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Abstract:  Wastewater treatment methods are energy intensive. Although, activated sludge process is effective in removing organic 

matter but it consume large amount of energy, particularly in the aeration process. However, wastewater itself is a source of 

energy, if we capture this energy from wastewater, wastewater treatment might become an energy producer rather than a 

consumer. Compared to activated sludge process, oxygenic photogranules have potential to treat wastewater without external 

aeration. In addition it produces algal biomass, which is favorable to use for bio-fuel production. Hence wastewater treatment 

system with oxygenic photogranules reduces energy consumption and produce energy feed stock. This study was mainly focused on 

the synthesis of oxygenic photogranules from activated sludge in the presence of sunlight under unagitated condition for 42 days 

and then conducted the treatment of real municipal wastewater with these oxygenic photogranules. OPGs can remove COD and 

nitrogenous compounds without external aeration. In the present study, COD and nutrients like nitrogen and phosphate removal 

efficiencies obtained was 98.5%, 97.09% and 99.18% respectively. The OPG process eliminate the need of external mechanical 

aeration, which is the most energy intensive part of wastewater treatment processes, and allow the recovery of chemical energy 

from wastewater in the form of bioenergy feedstock. OPGs are easily harvestable biomass, overcoming the main challenges of algal 

based wastewater treatment technologies. In this study, efficiency of OPG in treating real municipal wastewater without external 

aeration was discovered. 
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INTRODUCTION: 

 

  In the last decades, the generation of wastewater has 

been rapidly increasing with population growth, 

urbanization and industrialization, and the amounts 

produced are already far beyond the self-cleaning limit of 

natural aquatic systems. Thus, it is essential to treat such 

wastewater before discharge to protect human population 

and ecosystem, as well as to improve our environmental 

quality (Prasse C et al, 2015).Wastewater can be defined 

as water from sewage pipes and runoff over ground in 

which the water has become contaminated due to 

anthropogenic activity. Urbanization and industrialization 

influence the extent of pollution. In particular biological 

treatments play an important role, being responsible for 

removing more than one half of the total organic 

pollutants in wastewater. They are also considered 

environmentally friendly technologies owing to less 

chemical use, and energy input as well as renewable 

energy generation under certain conditions (Chong S et al, 

2012).In biological treatment units, it is better to retain 

dense mass to ensure the effectiveness of treatment and 

increase economic feasibility. Especially, it can directly 

determine the success of operation when slow growing 

microbial species perform main function. Instead of using 

extra equipments, microbial granulation can be applied as 

an alternative method to attain high treatment efficiency. 

The conventional activated sludge system has the most 

important in wastewater treatment plants (WWTP). 

 

A conventional activated sludge system generally consist 

of an aeration tank where air enhances the biological 

processes between microorganisms, a settling tank, or 

clarifier that separate clear effluent from sludge and a 

disinfection tank to remove pathogenic microorganisms 

further. The major disadvantage of conventional activated 

sludge system is the requirement of large footprint in 

response to the long settling phase and large number of 

units for treatment (de Kreuk, 2006). The granules in this 

system do not settle rapidly due to slow growth rate of 

nitrifying microorganisms. Although the activated sludge 

system in WWTPs is found to be most common in today’s 

industry. Water and Wastewater treatments are energy 

intensive process. Processes included in water and 

wastewater treatment consume large amount of energy 

that represent an important portion of worldwide energy 

consumption (Stillwell et al., 2010). Activated sludge 

process is widely used for the treatment of wastewater but 

it consumes 60% of energy available at the treatment 

plant. Because of this high energy consumption required 

for aeration limits its potential to use as a sustainable 

treatment method ( Bouhend et al., 2016). 
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Untreated wastewater is a significant energy resource; 

about 6-8MJ of chemical energy is present in 1 m3 of 

typical wastewater, which means that wastewater holds 

more than three times the energy used to treat it. 

Therefore we can capture this potential energy from 

wastewater; the wastewater treatment process might 

become an energy producer rather than a consumer. In 

engineered applications, the oxygenic nature of some 

cyanobacteria and their symbiosis with other bacteria 

species make them alternative for biological treatment. 

However separation of cyanobacteria has been a major 

barrier to implementation. A potential solution to this 

issue is the recently cultivated, oxygenic photogranules 

produced from photo-illuminated activated sludge (Stauch 

White et al., 2017). Compared to activated sludge process 

oxygenic photo granules have potential to treat 

wastewater without external aeration (Christenson and 

Sims, 2011). In addition it produces algal biomass which 

is favorable to use for bio-fuel production. Hence 

wastewater treatment system with oxygenic 

photogranules reduces energy consumption and produce 

energy feed stock ( Bouhend et al., 2016). 

