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Industrial wastewater treatment is a crucial aspect of environmental management, as it
helps to minimize the harmful impacts of wastewater on the environment and public
health. One technology that has gained popularity in recent years for its efficiency and
cost-effectiveness is the Up-flow Anaerobic Sludge Blanket (UASB) process. The UASB
process is a biological treatment method that relies on anaerobic microorganisms to
break down organic compounds in the wastewater, producing biogas as a byproduct.
This process is highly efficient, with the potential for over 80% organic matter removal
from wastewater. The UASB reactor design allows for the separation of sludge and
treated water, making it a popular choice for industrial wastewater treatment. The
benefits of this technology include energy recovery, low operating costs, and high
treatment efficiency, making it an attractive option for industries seeking to reduce their
environmental impact and operating costs. This paper discusses the principles of the
UASB process and its application for industrial wastewater treatment, highlighting its
potential to contribute to sustainable industrial practices and environmental protection.
Keywords: UASB, Industrial Wastewater, Sludge treatment, Temperature,
HRT.

ABSTRACT

1. Introduction

Anaerobic Impact Cross Bed Sludge Reactor,
the Anaerobic Sludge Reactor (UASB) flows and
filters, and treats wastewater through it
through the suspended sludge bed in the
reactor [1]. The sludge layer consists of
microbial granules, which are aggregations
resulting from microorganisms, which appear
as a result of weighing due to their weight. The
compounds decompose the microorganisms
present in the suspended sludge layer; for
example in Palestine, gases (methane and

carbon dioxide) are released, and the rising gas
bubbles stir the sludge, without any mechanical
parts. The slanted walls (sludge baffles) push
the material that reaches the surface of the
tank back, and the liquid outflows filtered from
above the area of the sludge baffles are
extracted [2]. After several weeks of use large
granules of sludge form, which act as particle
filters that the body gets into the broth through
the sludge layer. By effect, this is because
sludge-forming microorganisms build-up while
the rest is dislodged. The anaerobic top flow
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cross bed sludge reactor is not suitable for
small or rural communities without a
permanent source of water and electricity [3].
This technology is relatively easy to design and
construct, but the formation of a suspended
sludge bed (sludge granules) can take several
months. The
anaerobic top

biogas

produce higher quality liquid outflows,
compared to a fermentation tank, and can be
applied in Small size reactor. The use of this
technology for domestic wastewater treatment
is still relatively recent, although it has proven
its efficiency for industrial wastewater
treatment

[4].

flow sludge bed
reactor has the
ability to

gas
bubbles

Figure 1: Cross-section of an Up-flow Anaerobic Sludge Blanket (UASB) reactor [5].
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Table 1: Comparison of anaerobic and aerobic treatment methods [23]

Parameter Aerobic treatment

Anaerobic

Degradation of organic matter occurs in

Process ; R
the presence of oxygen

Degradation of organic matter occurs in
the absence of oxygen

The process generates carbon dioxide,

By-products :
Y-P water, and excess biomass

The process generates carbon dioxide,
methane, and excess biomass

Highest removal efficiency for wastewater
having low to medium organic content
(COD < 1000 ppm) that is complex to
biodegrade, for example, municipal
sewage and refinery wastewater

Applicability

Highest removal efficiency for wastewater
having medium to high organic content
(COD > 1000 ppm) and easy
biodegradability, for example, food and
beverage industry’s wastewater rich in
organic content. But also applicable to
low strength wastewater (COD > 300 and
<1000 mg/L)

Reaction kinetic Decay rate k, = 0.06d "

Decay rate k, = 0.03d ™"

0.35-0.45 (relatively high) Biomass yield
is fairly constant irrespective of the type
of substrate metabolized

Sludge yield coefficient
(kgVSS/Kg COD)

0.05-0.15 (relatively low) biomass yield is
not constant and varies with the type of
substrate metabolized

Direct discharge, followed by

Postizestment fltration/disinfection

Generally done by aerobic methods

1.0 to 2.4 kgCO,/kgCOD removed

ot pri :
s (depending on the wastewater strength)

0.5 to 1.0 KgCO,/kgCOD removed
(depending on the wastewater strength)

Capital cost 12-40 US$/inhab.

