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SUMMARY IN SWEDISH  

Denna avhandling syftar till att studera möjligheten att använda en flotationsenhet som 

den primära behandlingsprocessen för kommunalt avloppsvatten. Syftet är också att 

undersöka de optimala parametrar som är nödvändiga för att utnyttja behandlat vatten 

för bevattning och produktion av biogas från producerat slammet. Arbetet utfördes på 

inkommande kommunalt avloppsvatten från Hammarby Sjöstad. Behandlingsprocessen 

innefattar agglomerering som är bildningen av fast bundna primära partiklar genom 

kollisionsprocesser. Agglomerering utgörs av destabilisering och en transportprocess 

som är indelad i koagulering och flockbildning. Dessa mekanismer sker parallellt och 

utlöses i allmänhet av förändringar i salt eller pH-koncentrationer och tillsats av 

polymerer. Ett metallsalt, polymeriserad aluminiumklorid (PAX XL36), och två 

flockningskemikalier, en polymer med hög molekylvikt (HM) (SNF Nordfloc C-192) 

och en polymer med låg molekylvikt (LM) (Purfix 120) användes som flockningsmedel. 

Valet av dessa kemikalier byggde på tidigare studier av flockningskemikalier 

(Larsson, 2006). Förutom de kemikalier som behövs för flockbildningen, används en 

luftflotationsenhet DAF (Dissolved Air Flotation)som tillför tryckluft nödvändig för 

flockflotation. Optimering innebär att uppnå bästa kvalitet av behandlat vatten som kan 

återanvändas och maximal slamproduktion. Detta uppnås genom manipulering av 

doseringsnivåer för respektive flockningsmedel att uppnå en optimal kombination av 

flockningsmedlen. Alla experiment har utförts i pilotskaleenhet syftande till uppskalning 

till en storskalig enhet baserad på resultaten. I laboratoriet utfördes analyser av COD 

(kemisk syreförbrukning), ammonium, nitrat, totalkväve och fosfor i vattnet med Dr 

Lange kyvetter. Då främsta fokus ligger på återanvändning av behandlat vatten för 

bevattning och biogasproduktion, moduleras samtliga parametrar enligt nödvändiga 

standardkrav på vattenkvalitet är för bevattning. Med hänsyn till klimatförhållandena, 

moduleras de olika parametrarna på ett sådant sätt att under sommaren är fokus på 

vattenkvalitet på behandlat vatten som kan användas för att bevattning av växter, medan 

under den högbelastade vintersäsongen är fokus på slammaximering. 
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SUMMARY IN ENGLISH  

This thesis aims to investigate the feasibility of using a flotation unit as the primary 
treatment process for municipal waste water treatment. It is also aimed at investigating 
the optimal parameters necessary to utilize treated water for irrigation purposes and 
production of biogas from the produced sludge.  The work is carried on the incoming 
municipal wastewater from Hammarby locality. The treatment process involves 
agglomeration which refers to the formation of firmly bound primary particles by 
collision processes. Agglomeration consists of a destabilization and a transport process 
which is sub-divided into coagulation and flocculation. These mechanisms occur in 
parallel and are generally triggered by changes in salt or pH concentrations and addition 
of polymers. A metal salt namely polymerized aluminum chloride (PAX XL36) and two 
flocculation chemicals namely; a high molecular weight polymer (HM) (SNF Nordfloc 
C-192) and a low molecular weight polymer (LM) (Purfix 120) have been used as the 
flocculating agents. The choice of these chemicals was based on previous studies on 
flocculation chemicals (Larsson, 2006). Apart from the chemicals needed for flock 
formation, the DAF (Dissolved Air Flotation) unit is used which supplies compressed 
air essential for flock flotation. Optimization implies achieving the best quality of treated 
water that can be reused and maximum sludge production. It is achieved by 
manipulation of dosage levels of respective agents, thereby achieving an optimal 
combination of the flocculating agents. All experiments have been carried out on a pilot 
scale unit aimed at scaling up into a large scale unit based on the results. In the 
laboratory, analyzes were made of COD (chemical oxygen demand), Ammonium, 
Nitrate, Total nitrogen and phosphorus content in the water using Dr. Lange cuvettes. 
As the prime focus is on reuse of treated water for irrigation purpose and biogas 
production, all the parameters are modulated in accordance with the standard water 
quality requirements necessary for utilizing in irrigation. In accordance with the climatic 
conditions of the region, the various parameters are modulated in such a way that in 
summer, the quality of the treated water is emphasized as the water can be utilized for 
irrigation of plants; whereas during peak period in the winter season, sludge 
maximization is emphasized. 
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ABSTRACT  

This paper is about the studies carried out to analyze the feasibility of using an innovative 
treatment system in the primary treatment process for municipal waste water.  
Furthermore, experiments are conducted to analyze the optimal parameters for utilizing 
the treated waters for irrigation purposes and for biogas production from the recovered 
sludge.  The work is carried on the incoming municipal wastewater from Hammarby 
locality with around 30,000 inhabitants. Chemicals used in this process are, a metal salt 
namely polymerized aluminum chloride (PAX XL36) and two flocculation chemicals 
namely, a high molecular weight polymer (HM) (SNF Nordfloc C-192) and a low 
molecular weight polymer (LM) (Purfix 120). The choice of these chemicals was based on 
the recommendations made by previous studies on flocculation chemicals. These 
chemicals aid in flock formation and the DAF unit which provides compressed air, aids in 
flock flotation. The study is focused on optimizing parameters which implies minimal 
usage of chemicals and aimed to attain maximum sludge production with best possible 
treated water quality.  