 

OPGs are the most recent addition to the family of bio-

granules for biotechnological applications. The formation 

of these granules was first documented in unagitated, 

sealed vials exposed to natural light by Park and Dolan. 

For biotechnological applications like wastewater 

treatment, OPGs possess a number of properties that 

make them potential candidates for alternatives to the 

costly activated sludge process. Many successful OPGs 

cultivation have been performed under a variety of 

conditions and from a variety of municipal waste streams 

around the world. The oxygenic photogranule is a new 

algal-sludge granule wastewater treatment process based 

upon the photo granulation of activated sludge in to 

OPGs. During maturation, granules increase their net 

density via compaction, i.e., the loss of filamentous cells, 

and through the precipitation of calcite in the interior of 

granules. 

 

Oxygenic photogranules are naturally formed and 

composed of bacteria and algae. It is a dense, spherical 

and easily settleable granular bio-film of heterotrophs, 

autotrophs and microalgae (Milferstedt et al. in review). 

The bacteria degrade organic matter using oxygen 

produced by algae. In addition algae utilize the carbon 

dioxide produced from the organic matter degradation for 

photosynthesis. Oxygenic photogranules work without 

external aeration and consume more carbon dioxide and 

thus reducing greenhouse gas emissions and making the 

system carbon negative. Oxygenic bio-granules reduce 

sludge production and have the potential to bring energy 

savings for municipal wastewater treatment (Chul Park et 

al., 2017). Oxygenic photogranules remove chemical 

oxygen demand and nitrogenous compounds without 

external aeration. Without external aeration, wastewater 

facilities could save 25-60% of operating cost of 

municipal wastewater treatment (Abouhend et al. 2016; 

Milferstedt et al. in review).Applications of oxygenic 

photogranules include enhanced nitrogen removal, 

removal of heavy metals, reduction of wastewater 

treatment carbon footprint; bio-energy feed stock 

generation and nutrient treatment and removal at 

wastewater treatment plant with minimum energy 

investment (Chul Park et al., 2017). 

 

This thesis was particularly focused on the aspect of 

wastewater treatment by means of oxygenic 

photogranules technology. This study was hypothesized 

that the production of Oxygenic photogranules are 

important because conventional activated sludge process 

consume more time and energy for municipal wastewater 

treatment and Oxygenic photogranules have ability to 

treat municipal wastewater. 

 

MATERIALS AND METHODS 

 

2.1 OPGs Cultivation 

Activated sludge was directly sampled from the aeration 

basin of the Sewage Treatment Plant, Muttathara, 

Trivandrum. Upon returning to the lab, 7 mL sludge were 

pipetted into 15 mL vials and then closed with a plastic 

cap, leaving head space. During granulation, the biomass 

remained in these vials. The closed vials therefore be 

considered closed ecosystem where only energy in the 

form of light enters. During granulation, the vials were 

neither moved nor shaken or agitated in another form. 

Vials were illuminated under sunlight and fluorescent 

lights of 20W, 24 hours per day at room temperature for 

42 days. The biomass in one vial yields precisely one 

photogranule that is typically situated at the bottom of the 

vial. At day 42, the cultivation was considered as 

complete. To determine the success of granulation, shake 

test was performed by using three firm vertical shake and 

then observing the vial contents. When a granule 

remained without particulates in the bulk liquid, 

granulation was considered as successful. 

 

2.2 OPG Characteristics Identification 

2.2.1 Microscopy 

Microscopy was performed on a Radical RMH-4B (220V, 

50Hz) light microscope by sectioning granules in a petri 

dish with a razor blade and then placing sampled sections 

on a microscope slide. At least three sections from each 

selected granule were inspected. 
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2.2.2 Scanning Electron Microscopy 

The OPG characterization such as SEM was done at 

Sophisticated Instrumentation and Computation Centre, 

University of Kerala, Kollam.Samples for SEM were 

fixed in an unbuffered solution of 1% glutaraldehyde 

added to each sample and gently agitated for 

approximately 3-4h. Samples were removed from the 

fixative into petri dish and manually cross-sectioned 

under a microscope to visually determine the maximum 

diameter. Next, samples were washed three times for 10 

min each in phosphate buffer solution. Samples were post 

fixed in 1% osmium tetroxide in the same phosphate 

buffer for 1.5h on a rotator at room temperature, and then 

washed for 15 min. Following these steps, samples were 

washed three times for 40 min in Milli-Q water. Each 

sample was dehydrated through graded ethanol series. 