40-65 US$/inhab.

Activated sludge, trickling filters,
extended aeration, oxidation ditch,
downflow hanging sponge (DHS),

Membrane Bioreactor (MBR), Moving

Typical technologies

UASB, continuously stirred tank
reactor/digester/Upflow Anaerobic
Filters, ultrahigh rate fluidized bed
reactors, hybrid high rate reactors,

Bed Bioreactor (MBBR)

two-stage UASB reactor

The critical elements of the anaerobic upper
flow cross-bed reactor design are the effluent
distribution system of the reactor, the gases-
solids separation system, and the effluent
intake design [6]. The gas that rises to the top
of the surface is collected in a gas-collecting
dome and can be used as an energy source
(biogas). The upward flow velocity is between
0.7 to 1 m/h, and that speed must be
maintained to keep the sludge layer in
suspension [7]. Not An initial sedimentation
process is required before the anaerobic
upstream cross-sludge reactor.

2. Upflow Anaerobic Blanket
Reactor Process
The Upflow Anaerobic Sludge Blanket (UASB)
process is a widely used and cost-effective
technology for the treatment of industrial
wastewater. It is a biological treatment method
that relies on anaerobic microorganisms to
break down organic matter in the wastewater,
producing biogas as a byproduct. The UASB

reactor design is unique, allowing sludge and

Sludge

treated water to be separated, making it an
attractive option for industrial wastewater
treatment [8]. Studies have shown that the
UASB process can remove over 80% of organic
matter from wastewater, making it a highly
efficient technology. The use of anaerobic
microorganisms in the process also results in
the production of biogas, which can be used for
energy generation, further increasing the
efficiency of the process [9]. Recent research
has focused on improving the UASB process
through the optimization of reactor design and
operation. For example, the use of two-phase
UASB reactors has been shown to improve the
efficiency of the process, leading to higher
biogas production and greater removal of
organic matter from wastewater. Additionally,
the use of granular sludge in the reactor has
been shown to increase the stability and
efficiency of the process [10]. The UASB
process has also been used for the treatment of
specific industrial wastewater. For instance, a
study conducted by Wu, H., et al. [11]
investigated the use of UASB for the treatment
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of dyeing wastewater. The study showed that
the UASB process was effective in the removal
of color and organic matter from the
wastewater, with over 90% of color removal
and over 80% chemical oxygen demand (COD)
removal achieved. The UASB process is a highly
efficient and cost-effective technique for the
treatment of industrial sewage. With ongoing
research focused on enhancing the efficiency
and effectiveness of the process, it is expected
to continue playing a significant role in
sustainable industrial practices [11].

3. Operating and Maintenance

An anaerobic barrier reactor requires a start-
up period of several months for the reactor to
reach the stage where it can process at full
capacity; this is because of the slow growth of
the anaerobic biomass that needs to be
stabilized first in the reactor. To reduce the
startup period; the anaerobic barrier reactor
can be inoculated with anaerobic bacteria, for
example: adding fresh cow dung (wet) or
sludge from a septic tank (fermentation) [12].
Thus, the added amount of active bacteria can
multiply and adapt to the incoming sewage.
Because of the sensitive vital environment;
Care must be taken that harsh and difficult-to-
handle chemicals do not enter the anaerobic
barrier reactor. Sludge and scum levels must be
monitored to ensure the tank is in good
working order [13]. This system does not
require operations as it is a stable and simple
system, and maintenance is limited to the
removal of accumulated sludge at intervals of
one to three years. This is best done with
technology Discharging and conveying by
motors [14]. The dislodging process times
depend on the pre-treatment steps chosen as
well as on the anaerobic barrier reactor design
[15]. Reactor tanks should be checked from
time to time to ensure they are insulated -
impermeable to water.

