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TECHNICAL DESCRIPTION    
 

 

 

 
CLIENT: 

 
 

 
CONTACT PERSON: 

 
 

 
ADDRESS:  

 
 

 
TREATMENT TYPE 
 

 
Biological waste water plant for civil 
discharge (on skid) 
 

 
TOTAL FLOW: 

 
150 m³/day  
 

 
 
Panta Rei S.r.l. thanks you for your kind offer request; we are at your disposal 
for any additional information or clarification that you may need, 
Yours sincerely, 

 
 
 

PANTA REI S.r.l. Water Solutions 
Eng. Felice Iracà 
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WASTE WATER BIOLOGICAL TREATMENT PLANT  
CONTAINERIZED 

 
 

 
BIOLOGICAL PROCESS 

 

 
Wastewater, especially domestic wastewater, has an extremely varied amount of 
dissolved and suspended substances. For the wastewater treatment plants design it is 
not always necessary to know the concentration of the single substances, but, 
especially for the urban wastewater treatment plants, it is possible to characterize the 
water through a few non specific magnitudes: the organic load, the hydraulic load, and the 
solids load. 
 
The urban wastewater has a composition that does not vary radically from case to 
case; in fact, in the wastewater it is always present the same kind of substances: 
proteins, carbohydrates, fats, surfactants and other substances which are totally or 
partially biodegradable. For all these substances the knowledge of the single 
concentrations is not necessary for the practical purposes, but it is vital to know their 
total quantity; the parameter that defines this magnitude is the organic load (OL), 
which expresses the amount of oxygen that is necessary for the wastewater to perform 
the biological purification of the pollutants contained in it. Precisely the OL is 
measured as kg BOD5/day and is obtained by multiplying the hypothesized daily 
wastewater flow by its correspondent BOD5 value. 
 
The wastewater daily flow is called hydraulic load, this parameter is obtained through 
the determination of the equivalent inhabitants that influence the considered 
treatment plant; the knowledge of the hydraulic load value allows us to obtain the OL 
value and to perform the design of the wastewater treatment plant from the fluid 
dynamics point of view.  
 
Another vital aspect is the amount of solids in the wastewater, called solids load, which 
can be classified according to some of their characteristics. The main solids fraction is 
represented by the total solids, whose concentration can be determined analytically by 
drying up a certain amount of wastewater. The total solids can be divided in 
suspended solids and dissolved solids; the suspended solids determination is defined 
by the fraction of solids that does not pass through a 0.45 µm filter; moreover, those 
solids can be divided in settleable solids, therefore removable through sedimentation 
processes, and non settleable solids, which would require very high sedimentation 
times and thus are not compatible with the regular sedimentation systems. The non 
settleable suspended solids can be removed through filtration processes and also in 
the biological purification phase. The dissolved solids fraction, which is about 50% of 
the total solids, is usually removed through biological processes or through the 
absorption through a packed bed. 
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Finally, it is necessary to know the amount of some specific substances; for example 
the so called nutrients, or rather the nitrogen and phosphorus compounds, which are 
responsible for the eutrophication phenomena of the surface water. Those substances, 
which are necessary for the life of the biomass used in the purification process, should 
be accurately screened in order to avoid dangerous releases to the environment in 
which the depurated wastewater is discharged.   
 
The purification processes of the domestic wastewater are formed by a series of 
different treatments, each of which is used for the removal of a specific fraction of 
pollutant; typically the sequence of the purification process phases is: screening, sand 
removal, eventually an oils and fats removal, primary sedimentation, biological 
oxidation, secondary sedimentation, filtration and disinfection of the depurated water. 
Each of the aforementioned phases usually corresponds to a specific device; this does 
not happen in the innovative purification systems category, to which the proposed 
purification system, which will be described in the following pages, belongs.  
 