Samples were stored overnight in 70% ethanol at 200 C. 

The next day, the fixed samples were warmed to room 

temperature and ethanol dehydration was continued. The 

samples were dried using the tertiary butanol method. 

Samples were subsequently imaged using EVO18 SEM 

operated at 10 kV. 

 

2.2.3 Settling Velocity 

Sample used for settling velocity determination was 

placed inside a 1L capacity measuring cylinder which was 

filled with water upto 800 mL mark. Then note the time 

taken by the sample to reach the bottom of cylinder or to a 

predetermined mark. Also note the distance between the 

initial and final position of the sample. Then Settling 

Velocity was calculated using the following equation: 

 

 Settling Velocity = (distance)/ Time= D/t    (2.1) 

 

2.2.4 Porosity 

Sample used for porosity determination was first dried in 

an oven at 1050C for 2 hours. After that sample was taken 

out from the oven and note the weight of dried sample. 

Then the dry granule was placed inside a container which 

was filled with water. Weight of granule inside the 

container was measured periodically until the weight 

remaining constant (that means sample was completely 

saturated). Difference between the weight of dry granule 

and final weight indicates mass of water inside granule. 

From the mass of water and density of water, volume of 

water was calculated. Volume of water in the granule was 

equivalent to volume of voids. Then Porosity was 

calculated using the following equation: 

 

Porosity = Volume of voids/ Total volume of sample= 

VV/V                (2.2) 

 

2.2.5 Density 

For the determination of density of granules, first weight 

of granule was noted. Volume of granule was determined 

by placing the granule inside a container which was filled 

with water completely. The amount of water displaced 

from the container due to the granule was collected and 

measured. That value indicates volume of granule. 

Density of granule was calculated using the equation: 

    

  Density = Mass of granule/ Volume of granule =M/V    

               (2.3) 

 

2.3 Municipal Wastewater Collection 

The municipal wastewater used in this study was obtained 

from the Collection tank of Sewage Treatment Plant, 

Muttathara, Trivandrum. It was collected in a plastic 

bottle and should keep in a refrigerator at a temperature of 

4oc. The standard method for examination of water and 

Wastewater was followed for sample Collection and 

Storage (APHA, 2012). 

 

2.4 Reactor Setup 

Sequencing Batch Reactor made of acrylic material has 

been used in the present study. The reactor was 100 cm in 

length, 16 cm width and 15 cm height. Total length of the 

reactor was divided into six compartments each having 

15.3 cm length, 15cm height and 16cm width with a 

working volume of 3litres. The reactors consist of stirrers 

in order to prevent the settling of the granules. It was 

installed in ambient room temperature without any 

temperature regulator facility. The reactors were filled 

with 1L sewage. The reactors were seeded with pre-

cultured mature OPGs having varying dosages of 6, 8, 10, 

12 and 14g/L and operated 1 hour cycles per day. Each 

cycle consist of 5minutes influent feeding, 40 minutes 

mixing, 10 minutes settling and 5 minutes for decanting. 

After each cycle supernatant was collected and chemical 

analysis was performed. Figure 2.1 shows the sequencing 

batch reactor set up used in this study. 
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Fig 2.1Sequencing Batch Reactor 

 

2.5 Chemical Analysis 

The standard method for examination of water and 

wastewater was followed for sample collection and 

chemical analysis (APHA, 2012). 

 

III. RESULTS AND DISCUSSIONS 

 

3.1 Initial Characteristics Of Municipal Wastewater 

The initial characteristics of municipal wastewater were 

carried out. Table 3.1 shows the initial characteristics of 

Municipal Wastewater (sewage) collected from the 

Sewage Treatment Plant, Muttathara, Trivandrum. 

Table 3.1 Initial characteristics of MWW 

 
Sl. No. Parameter Initial Value 

1  COD ( mg/L) 536 

2 Nitrate (mg/L) 7.23 

3 Phosphate (mg/L) 13.47 

4  TSS ( mg/L) 340 

5 SVI (ml/g) 55 

 

3.2 Photogranulation Progression 

It was found that under a batch static condition with light, 

typical activated sludge mixed liquor changes to a dense 

spherical aggregate of algae- sludge biomass. Unlike the 

flocs or aggregates in activated sludge, seed OPGs formed 

were dense, pellet like aggregates with a diameter of 5-

12mm.OPGs generation in the reactor was consistent and 

gradual process which was checked out through many 

stages of developing and maturation that was identified by 

the change in the shape, structure and sphericity of OPG 

besides the increase in OPG numbers, diameters and TSS 

concentration. Using microscopic analysis we found that 

granules were composed of thick layer of filamentous 

microalgae, and inner part composed of aggregates of 

green algae and heterotrophic sludge bacteria. Figure 3.1 

shows the progress of photogranulation process. 

