
St. Kliment Ohridski University
Faculty of Technical Sciences Bitola

Gordana Janevska, Elizabeta Bahtovska

SBR – WASTEWATER TREATMENT PLANT

SBR – POSTROJENJE ZA PREČIŠĆAVANJE
OTPADNIH VODA

Waste management curricula 
development in partnership with 
public and private sector,
WamPPP, May 2018



UKLO
St. Kliment Ohridski University

WamPPP
561821-EPP-1-2015
EPPKA2-CBHE-JP

Nis, May 2018

Structure

 Introduction
 Types of wastewater 

 EU legislation

 Wastewater treatment plant 

 The SBR technology for wastewater treatment 

 Case study 
 Plant description 

 Hydro-mechanical equipment

 Hydraulic calculations and equipment selection 

 Conclusion



UKLO
St. Kliment Ohridski University

WamPPP
561821-EPP-1-2015
EPPKA2-CBHE-JP

Nis, May 2018

 Wastewater is any water that has been affected by human use. Wastewater or 
sewage is the byproduct of many uses of water. When water is used by our society, 
the water becomes contaminated with pollutants. Most human activities that use 
water produce wastewater. As the overall demand for water grows, the quantity of 
produced wastewater and its overall pollution load are continuously increasing 
worldwide. 

 Although wastewater is a critical component of the water management cycle, the 
vast majority of wastewater is released directly to the environment without adequate 
treatment, with detrimental impacts on human health, economic productivity, the 
quality of ambient freshwater resources, and ecosystems. Left untreated, these 
pollutants negatively affect our environment. 

 It is known that much of water supplied ends up as wastewater which makes its 
treatment very important. Wastewater treatment is the process and technology that 
is used to remove most of the contaminants that are found in wastewater to ensure 
environment protection and good public health. Wastewater Management therefore 
means handling wastewater to protect the environment to ensure public health, 
economic, social and political soundness

Introduction
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 Types of wastewater
Wastewater is "used water from any combination of domestic, industrial, commercial or 
agricultural activities, surface runoff or stormwater, and any sewer inflow or sewer infiltration". 
Therefore, wastewater is a byproduct of domestic, industrial, commercial or agricultural activities. 
The characteristics of wastewater vary depending on the source. Types of wastewater include: 
domestic wastewater from households, municipal wastewater from communities (also called 
sewage) or industrial wastewater from industrial activities. Wastewater can contain physical, 
chemical and biological pollutants.

Introduction



UKLO
St. Kliment Ohridski University

WamPPP
561821-EPP-1-2015
EPPKA2-CBHE-JP

Nis, May 2018

 EU  legislation

Water is one of the most clearly regulated areas of European legislation in the field of 
environmental protection.
The main goals of water care are: 

 Protection and improvement of conditions in aquatic ecosystems and other ecosystems 
that depend on water, 

 Promotion of sustainable water use, 
 Protection of seawater, 
 Mitigating the consequences of flooding and drought, 
 Reducing the emission of hazardous substances.

Preventing pollution of water means achieving one of the basic principles of 
sustainable development. 

Introduction 
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 EU  legislation

Building on a tradition of water protection legislation since the 1970s, the European 
Union has now in place three main pillars addressing nutrients in aquatic ecosystems. 

 the Directives on urban waste water treatment and on nitrates pollution from agricultural 
sources from 1991, and 

 the ‘flagship’ of EU water policy and legislation, the Water Framework Directive of 2000.

Whilst the first two are addressing key sources of nutrients pollution at the source, 
waste water from municipal and industrial sources, the Water Framework Directive has 
expanded EU water policy to all waters and addresses all sources of impacts. 

Introduction 
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Wastewater treatment plant

After the water has been used, it enters 
the wastewater stream. It flows through 
the collection system and eventually 
reaches the wastewater treatment plant.
Upon reaching the plant, the flow
first encounters preliminary treatment. 
Preliminary treatment is followed by 
primary treatment, then secondary 
treatment, and perhaps advanced or 
tertiary treatment. 
The solids or “sludge” removed from the 
wastewater stream also needs to be 
treated. 
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Wastewater treatment plant

Preliminary treatment processes are the first processes that the wastewater encounters. 

• This typically involves flow 
measurement so that the operator can 
quantify how much wastewater is being 
treated. 

• Flow monitoring is commonly followed 
by screenings removal. Screenings 
(materials and large foreign objects) can 
be removed using bar screens and other 
devices designed for this purpose. 

• The next process in preliminary 
treatment is grit (inorganic material such 
as sand, gravel, eggshells, etc.) 
removal.  