All the experiments have been carried out on a pilot scale unit, designed with required 
specifications and with the foresight to scale up into a large scale unit based on the results. 
These are obtained by performing a series of analysis specifically formulated for this 
study. In laboratory experiments were carried out to analyze COD (chemical oxygen 
demand), Ammonium, Nitrate, Total nitrogen and phosphorus using Dr. Lange cuvettes. 
As the prime focus is on reuse of the treated water for irrigation purpose and biogas 
production, all the parameters are modulated in accordance with the standard water 
quality prescriptions for the water to be used for irrigation. In accordance with the 
climatic conditions of the region, various parameters are modulated in such a way that in 
summers the outcome water quality is emphasized and maximization of sludge/organic 
matter is emphasized during winter season.  

Key words:  Flotation unit, Primary treatment, Irrigation, Biogas, Sludge, Metal 
salt, Polymer, Flocculation chemicals, Flocculation, COD, Cuvette. 

INTRODUCTION  

The quest for sustainable innovations and advancements in water treatment 
technologies is on the rise and has been identified as one of the prerequisites 
for healthy living now and for generations to come. The usage of water for 
various purposes is on the rise whereas the sources are fast depleting due to 
various manmade and natural changes in the environment. Irrigation which 
is a source for food production, energy which runs the world and 
sustainability are the motivating factors and form the aim of the present 
work.  

Water is one of the most vital components for sustenance of life. The 
survival of every living creature on the Earth depends on its access to water. 
The water on planet Earth is purified and re-circulated in a gigantic solar 
powered water cycle. Of all the water on Earth, 98% is salt water, 1.6% is 
ice, 0.4% is ground water and 0.004% is surface water. The availability of 
water to mankind is unevenly shared across the continents. Rapid growth of 
population, industrialization, changing global trends and relentless usage and 
exploitation of water resources for various purposes has led to an increase in 
the toxicity and contamination of surface and ground waters. The natural 
purification cycle is no longer sufficient to meet the present day water 
demands. Therefore, it is not only sufficient to treat potable water but, 
treating waste waters  before being let out into water streams such as lakes 
and reservoirs is equally important. 

The problem of contaminated waters was understood back in time of the 
Romans. In around 400BC, Romans laid the first sewer in Rome known as 
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cloaca Maxima. They succeeded by taking away the contaminated water in a 
closed system and improving the city‟s environment (Gillberg et al., 2003). 
The first places to introduce waste water treatment were the industries across 
the world, but it was not until the 1930s that the municipal waste water 
treatment became widespread.         

In the beginning these waters were only treated mechanically, as the years 
passed by, more and more sophisticated methods and treatment 
technologies have been developed. Today waste water can be purified to any 
degree required. Although advanced waste water treatment technologies 
have been developed in recent decades, the principals of mechanical, 
chemical and biological treatments have been understood and were practiced 
in different processes and purposes for at least a hundred years (Hespanhol 
and Prost, 1994). At present, with the available state of knowledge about 
various treatment processes, best of various process technologies can be 
combined to achieve maximum efficiency in waste water treatment. 

The concentration of various contents in wastewater varies fairly from place 
to place. It is usually depended on social behavior, economic aspects, type 
and scale of industries located in the particular area, climatic conditions, 
water consumption, type and conditions of the sewer system (Hellstedt 
et al., 2010). Domestic wastewater is usually the main component of sewage 
and it can be divided into two different streams based on their source. One 
is the concentrated – black water from toilets (faces, urine and flushing 
water) and the other being, diluted – grey water from bath, wash and 
kitchen. Considering the various demands and decline of resources on the 
other side, every drop of contaminated water needs to be treated for the 
sustainable growth and wellbeing of life on Earth. The water source in the 
present study is from municipal waste waters / sewage water which are a 
mix of both black and grey waters (Mohammedsaid, 2009). The 
characteristics of various parameters in different water streams are shown in 
Table 1. 

  

Table 1. Average characteristic of Domestic Waste water, Black water 
and Grey Water (Foladori et al., 2010). 
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The present study aims at developing a sustainable and feasible solution for 
waste water treatment and utilizing these treated waters for irrigation which 
is one of the vital sectors of water demand, and production of biogas. Biogas 
here refers to methane gas produced by the anaerobic degradation of sludge 
(suspended solid particles in waste water) i.e., it is a gas produced by the 
biological breakdown of organic matter in the absence of oxygen. It 
originates from biogenic material and is a type of biofuel which 
primarily comprises of methane (CH4), carbon dioxide (CO2) and may have 
small amounts of hydrogen sulphide (H2S), moisture and siloxanes. 
(Hellstedt et al., 2010) 

The feasible solution on which the present work is carried out is the 
treatment of waste water by using a flotation unit. Flotation unit is a well-
designed and pre-fabricated processing unit. In which, the suspended 
particulate matter in the waste water are removed by coagulation, 
flocculation and flotation mechanisms. 

Coagulation and flocculation mechanism in a waste water treatment process 
leads to the formation of flocks called as the sludge. Sludge is used as the 
raw material for biogas production and the outflow water devoid of this 
particulate matter can be used for various purposes. Optimum sludge 
recovery and obtaining required outflow water quality are the aspects 
emphasized in the present study.  Coagulation and flocculation on a wider 
scale can be referred to as one of the internal mechanisms of agglomeration 
(Hellstedt et al., 2010). The various stages occurring during coagulation and 
flocculation are shown in figure 1. 

Agglomeration 
Agglomeration refers to the formation of more or less firmly bound primary 
particles by collision processes between primary particles, primary particles 
and agglomerates, as well as pre-existing agglomerates. 

