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Abstract— For the growth of plants and the production of crops, phosphorus and nitrogen are crucial. While nitrogen is limited in
soils, it is abundant (78%) in the atmosphere as gas that is exceedingly steady and non-reactive N2.Whereas, the last few decades; there
has been a growing awareness of the finite nature of phosphorus resources, as well as the significance of phosphorus recovery. In plants,
phosphorus is a limiting factor. As a result, it is a significant component of fertilizers. Fertilizer industry processes the major part of the
mined phosphate rock. Because phosphorus is non -renewable, it is critical to ensure that the amount of phosphorus fertilizer available
in the future is sufficient to ensure a stable supply of food for the world's growing population. Nitrogen and phosphorus have emerged as
major contributors to the eutrophication of receiving waterways. As a result, more rigorous environmental laws are implemented to
reduce their discharges, generating an urgent need. There is a need for technical methods to improve nutrient removal and nutrient
recovery in the current secondary wastewater treatment plants, removal (WWTPs). The obtained test result of ‘N’ and ‘P’ which are
outlet chlorinated samples 9.6mg/l and 1.6mg/l. Hence the need for nutrient recovery, the strain on reactive nitrogen and phosphorus
production is reduced, resulting less nitrogen and phosphorus entering the environment that is reactive. It could result in greater
fertilizers use and less negative environmental impact. The Nation’s total consumption of Phosphorous in all sector are 8808.99 Million
Kg /year has been estimated. The study results of the cost comparison between struvite fertilizer and conventional fertilizer show that
struvite fertilizer is more affordable than other conventional fertilizer.

Index Terms— EBPR, Nitrogen, Nitrification & De-nitrification, Phosphorous, SBR and Struvite.

elements nitrogen and phosphorus. The pressure on activated
I. INTRODUCTION nitrogen and phosphorus production is reduced as a result of

Plant development and crop production require nitrogen nutrient recovery, resulting _in less activated nitrogen_ .:ind
and phosphorus. While nitrogen is abundant in the Phosphorus entering the environment. As a result, fertiliser
atmosphere (78%) in the highly stable and insoluble form N2 Wlll be Utl|lZ(_§d more efficiently, and the environmental
gas, it is scarce in soils. Nitrogen is fixed in reactive forms  Impact would indeed be reduced.
like amino acids, nitrate, and ammonia to make it more The process of Enhanced Biological Phosphorus Removal
portable and available in soils.Phosphorus is non-renewable, ~ (EBPR), a crucial technique for "P" recovery. Recovery of
it is critical to ensure that the amount of phosphorus fertilizer ~ Phosphorus from domestic wastewater, can minimise the
available in the future is sufficient to ensure a stable supply of ~ Problem outbursts on phosphate rocks about 15% to 20%. To
food for the world's growing population. Fertilizer industry ~ efficiently recover struvite, soluble "p” is required. While
processes the major part of the mined phosphate rock. Today, ~ 'écovery often occurs via precipitation as  struvite,
some phosphorus is recycled. Phosphorus-containing waste ~ Phosphorus  release can also be accomplished utilising
streams that can be reused as phosphorus fertilizers include ~ thermochemical or  biochemical  techniques  [1].The
animal manure, household organic waste, and wastewater ~ Crystallization of Struvite to Remove Phosphorus from
sludge. However, many fertilizers in the globe come from  VVastewater. They looked into a number of different
phosphorus mines, where finite stocks of phosphorus are tec_hr?lques, including stirred t_ank reactors, alr—agltated_ and
removed from the ground to be utilised as mineral fluidized bed reactors, as possnble struvite recovery designs.
phosphorus fertilizer or by the phosphorus industry in some ~ One of the most viable options for removing phosphorus and
other application. Furthermore, phosphorus is employed in ~ TECOVering it as struvite is fluidized bed reactors. According
the production of products such as detergents and O test findings, this approach can recover "P" by more than
medications. 70% [2]. They suggest on optimum duration on single phase.

