg VSS day during summer. The Figure 5 and 6 was
drawn for % COD removal under varying volumetric loading
rates VLR, 0.38 to 4.25 kg COD/m3day and the maximum
was found at 0.76 kg COD/m3day during monsoon and VLR,
0.382 to 4.234 kg COD/m3day and the maximum was found
at 0.764 kg COD/m3day during summer. The Figure-7—and-
8-was----- drawn on the performance of the model in terms of
% COD removal under varying hydraulic retention time
HRT, 5.21, 2.6, 1.74, 1.3 and 1.04 days and the maximum
was found at 5.21 days on both phases.

The optimum condition for higher % COD removal
of each average influent COD was identified from the results
and given in table 2&3. The bio gas generation, max
efficiency of Cod reduction, max concentration of VSS in
sludge blanket and max gas conversion ratio were 0.21 to
0.28&0.23t 41.31 ria3/ltg COD removal, 84.04 & 91.86%,
52060 & 52610mg/1 and 0.28 & U Il'erespectively. The
influent & effluent characteristics at maximum COD removal
are presented I1, able 4. The experiments was run on continual
basis under each conations of model operation, influent COD,
effluent COD, concentration of volatile solids the sludge
blanket zone and amount of gas per kg COD removal were
observed through suitable samples drawn and using Standard
Methods of analysis.

IV. CONCLUSION

1) The startup of an UASB reactor can be achieved within
60 days with domestic waste and stabilized sludge and
the model was run with synthetic sugar industry waste
water as substrate.

2) During psicrophilic temperature range the reactor
achieved COD removal efficiency of 84.06% at OLR of
0.034kgCOD/kg VSS day, VLR of 0.070kg COD/m-3
day and HRT of 5.21 days.

3) During mesophilic temperature range the reactor
achieved COD removal efficiency of 91.86% at OLR
0f0.031kg COD/kg VSS day, VLR of
0.764kgCOD/m3day and HRT of 5.21 days.

4) Biogas can be produced at rate of 0.30m3/kg of COD
removal. The model was observed to retain a high
concentration of biomass as VSS as high as 52610 mg/I
in the sludge blanket zone. To meet the standards for
disposal of treated effluent, UASBR required
downstieam aerobic system to reduce COD further.
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Sugar Varied
NH,4CI Varied
MgSO4 -7H,0O | 50 mg/L
FeCls-6H.0 3 mg/L
CaCl,— H,O | 0.4 mg/L
KCI 60 mg/L
(NH4)2PO4 varied
Table 1: Chemical composition of the synthetic sugar wastewater
Influent Flow rate | HRT VRL Kg OLR Kg VSS Effluent CoD Gas conversion
coD M¥day | days coD cob Mg/1 COD | pemoval % m3/kg COD
Mg/1 /méday | /kg VSS day Mg/1
2114 0.0048 | 5.21 0.38 0.019 44620 447 77.53 0.26
2543 0.0048 | 5.21 0.47 0.023 47340 528 78.77 0.26
3341 0.0048 | 5.21 0.64 0.030 48680 644 80.64 0.27
4028 0.0048 | 5.21 0.76 0.034 54610 635 84.06 0.28
4520 0.0048 | 5.21 0.86 0.037 52060 731 83.64 0.28

Table 2. Performance of the model at psicrophilic range for varying average COD under varying flow rates
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Irgl(l)JeDnt Flowrate | HRT VRL Kg OLR Kg VSS Egggm CoD Gas conversion
Mg/1 M¥day | days | COD/m®day | COD/kg VSS day | Mg/l Mg/1 Removal % | m3/kg COD
2065 0.0048 | 5.21 0.382 0.018 44700 377 77.53 0.26
2508 0.0048 | 5.21 0.491 0.021 49300 461 82.00 0.28
3332 0.0048 | 5.21 0.646 0.027 50120 383 88.62 0.29
4033 0.0048 | 5.21 0.764 0.031 52610 324 91.86 0.31
4512 0.0048 | 5.21 0.857 0.035 51470 553 87.61 0.30
Table 3: Performance of the model at mesophilic range for varying average COD under varying flow rates
parameters Psierophilic range Psierophilic range
influent | effluent | % removal | influent | effluent | % removal
ph 7.68 6.14 - 7.89 6.23 -
BOD.mg/1 | 1540 139 91 1620 58.3 96.4
TSS,mg/1 340 61.2 82 350 49 86
TDS,mg/1l | 2100 231 89 1900 171 91
N.mg/1 19.3 11.2 42 21.1 12.5 41
P,mg/1 4.80 2.6 46 5.2 2.6 50
Table 4: Influent & 4 fluent characteristics at maximum COD removal
UAFB bioprocess,” Bioresource Technology, 98, pp.
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