Preliminary treatment commonly includes raw sewage pumps. These raw sewage
pumps deliver the flow to the next phase of treatment: Primary Treatment.   
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Wastewater treatment plant

Primary treatment is a physical settling process that removes solids. 

Wastewater that enters the primary settling 
tank is slowed down to enable the heavier 
solids to settle to the bottom. Lighter 
materials, will float to the top of the tank. 

Settling tanks are designed with 
mechanisms to remove both the settled 
solids, as well as the floating solids. 

Primary treatment generates primary 
sludge. The sludge is removed and pumped 
to the solids treatment process for ultimate 
removal. 

The wastewater still has solids remaining after primary treatment. These solids are either dissolved or 
suspended. These dissolved and suspended solids are removed through the next phase of 
treatment: Secondary Treatment.   
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Wastewater treatment plant

Secondary Treatment is a biological treatment process used to stabilize the dissolved 
solids.  

There are many different kinds of secondary 
processes that can be employed. 

A very common secondary process is known 
as activated sludge. In activated
sludge treatment, the wastewater is mixed
with organisms that are returned from the
secondary clarifiers. There is a continuous
return of organisms from the secondary
clarifiers. This is called return sludge or 
return activated sludge.   

A variation of the activated sludge process that is becoming more popular is known as Sequential 
Batch Reactors (SBR’s). This process differs from the more conventional activated sludge systems 
in that it uses the aeration tank also as a settling tank.  
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Wastewater treatment plant

 Lagoon systems are also a form of biological or secondary treatment. These lagoons systems 
are used where there is a lot of land available and/or the wastewater flows (quantities) are low. 
Lagoons are constructed with lined earthen bottoms and are less expensive to construct than are 
activated sludge processes that use concrete tanks. Limitations of lagoons may include excessive 
algae growth (solids violations) and poor performance in the winter.

 Another type of secondary treatment is known as fixed film processes. Fixed film processes 
consist of two types: Trickling Filters or Rotating Biological Contactors (RBC). Trickling filters are 
sometimes called Bio Towers. 

 Intermittent sand filters are employed in some smaller applications. As wastewater passes 
through the filter bed, solids are removed. Microorganisms grow in the removed solids layer and 
provide biological treatment of the wastewater as it flows through the sand bed. The sand will 
need to be replaced at some point in time. Additionally, these sand filter systems generally 
perform poorly in the winter.

All of the secondary treatment processes produce biosolids. These biosolids are pumped 
to the solids treatment system for further processing.

Different kinds of secondary treatment  processes
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Wastewater treatment plant

After Secondary Treatment 

 In many plants, the next process is called disinfection. Disinfection means the 
inactivation of disease-causing organisms. It is sometimes confused with sterilization 
which means the killing of all organisms. In disinfection, the wastewater following 
secondary treatment is usually treated in one of two ways:  
• chlorination or  
• ultra-violet radiation.

 Some treatment plants may be required to remove nutrients (nitrogen and phosphorus) 
due to the possible negative impacts on the receiving stream (e.g., ammonia toxicity to 
fish). Advanced treatment processes are used to remove nutrients, additional solids, 
and/or biochemical oxygen demand. Advance treatment provides a very high level of 
treatment that goes beyond secondary treatment. In the case of nitrogen removal, the 
processes are biological. For phosphorus removal, chemical additives are normally 
required. 
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Wastewater treatment plant
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Wastewater treatment plant

 Where do all the solids go?  

Solids that settle out in the primary and secondary clarifiers are referred to as sludge. 
Sludge from biological treatment processes (e.g., activated sludge) are referred to as 
biosolids. Sludge is the byproduct of treating the liquid wastewater. Proper solids handling 
is of paramount importance. There are many different options available for sludge 
treatment and handling. Local conditions usually dictate which option is best for a 
particular facility. General categories of sludge handling include digestion processes, 
hauling of liquid sludge to a larger treatment plant, thickening, dewatering by mechanical 
means (belt filter presses, centrifuges), incineration, land filling, and land application. 

 Where does the water go after treatment?  

The treated wastewater is referred to as effluent. The effluent is discharged to a water 
body such as a lake, river, stream, or groundwater.



UKLO
St. Kliment Ohridski University

WamPPP
561821-EPP-1-2015
EPPKA2-CBHE-JP

Nis, May 2018

The SBR technology for wastewater 
treatment

 Sequencing batch reactor (SBR) is a fill-and-draw activated sludge system for 
wastewater treatment. It operates in a true batch mode with aeration and sludge 
settlement both occurring in the same tank. SBR systems have been successfully 
used to treat both municipal and industrial wastewater. 