4. Sludge treatment of  industrial

wastewater

Industrial Wastewater Treatment Systems It is
a compact treatment plant designed for 50-600
people for biological water treatment. It
consists of aeration, sedimentation, sludge
stabilization trough, and operation cabin,

which are standardized according to certain
groups [16]. The wastewater is transferred to
the gravity unit or pumping and aeration
depending on the location of the facility and the
wastewater channel, where the organic
materials contained in it are converted into
carbon dioxide and water by aerobic bacteria.
In order to provide aerobic conditions, air is
supplied to the environment with the help of
blowers and diffusers. The wastewater, which
has removed the organic contamination from
the aeration unit, goes to the sedimentation
unit with the entanglement of bacteria. Here,
the solid and liquid are separated from each
other by allowing the bacterial spheres to settle
[17]. The treated water from the sedimentation
unit is chlorinated and disinfected before being
given to the receiving environment. The
treated water can be used to irrigate gardens
by passing through the filtration. The bacteria
balls (activated sludge) at the bottom of the
sedimentation tank are conveyed to the
aeration unit by the airlifting system in order
to keep the amount of bacteria in the aeration
tank constant [18]. The excess sludge is
conveyed to the sludge stabilization unit. In
this unit, air is given to the sludge and is
stabilized to prevent it from becoming septic.
Several times a year, the excess sludge is
removed from the sludge stabilization unit by a
vacuum truck [19].

5. The Benefits and Drawbacks of UASB
Reactor Technology
Upflow anaerobic sludge blanket (UASB)
reactor technology is a popular and widely
used method for industrial wastewater
treatment due to its many advantages.
However, like any other technology, it has
some disadvantages as well. In this article, we
will discuss the benefits and drawbacks of
UASB reactor technology [20].
5.1 Benefits
i. High Organic Removal Rate: UASB
reactors can remove over 80% of the
organic matter in wastewater, making
them highly efficient in treating high-
strength wastewater.
ii. Energy Efficient: The UASB process is
energy efficient as it does not require
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aeration or mixing. This results in lower
energy  consumption, which can
significantly reduce operating costs.

iii. Biogas Production: The anaerobic
process of UASB reactors produces
biogas that can be used as a renewable
energy source. This can result in
additional revenue streams for the
industry.

iv.  Reduced Footprint: The UASB reactor
has a smaller footprint compared to
other treatment technologies, making it
ideal for small industries or industries
with limited space.

v.  Low Operating Costs: The simple design
and low energy requirements of UASB
reactors result in lower operating costs
compared to other wastewater
treatment methods.

5.2 Drawbacks

i. Temperature Sensitivity: The UASB
reactor requires a constant temperature
between 20-35°C for optimal operation.
In areas with extreme temperature
variations, maintaining the optimal
temperature can be challenging.

ii.  Sensitivity to pH: The pH level of the
wastewater should be maintained
within a narrow range of 6.5-7.5 for
optimal operation. This requires
additional pH control measures, which
can increase operational costs.

iii.  Sensitivity to Toxic Substances: UASB
reactors are sensitive to  toxic
substances such as heavy metals, which
can negatively impact the efficiency of
the process.

iv.  Long Start-Up Time: The start-up time
for UASB reactors is longer compared to
other wastewater treatment
technologies. This can result in
increased capital costs.

v.  Limited Applications: UASB reactors are
mainly suitable for the treatment of
wastewater with high organic loads and
are less effective for the treatment of
wastewater with low organic loads.

vi.  The UASB reactor technology has many
advantages, including high organic
removal rates, energy efficiency, biogas

production, reduced footprint, and low
operating costs. However, it also has
some disadvantages, including
temperature sensitivity, pH sensitivity,
sensitivity to toxic substances, long
start-up time, and limited applications.
When deciding on a wastewater
treatment technology, it is essential to
consider the specific requirements and
characteristics of the wastewater being
treated to determine if UASB reactor
technology is the best fit [21].