 

 

   

    

Fig 3.1: Development of OPGs    A) Day 0     B) Day 0     

C) After 7 days    D) After 15 day           E) After 33 days              

F) After 42 days 

 

3.3 Characteristics Of Oxygenic Photogranules 

3.3.1 Properties of Oxygenic Photogranules 

Table 3.2 shows the properties of OPGs developed from 

activated sludge under static condition with light. 

Properties of OPGs were determined by performing 

various experiments in the laboratory including SEM 

analysis and algal identification test. 

 

Table 3.2 Properties of Oxygenic Photogranules 
Sl. No Characteristics Value 

1 Size (mm) 5-12 

2 Settling Velocity (m/hr) 30 

3 Density (kg/m3) 1418 

4 Porosity (%) 15.55 

 

4.3.2 SEM Analysis Result 

Usually SEM is capable of producing precise details of 

the sample less than 1 nm in size. Fig 3.2 indicates the 

result obtained from the SEM analysis of oxygenic 

photogranules at varying magnifications. SEM image 

reveals that granules were composed of thick outer layer 

of filamentous microalgae, and inner part consisted of 

aggregates of green algae and heterotropic sludge 

bacteria. 
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Fig 3.2 SEM images of oxygenic photogranules. 

Scale bars for panels are A) 2µm B, C) 10 µm D) 20 µm 

 

3.4 OPG Reactor Performance 

The SBR seeded with the mature OPGs were operated 

without external aeration, which is currently the most 

energy intensive part of the wastewater treatment. It 

shows high efficiency in the removal of COD and 

nutrients. OPGs achieve COD removal efficiency higher 

than 90% and average effluent COD was maintained 

below 10mg/L, meeting regulatory permits. The nitrogen 

and phosphate data also showed that OPGs system 

achieved better efficiency in removal of nitrate and 

phosphate. Nitrate removal efficiency obtained was 96% 

and phosphate removal efficiency was above 95%. The 

value of effluent nitrate and phosphate were almost equal 

to zero. Figure 3.3 shows the removal efficiency of COD 

using OPG reactor treating real municipal wastewater. 

 

Fig 3.3 Removal efficiency of COD by using bench scale 

OPG reactors treating real wastewater 

 

3.5 Changes in Biomass Concentration during Reactor 

Performance 

During reactor operation, it was noted that there was a 

gradual change in the biomass concentration. After 

starting the treatment process, the size of seeded OPGs 

were changed because microorganisms in the OPGs were 

consume organic matter present in the real sewage and 

start increasing its population inside the granule there by 

increasing its size. Change in biomass concentration was 

determined by taking the weight of granules after the 

completion of each cycle, which means at the end of two 

hour time periods.  Figure 3.4 represent the change in 

biomass concentration in terms of weight with respect to 

time interval. 

 
Fig 3.4 Change in Biomass concentration during 

treatment 

 

3.6 Hydraulic Retention Time (HRT) for OPG 

Treatment 

Table 3.3 shows the hydraulic retention time for treating 

real municipal wastewater using bench scale reactors 

seeded with mature OPGs. The time was varied from 2-30 

hours with a time interval of 2 hours. For the 

determination of hydraulic retention time for treatment 

process, the speed of mixing was kept at 5rpm and dosage 

was kept 10g/L.The greatest decrease was seen at the time 

of 10 hour which reduced the COD from 536 mg/L to 8 

mg/L. This value meeting the regulatory limit. At this 

time the efficiency of the OPGs in removing TSS and 

nutrients were also high, reducing TSS from 340 to 

30mg/L and nitrate from 7.23 to 0.23 mg/L. Fig 3.5 and 

3.6 shows the effect of hydraulic retention time for the 

treatment of municipal wastewater using oxygenic 

photogranules in the form of removal efficiencies. 