 According to a 1999 U.S. EPA report, an SBR is no more than an activated-
sludge plant that operates in time rather than space.  

 Differences between SBR and conventional continuous-flow activated sludge 
system 

 Aeration and sedimentation/clarification processes are carried out in both systems. In 
conventional plants, the processes are carried out simultaneously in separate tanks. In 
SBR operation the processes are carried out sequentially in the same tank

 SBR system can be designed with the ability to treat a wide range of influent volumes
whereas the continuous system is based upon a fixed influent flow rate. Thus, there is 
a degree of flexibility associated with working in a time rather than in a space sequence
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The SBR technology for wastewater  
treatment
 The first application of SBR technology dated from more than 60 years ago as a so 

called oxidation pit.

 It was abandoned because of some deficiencies like: difficulties in a control of the 
sludge and the effluent secondary pollution as a consequence.  The time shows that 
these deficiencies can be neglected in a comparison with savings that the construction 
of a single tank gave, especially for smaller plants. 

 With their growing popularity in Europe and China as well as the United States, SBR 
systems have been successfully used to treat both municipal and industrial 
wastewater, particularly in areas characterized by low or varying flow patterns. 
Municipalities and a number of industries are using SBRs as practical wastewater 
treatment alternatives. 

 Improvements in equipment and technology, especially in aeration devices and 
computer control systems, have made SBRs a viable choice over the conventional 
activated-sludge system 
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The SBR technology for wastewater 
treatment  
Physical Description of the SBR System 
Each operating cycle of a SBR reactor comprises five distinctive phases, referred to as: 
FILL, REACT, SETTLE, DRAW and IDLE phases. 

 Fill - wastewater fills the tank, mixing 
with biomass that settles during the 
previous cycle. Depending upon the 
treatment objective, the fill may be 
static, mixed or aerated.  

 React - air is added to the tank to aid 
biological growth and facilitate 
subsequent waste reduction. During 
this phase, no wastewater enters the 
basin and the mechanical mixing and 
aeration units are on.

 Settle - mixing and aeration stop 
during this stage to allow solids to 
settle to the bottom of the tank 

SBR reactor during one complete cycle
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The SBR technology for wastewater 
treatment  
Physical Description of the SBR System 
Each operating cycle of a SBR reactor comprises five distinctive phases, referred to as: 
FILL, REACT, SETTLE, DRAW and IDLE phases. 

 Decant - clarified treated effluent 
(supernatant) is removed from the 
tank. No surface foam or scum is 
decanted.  

 Idle - if necessary, sludge removal 
occurs during this stage. During this 
phase, a small amount of activated 
sludge at the bottom of the SBR basin 
is pumped out—a process called 
wasting. This step occurs between the 
decant and the fill phases. The idle 
period is used when the system is 
waiting for enough effluent to process.

SBR reactor during one complete cycle
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The SBR technology for wastewater 
treatment  
Physical Description of the SBR System 
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The SBR technology for wastewater 
treatment  
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The SBR technology for wastewater  
treatment

 Equalization, primary clarification (in most cases), biological treatment, and secondary 
clarification can be achieved in a single reactor vessel.

 Operating flexibility and control.  
 Minimal footprint.
 Potential capital cost savings by eliminating clarifiers and other equipment 

Advantages of SBR 

 A higher level of sophistication is required (compared to conventional systems), especially for 
larger systems, of timing units and controls.

 Higher level of maintenance (compared to conventional systems) associated with more 
sophisticated controls, automated switches, and automated valves.   

 Potential of discharging floating or settled sludge during the DRAW or decant phase with some 
SBR configurations.

 Potential plugging of aeration devices during selected operating cycles, depending on the 
aeration system used by the manufacturer 

 Potential requirement for equalization after the SBR, depending on the downstream processes

Disadvantages of SBR 
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 Plant description

The dimensioning of a wastewater treatment 
plant is a responsible and complex process. 
This process involves a large number of 
relevant parameters. 
The dimensioning of the existing pools, where 
the process of oxidation of organic matter as 
well as the processes of nitrification and 
denitrification will be carried out, was done on 
the basis of the given project parameters, 
such as: wastewater flow, reduction of BOD5, 
organic load of water in the biological part, 
organic load of treated water expressed as 
BOD5, water column height, SBR reactor 
volume, bioactive sludge concentration in SBR 
reactor, specific sludge production, sludge 
production, specific amount of oxygen 
required in the SBR. 

