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ABSTRACT

Height is an important feature of the UASB reactor. In a simple UASB reactor due to movement of
methane in the upward direction, the activated sludge around it also moves in the upward direction,
which increases the risk of losing the biomass. This can affect the performance of the UASB reactor.
Keeping this fact in mind, we have to increase the height of the UASB reactor for getting the advantages
of the gravitational force. This increase in height has some other effects also. In this paper we are
determining the effect of the height on the performance of the reactor i. e., the effect on the percentage
COD removal. From this research we found that UASB is showing plug flow type of behavior, shows
axial conversion. We found that the COD removal decreases with the increasing height at HRT of

6.7 h.

INTRODUCTION

One of the most noticeable developments in anaero-
bic treatment process technology was the upflow
anaerobic sludge blanket (UASB) reactor in the late
1970s in the Netherlands (Lettinga et al., 1980). The
UASB reactor is a reactor type that is frequently used
in anaerobic water treatment. The reactor contains a
sludge blanket which consists of anaerobic microor-
ganisms in the form of pellets. These pellets are an
essential characteristic of the UASB principle. The
reactor is flowed through from the bottom to the top
(CE 702, anerobic wastewater treatment).

The principle of UASB is the channeling of water
from the bottom up to the top of the tank, process whilst
forming a blanket of granular sludge and suspended
in the tank. UASB is suitable for water with high BOD.

Methane, a viable renewable energy, is a byproduct of
this anaerobic treatment process (http://
daiichiwaste.com/eng/upflow-anaerobic-eng.html).
The granular sludge is the key factor of an efficiency
of an UASB reactor (Vlyssidies et al.,2007). Sludge
granules are at the core of UASB technology. A sludge
granule is an aggregate of microorganisms forming
during wastewater treatment in an environment with
a constant upflow hydraulic regime. In the absence of
any support matrix, the flow condition creates a
selective environment in which only those microor-
ganisms, capable of attaching to each other, survive
and proliferates (Tchobanoglous et al., 2003).

Importance of Height

The UASB reactor works best when desirable micro-
organisms are retained as highly active and fast
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Fig. 1 Shows the Schematic diagram of reactor setup.

‘a’ is the gas-liquid-separator system ; ‘b’ is the gas bubble ; ‘c’ is the granular bed ;
‘d’ is the sludge inlet ; ‘e’ is the sludge outlet ; ‘f’ is the ring used as a flange

settling granules (NIIST, CSIR). To stop the removal of
the sludge with the upflowing gas and wastewater
we have to maintain the height of the reactorin such a
manner, that it will support the G-L-S separator
system to its best. And we utilize the natural phenom-
enon known as gravitational force for settling the
particles. For this we require sufficient height.

MATERIALS AND METHODS

Wastewater from the dairy industry is generally
produced in an intermittent way, and the flow and
characteristics of wastewaters changes from one
industry to another depending on the kind of systems
and the methods of operation. The end of pipe efflu-
ent of the Sanchi Dairy (Ujjain Dugdh Sangh Maryadit,
Ujjain, M.P., India), which is run by Madhya Pradesh
State Cooperative Dairy Federation Ltd. and is located
in South-East direction of Ujjain (Madhya Pradesh)
city, situated 10 KM from the laboratory was used as
influent in UASB. The general characteristics of the
DWW which will became the feed for an anaerobic
reactor, are given in Table 1.

Experimental setup

A pilot scale plant is constructed for meeting the main
aim. The schematic diagram of the pilot scale UASB
bioreactor is shown in Figure 1. The reactor was fabri-
cated with an internal diameter of 15.24 cm and a

Table 1. Characteristic of the influent dairy wastewater

Parameter Range
BOD (mg/L) 573-617
COD (mg/L) 638-691
Temperature(?C) 26-34

TS (mg/L) .1698-.2305
pH 3-7.5
Alkalinity (mg/L) 249-482

height of 121.92 cm. The total volume of the reactor
was 22.26 L. Funnel shaped gas separator was used
to liberate the generated biogas from the effluent and
then the gas was led to the gas collector. The gas tank
is a small box. The liberated gas was frequently
measured for a fixed container.