Agglomeration consists of a destabilization and a transport process. The 
destabilization is divided into coagulation and flocculation. In general, both 
mechanisms occur in parallel.  

Coagulation 

Flocculation and agglomeration can be achieved only after the suspension is 
destabilized. In this context, stable refers to a suspension that slightly tends 
to self-flocculate and thus settles very slowly. Unstable refers to a suspension 
that forms flocks very quickly and thus the solids settle very fast. 

Coagulation and flocculation of solid particles is caused by inter-particle 
interactions, electrostatic repulsions, Vander Waals attractions and possible 
electric or magnetic forces that act between the particles.  

These intermolecular forces can be manipulated to achieve the particular 
desired effect of destabilization by the addition of salts and/or by changing 
the pH of the suspension. 

The commonly used metal coagulants fall into two general categories. The 
one‟s which are based on aluminum, and the others that are based on iron. 
Aluminum coagulants include aluminum sulfate, aluminum chloride and 
sodium aluminate (Larsson, 2006). Iron coagulants include ferric sulfate, 
ferrous sulfate, ferric chloride and ferric chloride sulfate. Other chemicals 
used as coagulants include hydrated lime and magnesium carbonate. 

The effectiveness of aluminum and iron coagulants arises principally from 
their ability to form multi-charged poly nuclear complexes with enhanced 
adsorption characteristics. The nature of the complexes formed may be 
controlled by the pH of the system.  
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Flocculation 

Flocculation is a process which clarifies water. Clarifying implies the removal 
of turbidity or color so that the water is clear and colorless. Clarification 
carried out by causing a precipitate to form in the water which can be 
removed using simple physical methods. Initially, the precipitate forms as 
very small particles but as the water is gently stirred, these particles stick 
together to form bigger particles and the process sometimes called as 
flocculation or flock formation. It refers to the accumulation of high 
molecular weight flocculants on the surface of particles. The destabilization 
is achieved by reactive cationic or anionic groups and can be controlled by 
the pH of the suspension. Flocculants are roughly divided into natural 
organic flocculants (e.g. starch, glucose) or synthetic polymeric flocculants. 
The attachment of particles to the polymer molecules takes place by 
hydrogen bonds, electrostatic interactions, ion bonding and gel formation. 

There are two mechanisms. First, the charge mechanism for short-chain 
polymers, which attach themselves only to a particle and move its surface 
charge such that there is interaction with other particles and the other is the 
bond model in which multiple solid particles are grouped together by a 
polymer network of long-chain polymeric flocculants to agglomerate.  

 Flocks 

The final product of a well-regulated coagulation and flocculation process is 
the water in which majority of the turbidity has been collected together to 
form flocks. Clumps of bacteria and particulate impurities come together 
and form as clusters called as the flocks. The optimum flock size is 
0.1 to 3 mm.  A large flock does not settle easily and is prone to breakup in 
the flocculation basin. On the other hand very small flocks also do not tend 
to settle due to their size. Therefore, coagulant dosage and mixing speeds are 
vital in flock formation.  

 

Figure 1. Stages involved in flock formation, followed by flotation 
mechanism 
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Electrical Charges 
The chemistry of coagulation and flocculation is primarily based on 
electricity. The suspended particles are the charge carriers and the behavior 
of negative and positive charge is due to the attractions and repulsions 
between them. Like charges (two negatively charged particles or two 
positively charged particles) repel each other while opposite charges (a 
positively charged particle and a negatively charged particle) attract.  Most 
particles dissolved in water have a negative charge, so they tend to repel each 
other.  As a result, they stay dispersed and dissolved or colloidal in the water. 
So, the dispersion effect has to be overcome for the formation of flocks.   

The purpose of most coagulant chemicals is to neutralize the negative 
charges on the turbidity particles to prevent those particles from repelling 
each other. The amount of coagulant to be added to the water depends on 
the zeta potential. Zeta Potential refers to the electrostatic potential 
generated by the accumulation of ions at the surface of the colloidal particle. 
Particle charge can be controlled by modifying the suspending liquid. 
Modifications include changing the liquid's pH or changing the ionic species 
in solution. Zeta potential is a measurement of the magnitude of electrical 
charge surrounding the colloidal particles. It can also be explained as the 
amount of repulsive force which keeps the particles dissolved in water.  If 
the zeta potential is large, then more coagulants will be needed.  Coagulants 
tend to be positively charged, due to which they are attracted to the negative 
particles in the water. The combination of positive and negative charge 
results in a neutralization of charge.  As a result, the particles no longer repel 
each other. 

 

Figure 2. Step 1: Particles with same charge repel each other. Step 2: 
Positive and negative charges attract and get neutralized. Step 3: 
Neutrally charged particles attract due to Vander Waal’s forces. Step 
4: Many particles combine together to form flocks (http://water.me. 
vccs .edu/courses/env110/Lesson4_print.htm). 
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The next force which will affect the particles is known as Vander Waal's 
forces.  Vander Waal's forces refer to the tendency of particles in nature to 
attract each other weakly if they have no charge. Vander Waal's forces make 
the particles in water with no charge to drift towards each other and join 
together into a group.  When enough particles have joined together, they 
become flock. 

Thus flocculants are formed and later made to float on the surface of water 
by using air dispersion. The mechanism of making the flocks float on water 
is called as flotation. This is achieved by dissolved air flotation technique. 