 

 
“FF system” PURIFICATION SYSTEM 

 

 
The purification process FF system (Fig.01) has been conceived in order to obtain a 
versatile, efficient and flexible system which is able to manage all the problems that 
are typically found in a biological purification process. The system has the following 
process phases: 
 

1. Screening 
2. FF treatment 

 
The peculiarity of this innovative biological purification process is the FF treatment, 
this wastewater treatment system embodies in a single device the primary 
sedimentation, oils and fats removal and biological purification operations, reducing 
significantly the plant complexity of the wastewater purification line and thus 
increasing the economy of the process. 
 
The different phases of the FF System biological purification process will be described 
below: 
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Fig.01- FF system block diagram 
 
 

 
SCREENING 

 

 
The screening, in this case, is a coarse screening, which belongs to the preliminary 
treatments that the water needs before any other treatment. The objective of the 
screening is to make the water suitable to be sent to the subsequent operations, 
removing all the matters that might damage the equipment, especially the small rocks, 
wood, paper and plastic fragments as well as the fibrous matters are removed. 
 
In this particular case a rotating self-cleaning brush screen is used (Fig. 02), which is 
able to remove matters that with a size close to 10mm. The foreign matters which are 
removed by the screen are accumulated in structures from which they can be 
extracted, dewatered and compacted through cochlear or oleodynamic compactors. 
The crossing speed of the wastewater through the screen is kept at about 0.8 m/sec in 
order to guarantee the proper operation of the equipment; in fact, working at higher 
speeds the more coarse solids can be blocked between the screen meshes therefore 
worsening the performance, and lower speeds can lead to the sedimentation of the 
fine solids, therefore complicating the operation of the equipment, which is not 
designed for the removal of such dimensions. 
 
The water that is so treated is send to the subsequent purification phase, which is the 
FF system. 
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FF TREATMENT 

 

 
As mentioned before, the FF treatment (Fig.03) puts together, in a single device, the 
operations of oils and fats removal, biological oxidation and sedimentation. 
The wastewater sent to this equipment and first goes through a floatation process, a 
dissolved air floatation (DAF). This kind of treatment plant is used for the primary or 
secondary water treatment, with excellent results. The DAF is a process where an 
elevated number of air bubbles is introduced in a liquid mass that is to be treated. The 
air bubbles have a diameter between 50 and 80 µm. The bubbles, thanks to their small 
size, adhere to the solid particle thus modifying its specific gravity down to values of 
0.4 – 0.6; therefore the flake is pushed upwards due to the Archimedes force and 
reaches the liquid surface creating a stable foam layer. It is necessary to emphasize the 
importance of the bubbles size regarding the average volume of the flakes, they have 
to be of the same order of magnitude so that the bubble stays adhered to the solid 
particle during all the way towards the liquid surface; in fact, if the bubble were much 
bigger than the flake the speed upwards would be too high and it would break up the 
solid agglomerate thus decreasing the solids removal efficiency. Due to the 
aforementioned cause, the air flow sent and the introduction conditions have to be 
determined carefully, in order to obtain the aeration characteristics that better suit the 
kind of wastewater that is to be treated. In the dissolved air floatation process, the air 
is introduced in the liquid mass through a pressurized recirculation process, which is 
able to obtain an optimal saturation of the recirculation flow, in order to guarantee the 
continuity and homogeneity of the treatment yield. The saturation system is generally 
fed by a fraction of the clarified flow, the working pressure is about 4-5bars and the 
saturation level reached is about 90%. The working flow can be regulated between 
20% and 100% of the nominal capacity of the equipment. 
During the floatation process, a moving blade collects and removes the surface foam, 
where the floated polluting substances are retained. 
The floatation process, besides removing efficiently the non settleable suspended 
solids, decreases the COD, BOD as well as the natural or synthetic oils and fats, 
surfactants and solvents. 
Following the floatation phase, according to the fluid dynamics of the equipment, the 
wastewater is sent to the biological oxidation section, which is located in the central 
part of the equipment. During this procedure, as in a regular activated sludge 
treatment system, most of the pollutants of the wastewater in the settleable and non 
settleable suspended solids are removed. The biological treatment section is of the 
immobilized biomass type, this technical solution allows a close contact between the 
pollutant and the microorganism, allowing high pollutant removal yields. The 
biomass is retained inside the device thanks to the presence of a polymeric packs 
layer, having such superficial porosity characteristics to allow the adhesion of the 
microorganisms. As in all the immobilized biomass process, thanks to the packs 
presence, the biomass undergoes a “filming” process, where only the active 
microorganisms stay adhered to the support and the deceased fraction is 
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automatically washed away from the plant. Besides the adhered biomass a disperse 
biomass is formed, which is able to assimilate the substances which are not retained 
by the immobilized fraction. The microorganisms mass that leaves the packs, which 
consists on adhered mass that is not active anymore and disperse biomass, is routed to 
the bottom of the equipment, assimilating sediments. The biological purification stage 
is able to work under aerobic conditions without a specific aeration system, since the 
floated liquid mass has an oxygenation level which is high enough as to allow the 
performance of the metabolic processes of the microorganisms. 
The biological treatment system foresees a partial sludge recirculation, of about 20% 
of the total mass, this way the wash out is avoided and important nutrients are 
provided to the active biomass. The nutrients that are reintegrated through the 
recirculation are originated mainly through the cellular lysis of the deceased biomass 
released during the aforementioned filming process. The wastewater put through the 
biological purification process, at the end of it, is sent to the packed bed filtration 
process.  
The settleable solids that escape the floatation phase and go through the biological 
purification stage are sent by gravity to the bottom of the device, in this section a 
sedimentation process takes place, which includes both the aforementioned solids 
and the biomass that was released from the layer / support. The sediments mass is 
removed from the device through a sludge extraction system and, as described before, 
20% of it is recycled to the biological treatment section, while the remaining 80% of the 
sediments is sent to the sludge treatment line and disposed of according to the nature 
of the sediment. 
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Fig.03 – FF treatment 
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QUARTZ SAND FILTRATION 