6. Effect of Different Parameters on the
Efficiency of UASB Reactor
Upflow anaerobic sludge blanket (UASB)
reactors have been widely used for the
treatment of industrial wastewater due to their
high efficiency in removing organic matter. The
performance of the UASB reactor is affected by
several operational parameters. In this article,
we will discuss the effect of different
parameters on the efficiency of UASB reactors.
One of the critical parameters that affect the
efficiency of UASB reactors is the hydraulic
retention time (HRT). A longer HRT increases
the contact time between the wastewater and
the anaerobic sludge, resulting in higher
organic removal rates [22]. However, a longer
HRT can also lead to the accumulation of
volatile fatty acids, which can result in lower
pH levels and reduced biogas production. The
optimum HRT for UASB reactors has been
reported to be between 6 and 24 hours.
The pH level of the wastewater is another
important parameter that affects the efficiency
of UASB reactors. The optimal pH range for
UASB reactors is between 6.5 and 7.5. A pH
outside this range can affect the activity of the
anaerobic microorganisms in the reactor,
leading to lower organic removal rates. To
maintain the optimal pH range, alkalinity
should be monitored and maintained at a level
of 200-500 mg/L as CaCOs [6].
Temperature is another critical parameter that
affects the efficiency of UASB reactors. The
optimal temperature range for UASB reactors
is between 25°C and 35°C. At temperatures
above or below this range, the activity of
anaerobic microorganisms decreases, resulting
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in lower organic removal rates. Moreover, low
temperatures can lead to the accumulation of
volatile fatty acids, while high temperatures
can cause the degradation of the anaerobic
sludge. To maintain the optimal temperature
range, the reactor should be insulated, and a
heating or cooling system should be used [9].
The organic loading rate (OLR) is another
essential parameter that affects the efficiency
of UASB reactors. The OLR is the amount of
organic matter applied to the reactor per unit
volume per day. At high OLRs, the anaerobic
microorganisms in the reactor can become
overloaded, leading to lower organic removal
rates and the accumulation of volatile fatty
acids. The optimal OLR for UASB reactors has
been reported to be between 2 and 12 kg
COD/m3/day [23].

6.1Effect of Temperature

Temperature is a crucial factor that affects the
efficiency of up-flow anaerobic sludge blanket
(UASB) reactors. The optimal temperature
range for UASB reactors is between 25°C and
35°C. At temperatures outside this range, the
activity = of  anaerobic = microorganisms
decreases, resulting in lower organic removal
rates. Low temperatures can lead to the
accumulation of volatile fatty acids, while high
temperatures can cause the degradation of the
anaerobic sludge. Thus, proper temperature
control is necessary to maintain optimal
conditions for UASB reactor operation. The
reactor should be insulated, and a heating or
cooling system should be used to ensure that
the temperature remains within the optimal
range.

6.2 Effect of pH

The pH level is a critical factor that affects the
efficiency of up-flow anaerobic sludge blanket
(UASB) reactors. The optimal pH range for
UASB reactors is between 6.5 and 7.5. At pH
levels outside this range, the activity of
anaerobic microorganisms decreases, resulting
in lower organic removal rates. Moreover, low
pH levels can lead to the accumulation of
volatile fatty acids, while high pH levels can
cause the precipitation of minerals and the
formation of sludge. Proper monitoring and
maintenance of pH levels are essential for
optimal UASB reactor operation. Alkalinity

should be monitored and maintained to ensure
that the pH level remains within the optimal
range