Dissolved Air Flotation (DAF) 
Dissolved air flotation is one of the various techniques available to achieve 
flotation of the flocks. In this technique bubbles are formed in the DAF 
chamber by a reduction in pressure of water, pre-saturated with air at 
pressures higher than atmospheric. The supersaturated water is forced out 
trough needle-valves or special orifices and clouds of bubbles, 30 to 100 mm 
in diameter, are produced just down-stream of the constriction. 
(Bratby, 2006) 

DAF is a fast and highly efficient method for removing turbidity, color, 
suspended solids and other contaminants from water using air bubbles. 
These specially created air bubbles are first mixed with wastewater, attach 
themselves to the dissolved solids present and then separate them by making 
them float on the surface leaving clarified water behind. DAF has become 
widely accepted for use in potable water treatment, municipal wastewater as 
well as a variety of industrial applications. 

The flocks or the floating material is then called as sludge, which is the raw 
material for biogas production. The treated waters leaving the flotation unit 
are carried to further treatment processes before being utilized for irrigation.  

 

Figure 3. Displacement and Cross section of a conventional DAF 
chamber in a flotation unit (http://www.ufrgs.br/ltm/attachments/ 
150_over.pdf). 
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Turbidity Removal 
One of primary purpose of the coagulation and flocculation process is the 
removal of turbidity from water. Turbidity is the cloudy appearance of water 
caused by small suspended particles (Eugene and Weiner, 2000). Turbidity is 
not only an aesthetic problem in water.   

Water with a high turbidity can be very difficult or impossible to properly 
disinfect.  As a result, the maximum allowable level of turbidity in water is 
0.5 NTU, while the recommended level is about 0.1 NTU (Nephelometric 
Turbidity Units, a measurement for the turbidity of water). Water with little 
or no turbidity will be clear as shown in figure 4. 

In addition to removing turbidity from the water, coagulation and 
flocculation is beneficial in other ways.  The process removes many bacteria 
which are suspended in the water and can also be used to remove color from 
water. These are vital when considering reuse of treated waste water. 

In general, water utilized for irrigation essentially requires specific levels of 
phosphorus, nitrogen, ammonium, COD (chemical oxygen demand) and 
other dissolved components of water. Therefore, care has to be taken to 
maintain required levels of these components in treated water. The prime 
focus in the present study is to reduce and maintain the required levels of 
phosphorus and COD. Phosphorus and nitrogen are the major components 
of waste water. Water containing excess phosphorus content when released 
into the natural water streams causes eutrophication, which is the excessive 
addition of nutrient matter to water (Pescod, 1992). It leads to uncontrolled 
algal growth in water and causes major problems for aquatic life due to 
depletion of oxygen in water. 

Phosphate phases 
Phosphorus in raw domestic waste water usually occurs in dissolved form. 
Important groups of phosphorus compounds in wastewater are organic 
phosphates, inorganic poly and meta phosphates, and inorganic 
orthophosphates ions. Organic phosphates (with –P-O-C bounds) are 
available in wastewater in both dissolved and suspended forms. These 
compounds are mostly from plasticizers for plastics and pesticides. Organic 
phosphates constitute approximately 4% of total phosphorus and they are 

Figure 4. Beakers containing treated water with different levels of 
turbidity (http://fishschooled.blogspot.se/2010/05/turbidity-safe-
haven -for-prey.html). 
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degraded chemically and/or biologically to orthophosphates in a water 
environment. 

Inorganic polyphosphates are the basic constituents of detergents and water 
softeners, therefore these types of polyphosphates are common in domestic 
wastewater. Both phosphoric acid anions and most common 
polyphosphates dissociate easily in water (Metcalf and Eddy, 1999). 
Polyphosphates in water are unstable and eventually convert to 
orthophosphate which is the most stable form of phosphates. 

The amount of phosphorus in a typical raw domestic sewage is highly 
variable, but different phosphorus compounds have been approximately 
estimated as orthophosphate 5 mg P/l, tripolyphosphate 3 mg P/l, 
pyrophosphate 1 mg P/l and organic phosphate less than 1 mg P/l (Foladori 
et al., 2010). 

COD (Chemical Oxygen Demand) 
COD is considered to be a useful measure of water quality, which is 
commonly used for indirectly measuring the amount of organic compounds 
in water. In the present study, COD of water samples are analyzed to 
evaluate the organic matter present and thereby the potential biogas 
production is estimated. The water used for the study was the influent 
sewage water from Hammarby locality. Sewage water was collected using a 
24 hr sampler machine which is set to automatically collect samples every 
6 minutes for 24 hrs. The average concentration of total suspended solid 
(TSS) was measured to be 283 mg/L. The COD concentration of this water 
varied from day to day and throughout the experimentation period.   

Anaerobic Sludge treatment process 
Anaerobic sludge treatment process is the biological methanation process 
which is the conversion of biomass to methane under anaerobic conditions. 
The process is usually utilized in the treatment of organic wastes and 
wastewater, which aids in removal of organic matter concentration and 
produces biogas at the same time. Anaerobic treatment is a type of biological 
processes in which close-knit community of bacteria cooperate to a stable, 
self-regulating fermentation to convert organic matter to methane and 
carbon dioxide gases with several continuous, independent and parallel 
reactions. Anaerobic treatment process is being increasingly recognized as a 
sustainable, feasible and cost effective solution for sludge processing. This is 
proved by some successfully running anaerobic wastewater treatment plants 
in tropical countries and with encouraging results from subtropical and 
temperate regions as well. A schematic representation of the anaerobic 
sludge digestion process is shown in figure 5. 