Table 3.3 Hydraulic retention time for treating real 

municipal wastewater 
Parameter/ 

Time (hrs) 

COD 

(mg/L) 

TSS 

(mg/L) 

Nitrate 

(mg/L) 

Phosphate 

(mg/L) 

0 536 340 7.23 13.47 
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2 352 300 5.25 5.49 

4 223 260 4.15 3.61 

6 192 136 2.35 1.36 

8 80 84 1.87 0.79 

10 8 30 0.23 0.11 

12 8 29 0.21 0.12 

24 24 29 0.24 0.14 

26 24 30 0.24 0.21 

28 20 30 0.21 0.19 

30 18 29 0.16 0.21 

 

 
Fig 3.5 Effect of HRT in the removal of COD & TSS 

during sewage treatment 

 
Fig 3.6 Effect of HRT in the removal of Nitrate & 

Phosphate during sewage treatment 

3.7 Optimum OPGs Dosage for Sewage Treatment 

Table 3.4 shows the optimum OPGs dosage for treating 

real municipal wastewater using bench scale reactors 

seeded with varying dosage of mature OPGs. The dosages 

were varied from 6-14g/L with 2g/L interval. For the 

determination of effect of dosage on treatment the speed 

of mixing was kept at 5rpm and time was kept at 10 hour 

interval. 

 

Table 3.4 Dosage of OPGs for treating sewage 

 
Parameter 

(mg/L) 
Control 6g/L 8g/L 10g/L 

12g/

L 

14g/

L 

COD  536 192 160 8 16 24 

TSS  340 150 98 30 30 28 

NO3
- 7.23 3.48 2.21 0.21 0.22 0.21 

PO4
3- 13.47 8.39 3.31 0.11 0.14 0.13 

 

The greatest decrease was seen at the dose of 10g/L of 

real wastewater which reduced the COD from 536 mg/L 

to 8 mg/L. This value meeting the regulatory permit. At 

this dosage the efficiency of the OPGs in removing TSS 

and nutrients were also high, reducing TSS from 340 to 

30 mg/L and nitrate from 7.23 to 0.21 mg/L and 

phosphate from 13.47 to 0.11 mg/L respectively. Fig 3.7 

& 3.8 shows the Dosage of OPGs in treating sewage. 

 

 
Fig 3.7 Effect of dosage in the removal of COD & TSS 

during sewage treatment 

  

 
 

Fig 3.8 Effect of dosage in the removal of Nitrate & 

Phosphate during sewage treatment 

 

3.8 Solid Retention Time (SRT) 

OPGs biomass was wasted from the reactor on a daily 

basis and the volume of harvested biomass were used for 

the determination of solid retention time. In this study, 

solid retention time was calculated using the following 

equation: 
                      SRT= {∑i Xi Vi}/ {Qx Xx }  

         (3.1) 

Where Vi = individual reactor volume (m3) 

                    Xi  = MLSS in each reactor (mg/L) 

                   QX = excess biosolids removal rate (m3/d) 

                   XX = MLSS in the excess biosolids flow (mg/L) 
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From the treatment solid retention time for treating 

municipal wastewater using oxygenic photogranules 

obtained was 40 days. After 40 days of operation, a 

portion of OPGs are removed and fresh OPGs are added 

to the system. 

 

3.9 OPG Biomass Settleability 

Harvesting of biomass is main challenges of algae 

wastewater treatment. The settling performance 

determines the settling time required before decanting of 

clean effluent. Achieving a short settling time by 

generating a rapidly settling biomass leads to significant 

improvement in the treatment process efficiency, 

particularly in the SBR operation. OPGs settled very 

quickly with an average settling velocity of 30 m/hr, 

providing easily harvestable biomass. This effective 

biomass settling makes biomass harvesting and recycling 

very easy, overcoming the main challenges associated 

with algae based wastewater treatment. 

 

3.10 Comparative Assessment- Activated Sludge Process 

& Oxygenic Photogranules 

Table 3.5 shows the results obtained after treating real 

municipal wastewater using OPGs without aeration and 

Activated sludge process with external aeration. 

      

Table 3.5 Parameter of sewage after ASP & OPG 
Parameter Initial Value ASP OPG process 

COD (mg/L) 536 16 8 

TSS (mg/L) 340 40 30 

Nitrate (mg/L) 7.23 1.12 0.21 

Phosphate(mg/L) 13.47 3.75 0.11 

  

From the table 3.5, it is clear that oxygenic photogranule 

process is better than activated sludge process for treating 

municipal wastewater especially for the removal of 

chemical oxygen demand and nutrients such as nitrate and 

phosphate. Sludge produced after treatment can be used 

for generating bioenergy feed stock e.g. biodiesel, 

fertilizer, bioethanol, and biomass that can be burned to 

produce heat and electricity. Activated sludge process 

require external aeration for treating sewage, hence it 

consume large amount of energy in the form of electricity. 

But OPG treats sewage effectively without external 

aeration. Therefore, OPG process is a cost effective 

method for treatment of sewage. Table 3.6 shows the 

efficiency of ASP and OPG process in treating sewage. 