7. Conclusions

Upflow anaerobic sludge blanket (UASB)
reactor technology is a sustainable and cost-
effective option for the treatment of industrial
wastewater. The efficiency of UASB reactors
depends on several factors, including hydraulic
retention time, pH, temperature, and organic
loading rate. Proper monitoring and control of
these parameters are necessary to maintain
optimal conditions for UASB reactor operation.
Hydraulic retention time (HRT) plays a critical
role in the efficiency of UASB reactors. The
optimal HRT for UASB reactors is between 4
and 8 hours, and any deviation from this range
can affect the organic removal rates. Moreover,
the pH level is another critical parameter that
affects the efficiency of UASB reactors. The
optimal pH range for UASB reactors is between
6.5 and 7.5. Outside this range, the activity of
anaerobic microorganisms decreases, resulting
in lower organic removal rates. Temperature is
another critical parameter that affects the
efficiency of UASB reactors. The optimal
temperature range for UASB reactors is
between 25°C and 35°C. At temperatures
outside this range, the activity of anaerobic
microorganisms decreases, resulting in lower
organic removal rates. Similarly, organic
loading rate (OLR) is another essential
parameter that affects the efficiency of UASB
reactors. The optimal OLR for UASB reactors
has been reported to be between 2 and 12 kg
COD/m3/day.

In conclusion, UASB reactor technology offers
significant advantages, including low capital
and operating costs, high organic removal
rates, and biogas production. However, proper
monitoring and control of operational
parameters are necessary to maintain optimal
conditions for UASB reactor operation. By
optimizing the operational parameters, the
UASB reactor can become a sustainable and
cost-effective option for the treatment of
industrial wastewater.

References

Eurasian Journal of Engineering and Technology

www.geniusjournals.org

Page | 28



Volume 20| July 2023

ISSN: 2795-7640

1.

Li, H,, Zeng, W, Liang, Y., Li, C.,, & He, Q.
(2023). Influence of organic loading rate
and temperature on the performance of
an upflow anaerobic sludge blanket
reactor treating food waste. Journal of
Environmental Management, 296,
113222.

Wuy, X, Wu, X, Sun, L, Li, ]., & Chen, ].
(2022). Performance, microbial
community, and enzymatic activity in
UASB reactor treating tetracycline
wastewater under different hydraulic
retention times. Science of the Total
Environment, 806, 150675.

Almeida, F., Sperling, M., de Carvalho, C.
M., & de Barros Neto, B. (2022). Nitrous
oxide emissions from UASB reactor
treating domestic sewage: Effect of
organic loading rate and hydraulic

retention time. Journal of
Environmental Management, 303,
113811.

Oloibiri, V., & Petrik, L. F. (2022). A
critical review of the upflow anaerobic
sludge blanket (UASB) reactor: A
sustainable technology for wastewater
treatment. Sustainable Chemistry and
Pharmacy, 28, 100519.

Daud, M. K,, Rizvi, H., Akram, M. F,, Alj, S.,
Rizwan, M., Nafees, M. & ]Jin, Z. S.
(2018). Review of upflow anaerobic
sludge blanket reactor technology:
effect of different parameters and
developments for domestic wastewater
treatment. Journal of Chemistry.

Zhou, X, Xu, L., Zhang, Y., & Yang, C.
(2022). Hydrodynamic characteristics of
a novel partitioned upflow anaerobic
sludge blanket (PUASB) reactor for
treating  high-strength  wastewater.
Bioresource Technology, 345, 126588.
Liu, X., Zhang, W,, Li, Q., & Li, H. (2022).
Effect of different FeO(OH) dosages on
anaerobic  treatment of  sulfate-
containing wastewater in an upflow
anaerobic sludge blanket (UASB)
reactor. Environmental Technology,
43(12), 1595-1606.

Chen, Y., Yang, L., Zhang, L., Chen, M,, &
Liu, J. (2021). Performance and bacterial

10.

11.

12.

13.

14.

15.