The production of primary sludge is related to the amount of settle able 
solids in raw wastewater whose solids content is typically of 50-60 g TSS PE-

1d-1 or 110-170 g TSS/m3 of treated wastewater (Tchobanoglous et al., 
2003). Therefore, sludge quality characterization is mainly based on the total 
and the volatile solids present in the sludge (Ginestet and Camacho, 2007). 

Sludge Composition 
Sludge is commonly quantified with reference to analysis of TS, VS, TSS, 
VSS, total COD or particulate COD (Lahav and Loewenthal, 2000). These 
measurements are different because they take into account the different 
constituents of sludge. 

TS (Total Solids) 

It is the quantification of total solid matter in the sludge which includes 
soluble, particulate, organic and inorganic forms of solids. 
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VS (Volatile Solids) 

It is the quantification of organic solids, both in soluble and particulate form 
(Lahav and Loewenthal, 2000). 

TSS (Total Suspended Solids) 

It is the quantification of particulate solids, excluding the soluble solids of 
organic and inorganic forms. 

VSS (Volatile Suspended Solids)  

It is the quantification of particulate organic solids, excluding soluble solids 
and inorganic solids. 

Total COD  

It is the chemical oxygen demand including both particulate and soluble 
COD. 

Soluble COD  

It is the chemical oxygen demand of soluble compounds. 

Particulate COD 

It is the chemical oxygen demand of particulate compounds, which is 
estimated as the difference between total COD and soluble 
COD.

  

Figure 5. Anaerobic degradation of complex organic matter to 
methane (Lahav and Loewenthal, 2000). 
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MATERIALS  AND  METHODS 

Flotation unit  

Design and Description:                      

A flotation unit as shown in figure 6 is a specially designed processing unit 
for the treatment of waste waters. The basic concept involved is that, the 
suspended solids and particulate matter in the waste waters are made to 
form as flocks and float on the surface of water.  The unit basically 
comprises of three tanks designated for specific purposes. 

Pre-precipitation tank 
Flotation tank 
Equalization tank 

Pre-precipitation tank: 
The incoming raw waste waters from the sewage discharge are initially 
screened using a mechanical process as shown in figure 7 or a wire mesh, for 
removal of large solid matter and debris which could clog the treatment 
system. The water is then directed to individual treatment units of the entire 
treatment plant, which in this case is the flotation unit.  

The pre-precipitation tank is the first compartment through which the waste 
water enters into the flotation unit. It is the largest waste water holding 
component of the entire unit. Major physical and chemical reactions related 
to flock formation take place in this tank. It is sub-divided into 3 chambers, 
and this division is made based on the reactions that take place in the 
respective chambers due the type of dosage chemicals used and the physical 
conditions maintained. Each chamber is equipped with a motor driven 
stirrer, a doser for chemical dosage and an internal inlet and exit point. 

Chamber 1 

The incoming waste water after being screened mechanically enters into 
chamber 1. This chamber was fitted with an automatic dosing machine to 
dose metal salt into water at set intervals of time and specified quantity. The 
stirrer/flash mixer speed in this chamber was set at maximum rotating 
speed, which is usually around 18000 rpm and can vary depending on the 
motor efficiency.  

 Figure 6. Process flow scheme of the flotation unit (Larsson, 2006). 
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The incoming water flow for the present unit was set at 800 l/s. During 
flash mixing, coagulant chemicals are added to the water and the water is 
mixed quickly and violently.  The purpose of this step is to evenly distribute 
the chemicals through the water and the mixing typically lasts a minute or 
less.  If the water is mixed for less than thirty seconds, the chemicals will not 
be properly mixed into the water. This means that the parameters such as 
the inflow water and exit stream are precisely modulated, so that the water 
does not stay or re-circulate in the chamber for longer time. However, if the 
water is mixed for more than sixty seconds, then the mixer blades will shear 
the newly forming flock back into small particles. On the other hand lower 
stirring speeds make the metal salt viable to attach to differently charged 
ions present in the water, instead of the targeted suspended solids. After 
flash mixing, coagulation occurs. The metal salts react with water, forming a 
precipitate of hydroxides, called flocks, which absorb impurities and aid in 
chemical bonding. During coagulation, the coagulant chemicals neutralize 
the electrical charges of the fine particles in the water, allowing the particles 
to come closer together and form large clumps (Bratby, 2006). Thus, it aids 
in coagulation and flock formation which makes removal of impurities 
easier. The metal salt used in the present study was a polymerized aluminum 
chloride (PAX XL36) with specific composition produced by Kemira AB, 
Sweden. These waters then enter chamber 2 from the exit point present at 
the bottom of chamber1. 

Chamber 2 

The incoming water mixed with a high molecular polymer enters chamber 2, 
leaving chamber 1. Here the charge carriers which are the suspended 
particles and the coagulants are attracted even closer to form large flocks. 
The attractions occur between the oppositely charged particles. The polymer 
used in the present study was Purifix 120 which is a biodegradable organic 
polymer. It aids in flock formation by attracting the suspended solids 
together. The stirrer speed is adjusted to be moderate which is usually 
around 6000 rpm. The stirring is slow so as to maintain a steady suspension 
which results in quicker flock formation and keeps the flocks from breaking 
apart. 

Figure 7. Illustration of the screening process in primary treatment for 
removal of debris. (http://water.me.vccs.edu/courses/env108/lesson 
1_2.htm) 
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Chamber 3 

The water mixed with both polymers enters this chamber as an overflow 
from chamber 2. The rate of mixing is slower compared to chamber 2. . The 
outflow from this chamber leads to the flotation tank. At this outflow 
juncture a high molecular weight polymer is added to the waters. The 
polymer used here was Nordfloc C-192. It aids in further strengthening of 
the flocks.                 