HRT and the gas volume were recorded with re-
spect to time.

The UASB reactor was operated at an ambient tem-
perature ({may-June} 36°C).

Wastewater Characteristic is synthetically main-
tained for the nearly equal to the wastewater from the
Sanchi-dairy Ujjain, was used as en influent continu-
ously. The feed was introduced from the bottom of the
column. The effluent was collected from the top of the
column in a 20 liter polyethylene. Table 2 shows the
dimensions of the reactor.

The figure of the reactor is as shown in the Figure
2. Figure 2 showing the different sectors of the reactor
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Fig. 2 Reactor with different segments and dimensions

a, b, ¢, d, and e are different outlets for effluent ; ‘f’ is the outlet for the granular bed or seed ; ‘g’ is the inlet for the
granular bed or seed ; ‘h’ is the conical portion of the g-1-s system ; ‘1’ is the pipe line for the gas collector;
‘L’ is the gas collector ; ‘i’ is the inlet for the influent ; k" is the g-1-s system.

with their dimensions. Different tabs are provided for
determining the different conversions at different

|
‘ sd : ] !
””” [able 2. Dimensfpas~af the UASB reactor
Dimension Measurement value
" SFner diameter, 1524m (.5ft)
leight, H 1.219m (4ft)
"ross section arch, A asc: = 01825 m?
Reactor volume, a .02225 m? (22.25 L)
Vorking volumg, V = .. .01825 m? (18.25L)
- eactdf Operatfon -+
The rﬂf{al-‘fL wtor-was inoculated with 500mL seed culture

contained anaerobic bacteria originated from the
cowdunk which is predigested for about 45 days. In
order to acclimate the sludge with Dairy wastewater,
the reactor was fed with continuous flow of waste
water (540-691 mg COD/L). For the days of opera-
tion, the bioreactor was continuously fed and main-
tained in normal pH by alkali addition. Continuous
feeding the reactor was started with an initial organic
loading rate.

1.2648 g/L.d COD (OLR) and HRT of 8.9 h. The
HRT was maintained constant throughout the start-

up period for duration of one day before the reading
was taken. The influent COD concentration was about
573 and then it was stepwise increased. The reactor
was continuously operated for 55 days.

onitoring Efficiency

e man component to be removed in the UASB reac-
tor are Suspended solids, organic matter and patho-
genic organisms. For the first the TSS and COD-BOD
tests are used. The removal of COD in the system re-
fers to the difference between the influent and the ef-
fluent COD, hence the COD removal percentage is
expressed by:

Percentage Removal of COD = [(CODin- CODout )/
(CODin)] *100

COD in and COD out representing the value of
COD in influent and Effluent respectively and their
difference shows that how much organic compounds
are converted into organic acids, as a consequence
the COD test will still present high values and the pH
will lower (Pandya et al., 2011).

Experiment

After 24 hours of the reactor startup, the samples were
taken from the different taps which are available at
the different distance in the reactor. Examination of
the parameters of inlet and out was done regularly by
the standard methods.
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Fig. 3 Percentage COD Removal efficiency v/s different height at different days.
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Fig. 5 Percentage removal efficiency of BOD in the UASB reactor
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Table 6. Variation of TS W.R.T Height and Efficiency of G-L-S W.R.T Days

Day/hrs 1t Tap 2" Tap 3 Tap 4" Tap Efficiency of G-L-S system
(mg/L) (mg/L) (mg/L) (mg/L) (%) (I[4" tap-1+ tap] /4*
tap]*100)
1st/24 0.1113 0.1294 0.1383 0.1556 28.47
2nd /48 0.0798 0.1301 0.1304 0.1239 35.84
3rd/72 0.0937 0.1232 0.1374 0.2058 54.47
VARIATION IN TS
0.21 4
a9 4
Q.17 4
a9.15 4 / —— TS {mg, 151 day)
w013 4 . —=— TS {mgl,2nd day)
T 011 v"ﬁ - TS {mgi,3rd day)
0.09 4 -/
0.07 4
.05

1 075

0.4%
HEIGHT OF THE SAMPLE TAKEN [meter)

0.3

Fig. 6 Decrease in TS w.r.t height

G-L-S EFFICIENCY
SLELEEHBGE

VARIATION IN TS

—a— TS REMOVAL{%)

1 2
DAYS

Fig. 7 G-L-S Efficiency w.r.t Days

The pH was maintained on the daily basis by
adding an alkali (NaOH). The flow is very low as
compared to the flow rate obtained by the design found
in the Metcalf and Eddy, (1991)i.e.,86L/h, therefore
itis difficult to maintain the porosity of the bed, so we
manually increase the flow rate of the reactor for few
minutes to maintain the porosity of the bed.