   

Table 3.6 Efficiency of ASP & OPG Process in sewage 

Parameter 
COD 

(mg/L) 

TSS 

(mg/L) 

Nitrate 

(mg/L) 

Phosphate 

(mg/L) 

Initial value 536 340 7.23 13.47 

ASP 16 40 1.12 3.75 

OPG Process 8 30 0.21 0.11 

Efficiency of 

ASP (%) 
97 88.23 84.5 72.16 

Efficiency of 

OPG process 

(%) 

98.5 91.18 97.09 99.18 

 

From table 3.8, it is clear that OPG process is better than 

activated sludge process for MWW treatment. OPG 

obtain better COD and nutrients removal without external 

aeration as compared to activated sludge process. Fig 3.9 

shows the bar diagram for efficiency of ASP and OPG 

process in treating sewage. 

  

 
Fig 3.9 Efficiency of ASP & OPG Process in treating 

sewage 

 

IV. CONCLUSION 

 

Microorganisms in anaerobic wastewater treatment 

processes shown their ability to achieve a higher organic 

removal rate, low sludge production and lower energy 

consumption along with valuable methane gas production. 

The pilot scales study showed that the oxygenic 

photogranule technology is very promising compared to 

activated sludge process due to its advantages such as 

excellent settleability and small footprint. Oxygenic 

photogranules technology includes in-situ oxygen 

generation through photosynthesis with oxygen 

consuming processes like organic matter conversion and 

nitrification. Use of oxygenic photogranules for municipal 

wastewater treatment can make the process aeration free 

and energy recovery method. Oxygenic photogranules 

allow the recovery of chemical energy from wastewater in 

the form of bio-energy feedstock. Application of oxygenic 

photogranules for municipal wastewater treatment reduce 

the waste sludge generation and energy cost. The 

development and application of the OPG process will play 

a significant role in aeration-free wastewater treatment, a 

solar biotechnology that brings us one step closer towards 

sustainable treatment practices. 
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Dense, spherical OPGs used to treat wastewater in the 

laboratory have been shown to effectively remove organic 

nutrients such as nitrate, phosphate including COD. 

Therefore, the use of OPGs may significantly advance the 

implementation of microalgae-based wastewater 

treatment. Granular wastewater treatment processes have 

become possible in recent years through engineering the 

morphology of microbial communities. These granular 

processes offer the potential to minimize energy 

requirements by offering multiple conditions within each 

granule and thus eliminating the need for multiple 

treatment phases. Because OPGs harness the energy of 

the sun to power the transformation of carbon dioxide into 

much-needed oxygen, energy requirements are further 

minimalized. 

 

This study is focused on a new wastewater treatment 

method based on the discovery of activated sludge is 

converted in to photogranules in the presence of source of 

light under static condition. This study proves that OPG 

can be used for high rate wastewater treatment without 

external aeration substantially reduces the cost of 

wastewater treatment. The process generates large amount 

of energy feed stock in the form of granules which are 

easily harvestable biomass. Finally this study conclude 

that OPG can be used as a better alternative method for 

activated sludge process in treating wastewater without 

external aeration in a cost effective manner. 

 

V.RECOMMENDATIONS 

 

Based on the results obtained, the following 

recommendations were provided: 

 It is recommended that more research should be 

conducted on wastewater having high COD by 

using Oxygenic Photogranules. 

 It is recommended that more studies should be 

conducted for investigating potential efficiency 

of OPGs for sewage treatment process. 

 It is recommended that more research should be 

conducted to identify the capability of OPGs for 

treating various wastewaters in a cost effective 

manner. 

 It is recommended that more studies should be 

conducted to prove OPGs treatment as a better 

alternative for activated sludge process for 

treating any type of wastewater.  

ACKNOWLEDGEMENT 

 

The authors will like to acknowledge UKF College of 

Engineering and Technology for the valuable support for 

the completion of present project and also they express 

their sincere thanks to Executive Engineer and all staff 

meembers of Sewage Treatment Plant, Muttathara, 

Trivandrum. 

 

REFERENCE 

 

[1] Abouhend, A., Butler, C.S., El-Moselhy, K. and  

Park. C, “The Oxygenic Photogranule (OPG) for 

Aeration-free and Energy-Recovery Wastewater 

Treatment Process”, Water Environment 

Federation Technical Exhibition and Conference, 

New Orleans, LA - October 2016. 