Flotation tank 
The water mixed with metals salt and polymers enter the flotation tank from 
the bottom of the chamber. At the point of entry into the chamber, 
compressed air coming from the needle valves of dissolved air flotation 
(DAF) chamber is mixed with incoming water of the flotation tank. 
Compressed air is one of the major components of a flotation unit. The 
pressure pump consumed more than 50% of the energy utilized by the entire 
unit. Compressed air which is in the form of small bubbles mixes with the 
incoming water and the flocks are attracted even closer and lifted up onto 
the surface of the water in the flotation tank.  

Water which is free of major suspended particles escapes out through an 
outlet in the form of a ring with several tiny holes which passes around the 
flotation tank as shown in figure 8. The flocks which are floated and 
collected on the surface of the tank are continuously scrapped using a 
mechanical scrapper which rotates at continuous intervals. The flocks are 
now called as the sludge which is collected into the sludge pocket placed 
within the flotation tank and has an outlet at the bottom. The scrapper 
deposits the sludge at regular intervals into the sludge pocket which is in 
turn emptied at regular intervals into a sludge thickener. 

 

Figure 8. Inner view of the flotation tank showing the inflow pipe at 
the bottom and the outlet ring above. 
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Equalization tank 
The treated waters from the flotation unit are collected into the equalization 
tank. The water collected here are continuously pumped to the membrane 
polishing unit and then to the sand filter for further treatment before 
utilizing for any un-potable purposes. The other important units utilized to 
achieve the expected results are:  

 Sludge thickener 
The sludge from the flotation unit has high water content and hence the 
water has to be removed before the sludge is fed into the digester. This 
process increases the solids content in the sludge and reduces the volume of 
free water; thereby minimizing the unit load on downstream processes. 

The type of sludge thickener used in the present process was a gravity 
thickener. It is equipped with a pressure dispenser which provides 
gravitational pressure which makes the solid matter i.e., the sludge to settle 
down at the bottom of the tank. The dewatered sludge collected at the 
bottom of the tank is fed into the digester. 

Digester 
Digester is the unit where the final product which is the biogas, is produced. 
The dewatered sludge from the thickener enters the digester and stays from 
few days to several weeks. Constant temperature of 370 C and pH of 7 + 0.2 
is maintained. The bacteria break down the organic matter/sludge at 
anaerobic conditions to release biogas (methane-CH4).  

Moving Bed Biological Reactor 
Treated waters from the equalization tank of the flotation unit are pumped 
to the moving bed biological reactor (MBBR). The process utilizes an 
attached bio-film technique. The suspended biomass carriers are designed to 
create a large surface area for bacterial growth.  Naturally occurring bacteria 
develop on the bio-film and obtain their nutrition from the organic fraction 
of the wastewater (Brown, 2006). Their population is directly related to the 
amount of food/nutrition in the wastewater. By consuming the organics, 
these bacteria reduce the Biochemical Oxygen Demand (BOD) and the 
ammonia in the wastewater (Marango and Campos, 1992). One of the goals 
of MBBR is nitrification/denitrification. Nitrification is an aerobic process 
in which bacteria oxidize reduced forms of nitrogen. Denitrification is an 
anaerobic process by which oxidized forms of nitrogen are reduced to 
gaseous forms, which can then escape into the atmosphere. If water with a 
large amount of BOD is discharged into the environment, it can deplete the 
natural oxygen resources. The expected outcome of biological processing in 
the preset process is to reduce the odor in the water caused by ammonia by 
oxidizing it to nitrate. 

Sand filter 
Processing through sand filter is the final step of waste water treatment in 
the present process. As water flows through the porous sand bed along a 
tortuous route, the particulates come close to sand grains and get captured, 
allowing only the water to pass through.  Usually small amounts (<10 parts 
per million or <10 g per cubic meter) of fine solids (<100 micro meters) are 
captured, thereby purifying the water. The outlet water is tested and can be 
reused. In the present work, this water has been utilized for irrigation. 
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Laboratory equipment 
The laboratory equipment‟s used to carry out the experiments were: 

• Cuvettes 

• Spectrometer 

• Incubator 

• Electronic balance 

• Mechanical pipette 

Analysis 
Various analyses of water samples have been carried out in the laboratory 
scale to determine the water quality and composition of various compounds 
in the water. These include: 

Ammonium nitrate (N-NH4
+) 

Chemical Oxygen demand (COD) 
Nitrogen-nitrate (N-NO3

-) 
Phosphate analysis 
Total nitrogen analysis (TN) 

All the experiments and analysis have been carried out in the lab using 
Dr.Lange cuvettes (figure 9) which have pre-prepared solutions and 
experimentation is conducted by adding the probe samples following the 
given description. 

Ammonium analysis 

0.2 ml of sample is added to the solution in the cuvettes and allowed to 
settle for 15 minutes and the readings are noted using a spectrophotometer. 

COD analysis 

2 ml of probe sample is added into the cuvette and incubated for 24 hrs at 
148°C. It is then allowed to cool down and the readings are taken. 

Nitrate analysis 

0.5 ml of sample is added to the solution in the cuvettes and allowed to 
settle for 15 minutes and the readings are taken. 

Phosphate analysis 

0.5ml of probe sample is added to the cuvette and mixed well using dosi 
(dosage) cap and incubated for 1 hr at 100°C. Then, 0.2 ml of Solution B 
(from the kit) is added and a dosi cap „C‟ is fixed to the cuvette and mixed 
well. The readings are taken after 10 minutes. 