 

 

The wastewater in the biological treatment outlet is sent to an accumulation tank and 
then to a filtration phase through a packed bed. The kind of filter used in the FF 
system corresponds to a quartz sand filter operating under pressure (Fig.04). In the 
treatment plant there is a twin battery of filtration devices, in order to allow the 
continuous operation of the filtration stage. A technical solution of this kind is 
necessary, since the sand filters belong to the discontinuous filters category, a type of 
equipments which are not able to perform the filtration continuously over the time; on 
the other hand, despite the discontinuity of the operation requires a twin filtration 
battery, the sand filter is the most suitable device in this treatment context, or rather 
cases in which it is necessary to filtrate high water volumes with a reduced solids 
content. 
In this kind of filters the filtering bed is generally formed by materials of different 
nature and decreasing size from bottom to top, where the layer with the bigger size, 
located at the bottom of the filter, has a structural function as it functions as the 
support of the superior layers. The different bed sectors have matter sizes which are 
as uniform as possible so that the formation of preferential ways is avoided, which 
have less resistance compared to the others. It is important to precise that the effect of 
the packed bed is not only a mechanical action where the particles having a bigger 
diameter than the interstices left by the sand, in fact, in the process there are also 
electrical attraction phenomena, Van der Waals forces, mutual absorption, etc. thanks 
to which it is possible to retain particles whose size is much smaller than the 
interstitial space.  
The packing, according to the kind of wastewater to be treated, can be made out of 
quartz sand of the proper size, mixed sand with triturated glass, wool glass (in case 
eventual oil traces are to be retained), bauxite, coke and limestone.  
Usually the sand filter is used downstream a sedimentation system in order to avoid 
the fast saturation of the device. In fact, this kind of filters is discontinuous because 
they require the regeneration of the filtering beds once saturated by the retained 
particles. That is why they are set in batteries of more than one unit, connected in such 
a way that each element can be excluded from the active filtration phase to be put 
through the backwash operations. Such regeneration process is performed by sending 
liquid to the filter in inverse flow to the filtered water flow, with enough speed as to 
re-mix and fluidize the different layers of the filtering bed and eliminate the particles 
that were retained in the filtration phase. In this specific case, the backwash fluid of 
the filtering bed comes from the same liquid mass that is to be filtered; this practice is 
commonly used since it allows an optimal removal of the retained sediments without 
using high purity water, which would make the process less economical. The 
backwash operation is usually performed with flows that are 6 – 8 times the regular 
running flow, making sure to perform the final part of the backwash at a decreasing 
flow in order to allow the gradual stratification by gravity of the filtering bed 
components; this way the original bed layers are restored. The backwash liquid that 
exits the filter is sent back to the FF treatment in order to put the collected pollutants 
through the purification process.   
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Fig.04 – Sand filter 