[2] Barr, J.J., Cook, E.A., Bond, P.L.,” Granule 

Formation Mechanisms within an Aerobic 

Wastewater System Operating for Phosphorus 

Removal”, Applied & Environmental 

Microbiology,76(22),7588-7597,Sep. 2010. 

[3] Bassin, J.P.; Pronk, M.; Kraan, R.; Kleerebezem, 

R.; van Loosdrecht, M.C.M. “Ammonium 

adsorption in aerobic granular sludge, activated 

sludge and anammox granules”, Water Research. 

45, 5257-5265, (2011). 

[4] Beun, J. J., Hendriks, A., Van Loosdrecht, M. C. 

M., Morgenroth, E., Wilderer, P. A. and Heijnen, 

J. J., , “Aerobic granulation in sequencing batch 

reactor”, Water Research, (33), 2283, 1999. 

[5] Chon, D.H., Rome, M., Kim, Y.M., Park, K.Y., 

Park,C.,  “investigation of sludge reduction 

mechanism in the anaerobic side stream reactor 

process using several control biological 

wastewater treatment processes”, Water 

research, (45), 6021-6029, 2011. 

[6] Chong S, Sen TK, Kayaalp A, Ang HM., “The 

performance enhancements of upflow anaerobic 

sludge blanket (UASB) reactors for domestic 

sludge treatment – review”, Water Research, 

(46), 3434-70, 2012. 

[7] Christenson, L.and Sims, R., “Production and 

Harvesting of Microalgae for Wastewater 

Treatment, Biofuels, and 

Bioproducts”,Biotechnology Advances, 29, 686-

7022011. 

[8] de Kreuk, M.K , Kishida,N.,  and Van 

Loosdrecht, M.C.M, “ Aerobic granular sludge - 



 

 ISSN (Online) 2456-1290 

 

International Journal of Engineering Research in Mechanical and Civil Engineering 

(IJERMCE) 

Vol 3, Issue 5, May 2018 

                    All Rights Reserved © 2018 IJERMCE   142 

 

state of the art”, Water Science and Technology,  

55( 8), 75-81, 2007. 

[9] Gao, D., Liu, L., Liang, H., and Wei-Min Wu, 

“Aerobic granular sludge: characterization, 

mechanism of granulation and application to 

wastewater treatment”, Critical Reviews in 

Biotechnology, 31(2): 137–152, 2011. 

[10] Giesen, A, M. van Loosdrecht, Bart de Bruin, 

Helle van der Roest, Mario Pronk, “ Full-scale 

Experiences with Aerobic Granular Biomass 

Technology for Treatment of Urban and 

Industrial Wastewater”, The natural technologies 

for wastewater,1-11, 2014. 

[11] Gonzalez-Gil, G., and Holliger, C., “Aerobic 

Granules: Microbial Landscape and Architecture, 

Stages, and Practical Implications”, Applied & 

Environmental Microbiology, 80, 3433-3441, 

2014. 

[12] Kumar, R. and Venugopalan, 

P.V.,”Development of self-sustaining 

phototrophic granular biomass for 

bioremediation applications”, Current 

science,108,1653-1661, 2015. 

[13] Kuśmierczak, J., Anielak, P., Rajski, L.,”Long-

Term Cultivation Of An Aerobic Granular 

Activated Sludge”, Electronic Journal Of Polish 

Agricultural Universities,15(1),1-10, 2012.  

[14] Kwiatkowska, C.A., Ska, Z.M., :Bacterial 

communities in full-scale wastewater treatment 

systems”, World Journal of Microbiology & 

Biotechnology, 32(4), 1-8, 2016, 

[15] Liu, L., Fan, H., Liu, Y., Liu, C., Huang, X.,” 

Development of algae-bacteria granular 

consortia in photo-sequencing batch reactor”, 

Bioresource Technology, 232, 64-71, 2017. 

[16] Liu, Y., Xu, H. L., Yang, S. F. and Tay, J. H., 

“Mechanisms and models for anaerobic 

granulation in up flow anaerobic sludge blanket 

reactor”, Water Research, 37(3), 661–673, 2003. 

[17] Liu, Y.Q., Liu, Y.; Tay, J.H., “The effects of 

extracellular polymeric substances on the 

formation and stability of biogranules”, Applied 

Microbiology and Biotechnology. 65, 143-148, 

2004. 

[18] McNair, M. A,”Pilot Reactor Operation of the 

Oxygenic Photogranule (OPG) Wastewater 

Treatment Process”, Environmental& Water 

Resource Engineering, 2017.  