 Figure 9. Analysis kits containing cuvettes and solutions. 
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Total nitrogen analysis 

In an empty cuvette 0.2 ml of probe sample is added with 2.3 ml of A and a 
pill of „B‟; and incubated for 1 hr. A pill of „C‟ is added and 0.5 ml of the 
solution is collected and slowly added into the cuvette solution. Then, 0.2 ml 
of „D‟ is added and incubated for 15 min and the readings are taken. 

All these analysis were carried out on 3 types of probe samples. Sample-1 
was collected from the incoming raw waste water, sample-2 was collected 
from the equalization tank of the flotation unit and sample-3 was the outlet 
water from sand filter which is the final water treatment process in the 
present study. All the samples are collected using an automated sampling 
machine which collects 10 ml of sample every 6th, minute continuously for 
24 hours. 

 

Table 2. Set of 27 pre-fabricated experiments with varying dosage 
levels of metal salt and polymers. 
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Initial Phase of Analysis 

In the initial phase of startup of flotation unit, all the analysis were carried 
out to analyze and understand the working of the unit, study the water 
quality and the changes in the composition of various components in the 
water at various stages of the treatment process. Here, the dosage was always 
maintained constant, which was pre-set in the control system based on the 
inflow.  

The initial phase of studies has given an understanding regarding the 
operational and technical feasibility of the flotation unit. For further studies, 
a set of analysis as shown in Table 2 were postulated which were aimed to 
identify the specific dosages and combinations of polymers and metal salt to 
obtain optimal results.  

As per the analysis from the table 2, a set of 27 tests with varying dosage 
combinations of PAX-XL36, PURFIX and the high molecular polymer were 
postulated. The metal salt PAX-XL 36 was varied between 1-3 g/m3, low 
molecular starch based polymer PURFIX was varied between 5-7 g/m3 and 
the high molecular polymer Nordfloc C-192 was varied between 0.125 to 
0.5 g/m3. 

The analyses are aimed at high COD removal, low phosphate removal and 
least possible metal salt and polymer usage. Low phosphate removal is 
desired as the treated water in the present study is utilized for irrigation. 
Plants require prescribed levels of phosphate for their growth. Hence, the 
parameters showing low phosphate removal coupled with high COD 
removal was the desired outcome. Probe samples were collected and 
analyzed for COD and total phosphate content as these two are the major 
components in analyzing the water quality. Each of 27 tests is performed by 
varying the respective parameters according to the table. One hour time 
interval was maintained between each test. Prior to every experiment, 
content of COD and Total phosphate in incoming water were measured and 
after every experiment, effluent water COD and Total phosphate were 
measured. It takes about one hour for the unit to reach steady state after a 
change in any of the parameters such as coagulant dosage. The variation in 
water quality is observed after an hour, therefore the effluent samples are 
taken at a minimum time interval of one hour after the change in any 
parameter. The results of the influent and effluent values are noted in their 
respective fields of the experimental table. 

RESULTS  

Results of the initial phase of analysis have been conducted on 3 different 
probe samples with varying parameters and the values are noted as shown in 
Table 3. The resulting values have given an understanding of the average 
composition of various chemical components, present in water at various 
stages of the treatment process.  

In particular, the composition of COD and total phosphate were 
emphasised or taken as the benchmark in measuring the water quality of the 
treated water. Average COD and TP (Total Phosphate) of incoming water 
was observed to be in the range of 250-350 mg/ltr and 7-10 mg/ltr 
respectively. COD and TP levels of treated water from the flotation unit 
were observed to be in the range of 17-22 mg/ltr and 0.4-0.8 mg/ltr 
respectively. A considerable decrease in COD composition has been 
observed in the obtained results which imply the efficiency of the treatment 
process. Higher is the COD removal greater is the treatment efficiency. 
Composition of TP was desired to be maintained around 0.8 mg/ltr. The 
levels of COD and TP in treated water were encouraging in considering 
further analysis on flotation unit as the treatment process.  
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The reduction levels of various components at various stages of the 
treatment process can be observed from the figures 10, 11 and 12. The 
concentrations of various components in the inflow water during a period of 
time are shown in figure 10. Samples were collected with a time interval of 
1 week during a period of 2 months. The fluctuations in the compositions 
were attributed to be a reults of changes in weather, life style of the people 
in the locality and other local factors. All thse factors resulted in the amount 
of water used and the dilution and concentration factors which are 
responsible for water quality. 

Table 3: Analysis results of various campounds in water. 
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Figure 12: Analysis results of various compounds for the water 
samples from the sand filter. 

 

Figure 11: Analysis results of various compounds for the water 
samples from flotation tank. 

 

Figure 10: Analysis results of various compounds from the inflow 
sample. 
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Figure 11 shows the composition of nitrate, phosphate and ammonium in 
the treated water leaving the flotation unit. The graph shows a considerable 
reduction in the compositions of these components. The results prooved the 
flotation unit to be a technically feasible solution for waste water treatment. 

The results as of the water quality of the water leaving the flotation unit are 
shown in figure 12. The obtained results provide an understanding of the 
water quality of treated water leaving the system. 

Tests to identify the optimal output parameters have been conducted and 
the results are noted as shown in table 4. The obtained values are analysed to 
identify the most effective parameters. The efficiency of the experiment is 
analysed by maximum reduction of COD and minimal reduction of 
phosphates. This can be understood by the percentage reduction of the 
respective components. Table 3 shows the percentage reduction of COD 
and phospahates in each of the respective experiments. 

 

Table 4: Analysis results to estimate optimal combination of various 
parameters. 
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As shown in Table 5, out of 27 experiments conducted, 5 experiments have 
been observed to yield optimal results. 