RESULT AND DISCUSSIONS

Upflow Anaerobic Sludge Blanket Reactor Startup

During the reactor startup period, the reactor was
flowed with the influents (616 mg/L COD, pH 6-7
and HRT 8.9 hrs.) continuously. The first seed is the
predigested cow dunk, kept for 45 days in the same
condition as the reactor will work later. The param-
eters such as pH, COD, TS and TS of the influents and
effluents were determined daily where the seed is cow
dunk only .The COD removal, BOD and TS removal of
the reactor could be determined. Table 3 shows the
percentage Removal of COD.
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Table 3. Percentage Removal of COD

Day 1t Tap 2 Tap 3 Tap 4" Tap
1 48.86 50.95 52.07 52.01
2nd 51.20 50.54 53.63 54.47
3ud 51.54 54.13 54.62 55.27

Correlation of the COD removal with height
startup period was plotted as in Figure 3.

The steady state condition was achieved after 45
days acclimatization during the preparation of the
seed. Fig. 3 represents the percentage COD removal at
various heights of different days. Different data
obtained for the different height w.r.t pHis shownin
Table 4. The correlation of the pH with height within
startup period was plotted as in Figure 4.

Table 4. Variation of pH w.r.t height

Day/ 1¢ Tap/ 20dTap/ 3<Tab/ 4%Tap/
hrs Im .75m 45m 30m
1t/24 6.5 5 6 5

2nd /48 6.5 6 6.5 5
31d/72 7 6.3 5.2 5

The effluent pH presented the similar trend as the
COD removal and the pH of the effluents varies from
6-7 in the steady state condition.

In these range of pH values, the process of
acidogenesis was more dominant than
methanogenesis. In the process of acidogenesis,
biomolecules was hydrolyzed and fermented to
produce acetate, hydrogen, carbon dioxide and pro-
pionate and butyrate. The propionate and butyrate
were fermented further, to also produce hydrogen,
carbon dioxide, and acetate as precursors for
methanogenesis. The %BOD removal efficiency of the
UASB reactor is as shown in the Table 5, and its graphi-
cal representation is shown in Figure 5.

Table 5. Percentage Removal of BOD with Cow dung

Day hrs 1 Tap 2dTap  3<Tab  4"Tap
1¢/24 45.05 4523 47.03 47.73
2nd /48 46.74 46.90 45.08 4891
31/72 46.85 48.76 48.99 49.32

The TS removal within the startup period was also
shown in table 6 and the range is plotted in Figure 6
and the G-L-S system efficiency is shown in the
Figure7.
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Then, the steady state condition of the reactor could
be defined. The TS and TSS removal showed the same
trends within the startup period.

The UASB reactor was able to remove the TS and
TSS at the steady state condition. Day by days we can
observe that the efficiency of the G-L-S system is
rising. The solids and particulate organic matters did
not accumulated in the reactor but they were hydro-
lyzed and fermented into soluble form as no signifi-
cant increment of sludge volume was observed.

CONCLUSION

The Conclusion that we can draw from this experi-
ment is the decrease in the efficiency with the increas-
ing height. This study shows that the efficiency of the
anaerobic reactor say UASB depends on the height
but in the reverse manner. Height is important because
we do not want that the biomass leaves the UASB
with the escaping methane and treated water. We can
simply increase the efficiency of the Gas-Liquid-Solid
separator system (G-L-S), so that the height can be
kept as small as possible. Thus it would be concluded
that -

1. The G-L-S system must show high effectiveness.
2. The height should be kept as small as possible.
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