[19] Medina, M. and Neis, U.,”Symbiotic algal 

bacterial wastewater treatment: effect of food to 

microorganism ratio and hydraulic retention time 

on the process performance”, Water Science and 

Technology. 55, 165–171, 2007. 

[20] Milferstedt, K., Hamelin, J., Park, C., Jung, J., 

Hwang, Y.,Cho, S., Jung, K., Kim, D., 

“Biogranules applied in environmental 

engineering”, International Journal of Hydrogen 

Energy,42(45),27801-27811, 2017 

[21] Munoz, R., Jacinto, M.,  Guieysse, B., 

Mattiasson, B.,  “Combined carbon and nitrogen 

removal from acetonitrile using algal-bacterial 

bioreactors”, Applied Microbiology and 

Biotechnology, 67(5), 699-707, 2005. 

[22] Pabi, S. Amarnath, A.; Goldstein, R. Reekie, L., 

“Electricity Use and Management in the 

Municipal Water Supply and Wastewater 

Industries”, Electric Power Research Institute, 

CO; Water Research Foundation, CA, 2013. 

[23] Park, C.  and Dolan, S. , “Algal-sludge granule 

for wastewater treatment and bioenergy 

feedstock generation”, 2015. 

[24] Prasse, C., Stalter D., Schulte-Oehlmann U., 

Oehlmann J. and Ternes T.A.,” Spotlight for 

choice: a critical review on the chemical and 

biological assessment of current wastewater 

treatment technologies”, Water Research, 

87,237-70, 2015. 

[25] Pronk, M., de Kreuk, M.K., de Bruin, B., 

Kamminga, P., Kleerebezem, R. and van 

Loosdrecht, M.C.M., “Full scale performance of 

the aerobic granular sludge process for sewage 

treatment”, Water Research, 84, 207-217, 2015. 

[26] Rittmann, B.E. and McCarty, P.L. 

Environmental Biotechnology: Principles and 

Applications, McGraw-Hill, New York, 2001 

[27] Roeselers, G., Loosdrecht, M. C. and Muyzer, 

G., “Phototrophic biofilms and their potential 

applications”, Journal of Applied Phylogeny,20, 

227–235, 2008. 

[28] Rossetto, M., “Laboratory study on granular 

sludge nutrient removal for wastewater 

treatment”, Master’s Thesis, Civil and 



 

 ISSN (Online) 2456-1290 

 

International Journal of Engineering Research in Mechanical and Civil Engineering 

(IJERMCE) 

Vol 3, Issue 5, May 2018 

                    All Rights Reserved © 2018 IJERMCE   143 

 

Environmental Engineering, Division of Water 

Environment Technology, CHALMERS 

UNIVERSITY OF TECHNOLOGY, Goteborg, 

Sweden, 2012 

[29] Stauch-White, K.,”The Role of Nitrification and 

Denitrification in Successful Cultivation of 

Oxygenic Photogranules for Wastewater 

Treatment”, Environmental & Water Resources 

Engineering,1-34, 2016. 

[30] Stauch-White, K., Srinivasan, N.V., Kuo Dahab, 

W.C., Park, C., and Butler, S.C., “The role of 

inorganic nitrogen in successful formation of 

granular biofilms for wastewater treatment that 

support cyanobacteria and bacteria”, AMB 

Express,7(1),1-10, 2017. 

[31] Stillwell, A.S., Hoppock, D.C. and Webber 

M.E,”Energy Recovery from Wastewater 

Treatment Plants in the United States: A Case 

Study of the Energy-Water Nexus”, 

Sustainability, 2, 945-962, 2010. 

[32] Weber S D, Ludwig W, Schleifer K-H, Fried J, 

“Microbial composition and structure of aerobic 

granular sewage biofilms”, Applied & 

Environmental Microbiology, 73:6233–

6240,2007 

[33] Weissbrodt,G.D.,Neu,R.T.,Kuhlicke,U.,Rappaz,

Y., and Holliger,C.,”Assessment of bacterial and 

structural dynamics in aerobic granular 

biofilms”, Frontiers in Microbiology,4,1-18, 

2013 

[34] Xu, M., Li, P., Tang, T., Hu, Z., “Roles of SRT 

and HRT of an algal membrane bioreactor 

system with a tanks-in-series configuration for 

secondary wastewater effluent polishing”, 

Ecological Engineering, 85, 257-264, 2015. 

[35] Yu HQ, Zhao QB, Tang Y, “Anaerobic treatment 

of winery wastewater using laboratory-scale 

multi-and single-fed filters at ambient 

temperatures”, Process Biochemistry, 41, 2477-

2481, 2006 

 