Case study 
Hydro-mechanical equipment
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 Plant description

The wastewater treatment process 
involves a several successively connected 
technological processes: 
 preparation and primary treatment

(rough screens, primary decanter, 
equalization pool); 

 biological treatment (SBR system with 
denitrification and nitrification 
capabilities), and 

 secondary decanter

Case study 
Hydro-mechanical equipment
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 Plant description

Primary sedimentation and equalization
Before entering into the SBR, the 
wastewater influent passes through a 
rough and fine screens, and then it 
enters into the first part of the basin for 
primary sedimentation. Suspended and 
colloidal particles are settled there. 
Further, through gravity path the water 
goes to other part of the pool – the part 
of the pool for equalization. Once a year, 
the suspension of colloidal particles 
(sludge) is cleaned from the first part of 
the basin for primary sedimentation, 
when it is pumped out and deposited in a 
container.

Case study 
Hydro-mechanical equipment
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 Plant description

SBR (Sequencing batch reactor)
After the hydraulic and organic equalization 
processes, the water from the equalization 
basin is pumped to the SBR system. The bio-
oxidation process with the nitrification of organic 
material present in the water begins by 
automatically activating of the aeration system. 
After bio-oxidation processes, the aeration 
system is switched off and the denitrification 
process begins with deposition. Supernatant, 
i.e. water above the settled sludge is pumped to 
the recipient. The excess sludge is pumped to 
the sludge pool1 to 2 times a month. On 
investor request (although this is not a practice 
in western countries), the treated water is 
chlorinated before it has been discharged into 
the recipient. 

Case study 
Hydro-mechanical equipment
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 Plant description

Decanter 

From the biological zone, the treated 
water is pumped into the decanter. 
The sludge is stabilized in the decanter 
within a month, and then it is removed 
from the decanter by using tank truck. 
Stabilized sludge can be used as an 
organic fertilizer (using chemical 
analysis), can be composted or 
deposited in the nearest landfill (not 
recommended). 

Case study 
Hydro-mechanical equipment
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 Hydro-mechanical equipment

At the considered wastewater treatment plant, 
there are two separate entities of different 
material depending on the process that is 
performed in a particular part.  
From the viewpoint of hydro-mechanical 
equipment, wastewater purification station type 
SBR implies a number of hydro-pumps, which 
mainly work as sunken hydro-pumps. 
The selection of the equipment used in the plant 
is made on the bases of the plant capacity, as 
well as the time needed for realization of each 
process. 
Nine pumps, one compressor and 44 diffusers 
are needed for proper operation of the plant. The 
application of centrifugal and sunken pumps 
from „Lowara”, compressor from „FPZ” and 
diffusers from „Tecnecoservice s.a.s” are 
proposed.

Case study 
Hydro-mechanical equipment
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 Hydro-mechanical equipment

The inlet pump (P1) pumps out wastewater from 
the collecting manhole no. 2 through rough and 
fine screens into the first part of the basin for 
primary sedimentation, where the primary 
settling of sand and other particles takes place. 
In this section, the sludge is removed using a 
sunken pump (P2) 1-2 times per year, and it is 
pumped into a container located outside the 
pool. 
The capacity of the P1 pump is dimensioned to 
ensure maximum hydraulic retention time 
(HRT). 
In the pool, low and high water level switches 
are installed, which switched on and off pumps 
no. 3. From this pool, water is transferred to an 
overhead container by using 3 sunken pumps 
(P-3).

Case study 
Hydro-mechanical equipment
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 Hydro-mechanical equipment
In the container, biological treatment, i.e. 
aeration is performed by using a compressor 
and diffusers. The process duration is controlled 
by the timer. 
During the day, excess sludge is pumped into 
the sedimentary pool by a sunken pump (P-4). 
After a certain time, the surface water is ejected 
into the recipient using the pump (P-6). Low and 
high water level sensors are used to control the 
operation of this pump. Before discharging in 
the outlet manhole, the water is chlorinated 
using a dosing pump (P-7). 
The sludge from the decanter is discharged 
several times during the month using the 
intended tank in which disinfection is done by a 
specific amount of sifted lime (calcium 
hydroxide). The excess water from the decanter 
is pumped by sunken pump (P-5) into the 
equalization basin.

Case study 
Hydro-mechanical equipment
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 Hydraulic calculations and equipment 
selection

Calculation and selection of pumps 

Hydraulic calculations and selection of the pumps were carried out 
by the following procedure:
The pipeline characteristic was determined for each pipeline and 
the corresponding pump. The pump operating point, i.e. the head 
and the discharge of the pump, is determined as the cross section 
point of the pipe characteristic and pump characteristic. These 
values are compared with the given nominal values, so the correct 
selection of the pump is achieved. In addition, from possible 
choices of different pumps, it was taken into consideration the 
pump operating point to be in the pump optimal operating area, 
which is especially important from the view point of the plant 
energy efficiency. 