Experiment 1 has shown a reduction of around 91% of both COD and 
phosphate. The dosage of metal salt and polymers is also minimal compared 
to other experiments in the group. 

Experiment 5 has shown 90% reduction of COD and 83% reduction in 
phosphate content. Metal salt and low molecular polymer dosage was higher 
compared to experiment 1. 

Experiment 7 has shown 80% reduction of COD and 78% reduction in 
phosphate content. In this experiment, the metal salt dosage was minimal 
whereas, the dosage of low molecular polymer was 7 g/m3 which is 
considerably high. 

Experiment 13 has shown 80% reduction of COD and 82% reduction in 
phosphate content. In this experiment, the dosage of metal salt was minimal 
at 1 g/m3 and low molecular polymer was slightly increased to 6 g/m3. 
Wherease, the dosage of high molecular polymer was considerably increased 
from 0.125 g/m3 to 0.313 g/m3. 

 

Table 5: Attained reduction percentages of COD and phosphate in 
each of the respective tests. 
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Experiment 19 has shown 79% reduction of COD and 84% reduction in 
phosphate content. In this experiment, the dosage of metal salt and low 
molecular polymer were maintained minimal. Wherease, the dosage of high 
molecular polymer was significantly increased to 0.5 g/m3. 

The  experiments 1,5,7,13 and 19 have yielded optimal results and hence the 
parameters with respective values can be considered for future experiments 
by making certain analytical manipulations if necessaary. 

Biogas production during the entire study period has been noted bt the CH4 
measuring meter connected to the digester. The values are noted and plotted 
as shown in figure 13. 

In figure 13, the red line indicates biogas production in the digester for a 
period of 45 days. The resulting values show a significant increase in the 
biogas production. The average gas production per person was about 
70 ltrs/day. The specific gas production was 0.9 m3 biogas per kilogram of 
volatile solids in the sludge. 

CONCLUSIONS  

The flotation unit has been proved to be a feasible option for waste water 
treatment considering the obtained results.  

The overall results are encouraging with a removal of COD up to 92%, but 
the removal of phosphate is up to 93% which has to be reduced. The usage 
of precipitators is up to ten times lower than previous experimental values 
and experiments conducted using other water treatment units. 

Therefore, it is possible to reach maximum COD reduction with a lower 
usage of precipitators, but this also gives a high P reduction which is of 
concern and has to be overcomed. 

Both the low molecular polymer PAX-XL36 and the high molecular 
polymer can be maintained on low dosage levels. PURFIX seemed to have a 
slightly larger impact on the water quality but can be kept on a dosage of 
5 g/m3 (medium dosage), considering the sustainable use of chemicals. The 
water quality of the treated water leaving the system can be utilized for 
irrigation. Hence, the basic purpose and goal of the flotation unit has been 
achieved. 

Figure 13. Specific gas production from digested over a period of 45 
days 
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Compared to conventional water treatment plants, better quality sludge has 
been produced and biogas production has been increased. Sludge quality 
implies that the TS and VS values of the sludge have been increased, which 
are the major factor in sludge characterization. The average specific gas 
production (SGP) in conventional WWTP‟s was observed to be around 
0.35 m3 biogas/kg VS. The SGP of sludge produces from the flotation unit 
had showed biogas production of 0.9 m3/kg VS. Using the flotation unit, 
average gas production per person per day of the specified study locality 
(Hammarby) had been recorded to be 75 L/pe/d. This implies an average 
production of 60 to 65% CH4 (methane) production from the entire sludge 
in the digester. Hence, from the obtained results, this treatment process can 
be considered as a highly efficient, effective and a promising solution for 
waste water treatment. 

UNCERTAINTY  

The unit had various operational implications in the beginning of the study, 
which was being rectified day after day. The major problem was the clogging 
of the unit due to the flocks which block the outlet (outlet ring) to the 
equalization tank. The flotation tank overflows due to this and resulted in 
lapse of the entire process. 

An external water stream coupled with air pressure from dispenser has been 
pumped in through a hose pipe to avoid clogging of the ring. Apart from 
clearing the ring, the large air bubbles formed due to external pressure have 
also created a disturbance in the flotation tank which in-turn disturbed the 
flocks. Therefore, clogging of the outlet ring has been a major persistent 
problem with regard to the flotation unit. 

Other operational problems included clogging of the stirrer in chamber 1. 
Seldom, due to inefficient primary screening process, large particulate and 
solid matter enter chamber 1 of the flotation unit. Here, the treated waters 
are mixed with metal salts and the reaction time is just 2 seconds for the 
particulate matter to bind with the metal salt. The reaction timing is 
maintained by continuous flash mixing at high speed. In case of entry of 
large particles such as plastic bags, cloth etc., into the reaction chamber the 
stirrer gets clogged with the garbage. It results in slowing down the stirrer 
speed, which therefore affects the efficiency of mixing and metal salt 
binding. This was overcome by manual removal of garbage from the stirrer 
using an industrial scale long handed forceps. 

DISCUSSIONS  

The challenges encountered have given an understanding that minor 
changes in the design of the unit could give better and expected results 
without any disturbance.  

It can be said that the expected water quality which can be utilized for 
irrigation purposes have been achieved. A significant and consistent 
reduction in the amounts of phosphorus and COD has been observed. High 
dosages of metal salt and polymer have been observed to yield better results 
but this is an unsustainable, non-eco-friendly and also expensive practice. 

The sludge production was haphazard due to certain operational constraints. 
Due to which the sludge volume was decreased and contained rather high 
volumes of water in it, but it showed good organic mass when there is no 
disturbance in the unit. 
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