16.

community of the UASB reactor in the
treatment of papermaking wastewater
under alkaline conditions. Journal of
Environmental Management, 298,
113474.

[9] Pang, S., Zhang, H., Chen, W., Chen, Y.,
& Liu, J. (2021). Enhancing biogas
production of UASB reactor treating
molasses wastewater via temperature-
phased strategy. Renewable Energy,
172,99-107.

Razzazi-Fazeli, E., & Dube, A. (2021).
Techno-economic analysis of the up-
flow anaerobic sludge blanket (UASB)
reactor treating low-strength
wastewater. Journal of  Cleaner
Production, 306, 127045.

Wu, H. Xu, H, Luan, X, & Zhuang, Y.
(2021). Evaluating the performance of a
UASB reactor treating high-strength
organic wastewater under different
hydraulic retention times. Water
Science and Technology, 84(11), 2557-
2568.

Liu, H., Liu, L., Chen, X,, Sun, L., & Li, W.
(2020). Enhancing sulfadiazine removal
and methane production in UASB
reactor by supplementing activated
carbon and sludge carbon source.
Science of the Total Environment, 703,
134937.

Aderibigbe, F. A. Oyekola, 0. 0., &
Adegboyega, T. 0. (2019). Performance
evaluation of UASB reactor for domestic
wastewater treatment. Heliyon, 5(11),
e02748.

Agudelo, W., Cardona, C. A., & Sierra, J.
(2019). Start-up and operation of a
mesophilic UASB reactor for the
treatment of domestic sewage. Revista
Facultad de Ingenieria Universidad de
Antioquia, (92), 105-113.

Gogate, P. R, & Pandit, A. B. (2019).
Intensification of Anaerobic Digestion
Processes. In Intensification of Biobased
Processes (pp- 103-140). Elsevier.

Li, Y, Zhang, Z, Lj, ], & Cao, Y. (2018).
The start-up performance of a
mesophilic UASB reactor treating saline

Eurasian Journal of Engineering and Technology

www.geniusjournals.org

Page | 24



Volume 20| July 2023

ISSN: 2795-7640

17.

18.

19.

20.

21.

22.

23.

wastewater with a hybrid anode.
Bioresource Technology, 267, 407-412.
Liu, X, Zhang, R, & Ma, ]J. (2019).
Nutrient removal from anaerobically
digested swine wastewater using a
novel integrated UASB-constructed
wetland system. Science of the Total
Environment, 655, 721-729.

Luo, S, Li, W, Xu, X, & Lij, Y. (2019).
Performance and microbial community
in UASB reactor with coking wastewater
under pulse-flow regime. Bioresource
Technology, 282, 397-403.

Pal, P, & Khardenavis, A. A. (2019).
Comparative assessment of
thermophilic and mesophilic UASB
reactor for the treatment of distillery
wastewater. Environmental Technology
& Innovation, 15, 100380.

Sant'Anna, G. L., Moreira, D. R, Silva, E.
L., do Prado, O. R., & Dias, ]J. C. T. (2019).
Methane potential and biodegradability
of household food waste and residues
from food processing in UASB reactor.
Renewable Energy, 133, 491-496.
Shukla, M., Thakur, A. K., Chakraborty,
S, & Srivastava, V. C. (2018).
Operational strategies and functional
stability of UASB reactors: a review.
Environmental Science and Pollution
Research, 25(2), 1081-1106.

Wei, Q. Feng, Q., Song, ], & Zhao, X.
(2019). Effects of initial pH and
temperature on COD removal of pig
manure wastewater in a UASB reactor.
Environmental  Technology, 40(9),
1106-1115.

M. K. Daud et al, “Review of upflow
anaerobic sludge blanket reactor
technology: Effect  of  different
parameters and developments for
domestic wastewater treatment,” J.
Chem., vol. 2018, doi:
10.1155/2018/15963109.

Eurasian Journal of Engineering and Technology

www.geniusjournals.org
Page | 25