Case study H-Q Pump Curve and  System Curve 
of individual pump and pipeline

PUMP 1

PUMP 2
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 Hydraulic calculations and equipment 
selection

Calculation and selection of pumps 

More specifically, the calculation process starts with the data on the 
desired flow rate (qv), pump head (H), pipe length (L) and pipe 
diameter (d), as well as the equivalent absolute roughness (Δe) of 
the pipe and the kinematic viscosity (υ) of the water. The 
characteristics of the pipelines are determined using the specific 
energy equation: 

𝐸 𝑔𝐻 𝑚𝑞 [J/kg] 
i.e. the head equation:

𝐻 𝐸/𝑔 [m] 

𝑚
·

∑ 𝜍 𝜆 [Js2/m6kg]  

Case study H-Q Pump Curve and  System Curve 
of individual pump and pipeline

PUMP 3

PUMP 4
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 Hydraulic calculations and equipment 
selection

Calculation and selection of pumps 

For the given data, the calculations have been made for several 
points within the pump operating area, i.e. for different flow rates, 
and the characteristic of the pipeline has been drawn using them. It 
should be noted that the Reynolds number and the corresponding 
pipeline coefficient m have been determined for each point of the 
calculations due to get more precise calculation.
The cross section of the pipe characteristic curve and the pump 
characteristic curve gives a pump operating point. It is determined 
for each pump. 

Case study H-Q Pump Curve and  System Curve 
of individual pump and pipeline

PUMP 5

PUMP 6
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 Hydraulic calculations and equipment selection

Calculation and selection of pumps 

The following pumps were chosen using the above described method:
Pump 1. - DOMO 10 T (𝑛 2850 min ) 𝑞 360 l/min, 𝐻 5 m 
Pump 2. - DOMO 7 (𝑛 2850 min ) 𝑞 190 l/min, 𝐻 4.9 m 
Pump 3. - DL 160 (𝑛 1450 min ) 𝑞 990 l/min, 𝐻 5.5 m 
Pump 4. - DOMO 7 (𝑛 2850 min ) 𝑞 220 l/min, 𝐻 4.3 m 
Pump 5. - DOMO 7 (𝑛 2850 min ) 𝑞 195 l/min, 𝐻 5 m 
Pump 6. - FHS4 100-200/40 (𝑛 2850 min ) 𝑞 2950 l/min, 𝐻 3.7 m 

Standard MP 10-10 pump with 𝑞 10 l/h, 𝑝 10 bar and 𝑃 69 W is selected as a dosing 
pump for chlorination of the sludge. 

Case study 
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 Hydraulic calculations and equipment selection

Calculation and selection of diffusers 

The number of diffusers is adopted to be 44, and it was adopted on the basis of following 
parameters: oxygen demand in the process (5 mgO2/l), air demand in the aeration process 
(180m3/h), capacity of one diffuser (4 m3/h). Membrane diffusers were selected. 

Choice:  membrane diffusers from 
TECNECOSERVICE s.a.s type AEROFLEH AFD 270 
Diffuser AFD 270
Connection 3/4 " M
Diameter 270 mm
Perforation 6600
Aeration area 0,038

Case study 
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 Hydraulic calculations and equipment selection

Compressor selection 

For the given air flow 𝑞 180 m3/h and maximum overpressure up to 400 hPa, the compressor 
with capacity of 𝑄 414 m3/h and 𝑃 9.5 kW and was selected. 

Choice:  Compressor:  FPZ  type SCL K07 model K07-MC 
max  flow 414 m3/h
Install power 9,5 kW
max overpressure  400 hPa

Case study 
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Conclusion

 The selection of the hydro-mechanical equipment for wastewater treatment 
plants, especially for smaller ones, often is left to the producer or to the 
equipment supplier, and the selection is made without preliminary hydraulic 
calculations. 

 Commonly, this problem is not treated as it deserves resulting into 
inadequate choice of hydro-mechanical equipment, especially for the 
pumps. In the most cases, the choice is:  equipment with higher 
performance than needed once. Certainly,  this equipment will provide 
correct operation of the plant, but, on the other hand, the electricity 
consumption and expenses will be much higher.

 The aim of this presentation is to point out the significance of correct 
engineering approach to hydro-mechanical equipment selection, which 
should be based on appropriate hydraulic calculations. 



Questions and 
discussion

Thank you for your 
attention