 

 

 

STERILIZATION 

 

 

Sterilization is an essential operation in a great number of applications, but for sure its 
most significant field of application is the treatment of water for human use and the 
treatment of the domestic wastewater that have undergone a biological purification 
process. In fact, in all the domestic wastewater treatments it is vital to know the 
pathogen microorganisms load, both for the application of the appropriate removal 
techniques and for the protection of the personnel, which anyway should have 
periodical vaccinations.   

Sterilization can be carried out through chemical methods, such as the treatment with 
chlorine compounds and ozone, or through physical methods, such as the ultraviolet 
rays radiation and the thermal sterilization. Chemical treatments imply the use of 
adequate reagents, which also imply a series of problems regarding the supply, stock 
and use of the same; the physical treatment are more technologically sophisticated but 
also lead to better results than the other methods. Excluding the possibility of a 
thermal sterilization treatment, which is expensive and is destined mostly to small 
volumes for biotechnological applications, the best technological solution is the 
sterilization through the ultraviolet radiation. In fact, this kind of treatment turns out 
to be particularly suitable for the treatment of medium liquid flows, obtaining, 
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without particular difficulties, sterilization levels that are almost total. UV sterilization 
is carried out putting the water through radiations of adequate wave length which are 
able to destroy the key molecules for the metabolic processes of the microorganisms, 
such as tryptophan, phenylalanine or tyrosine. For this application, low pressure 
mercury lamps are used, which quartz coating for the thermal shock protection, 
located in appropriate reactors that allow high irradiation efficiency. The intensity of 
the incident radiation, and thus the efficiency of the treatment, is influenced by the 
presence in water of colored substances or residual suspended solids; in order to 
avoid the radiation reduction the photo reactors should work with thin water layers, 
thus the necessity to operate with systems having an elevated number of lamps 
arranged in parallel. The wastewater is sent into a tubular photo reactor; inside it the 
liquid mass is attacked by the radiation of several UV lamps, which can treat high 
flows keeping the sterilization level in the desired range. 

In this specific case, a treatment plant of high radiant intensity will be used (Fig.05), 
which is able to treat the whole process flow keeping an almost total sterilization 
level. 
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Fig.05 – Photoreactor for UV sterilization 

 

 

CONCLUSION 

 

 

As a result of the previous treatment, the wastewater purification line FF system 
achieves a high purity degree of the released water; the plant complexity is minimal, 
allowing an easy plant management and maintenance. The energetic needs of the 
system are reduced thanks to the condensation of the stages of oils and fat removal, 
biological oxidation and sedimentation into a single device. The adoption of a 
biological purification system with immobilized biomass leads to the minimization 
the number of microorganisms that are released from the system and therefore it also 
minimizes the requirements of recirculation sludge, especially compared with a 
traditional activated sludge treatment. The positioning of the biological treatment 
section immediately after the floatation stage makes it possible to take advantage of 
the residual aeration following the oils and fats removal for the biomass aerobic 
processes, improving the treatment plant economy.  
 

 

 