Each year, 2% of the reactive nitrogen that is added to the It_ can remove and obtain !ow nutrient concgntration like
atmosphere globally escapes as N20, which warms the planet ~ Piggery wastewater — with COD (Chemical Oxygen
and thins the ozone layer, and 12% as NOx and NH3, which ~ Demand), nitrogen, phosphorus removals higher than 98%.
have different impacts on the atmosphere. The eutrophication ~ TNiS plant has been in operation for almost a year [3].
of receiving streams has been mostly attributed to the According to the findings from this publication, the
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average eradication rates for COD, TN, and TP were 93.52,
88.31, and 97.56%, respectively[4]. Phase length and influent
distribution optimization are crucial factors in this study's
findings, which demonstrate that they are critical for high
nutrient removal (88%, 93%, and 99% of carbon, nitrogen,
and phosphorus, respectively) [5]. In this work, the
fundamental relationships between effective sludge age,
recycling ratio, and cycle time were examined in order to
provide design parameters. After 0.7 hours of mixing, SNO is
reduced in the summer and anaerobic conditions develop [6].

Findings indicate that at least two different microbial
communities, an LPO (lactic acid producing organism) and a
PAO(Polyphosphate  Accumulating  Organism),  were
responsible for the EBPR with glucose supply. AtpH6.9,1C
mmol of glucose generated approximately 0.42 C mmol of
PHAs, whereas 0.12 P mmol of phosphate was released
during the anaerobic stage. [7]. According to the test results,
Pseudomonas strains that were isolated from sludges for the
purpose of eliminating phosphorus were also identified as
regular PAO and dominant species to the entire microbial
population. [8].

Nitritation may be gradually raised to a stable 80%
nitritation from the initial 40% nitrite. According to the test
findings, there was a mean nitrogen elimination of 84% when
TKN at the effluent level of 6.4 mg/N Land remained in the
effluent [9]. The effectiveness of ammonium removal and the
rate of nitrite buildup were 94.12% and 83.54%, respectively.
Nitrospira, the sole nitrite-oxidizing bacterium in the system,
and Nitrosomonas, the ammonium-oxidizing bacterium with
83% of the total results from 16S rRNA (ribosomal
ribonucleic acid) high-throughput sequencing [10]. From
microbes, EPS (Extracellular Polymeric Substances), and
inorganic precipitates, the (TP) Total P of EBPR-AGS
(Aerobic Granular Sludge) was determined to be 73.7%,
17.6%, and 5.3-6.4%, respectively [11]. The systems for
biological nitrogen removal and recovery from wastewater,
including microalgal growth and a variety of bio nitrogen
removal processes such nitrification, denitrification, and
anaerobic ammonium oxidation (anammox). According to
the study, it is important to regulate external factors including
pH, temp, sunlight, oxygenation, and co2 in order to promote
the growth of microalgae and, as a response, effective
wastewater treatment [12].

According to the findings, this facility may go from
chemical precipitation to bio precipitation, followed by
mineral precipitation, with only minor structural adjustments.
Phosphorous recovery might be important, either as struvite
or, most sustainable, as calcium phosphate, a mineral with
fertilizer properties. The latter would be around one order of
magnitude less expensive than the former [13].

The removal rates for SCOD (Soluble Chemical Oxygen
Demand), N-NH4 + (60%) and TSS (Total Suspended
Solids) (70%) and VSS (Volatile Suspended Solids)(80%)
are 83%, 70%, and 70%, respectively . The average F/M

(Food/Microbe) ratio was 0.2 gCOD/gVSSd. The existence
of Bacteria domains such as Nitrosomonas spp., Nitrobacter
spp., Nitrospira, and C. "Accumulibacter” cluster was
determined by analysing the microbial community [14]. In a
single tank, the SBR completes equilibrium, biological
treatment, and secondary clarification using a timed control
sequence. The findings for removing 98.4% of the
biochemical oxygen demand [15].

The Metropolitan Region of Sdo Paulo in Brazil, where
they discussed on the different process, economic feasibility
of that region and the recovered ‘P’ are distributed to
fertilizer sector as struvite product. The test results reveal that
38.0 metric tonnes per day of struvite granules are produced
and 5.3 metric tonnes per day of phosphorus are recovered
[16]. The study compares on 19 technologies with the
conventional one Sewage sludge ash is among the most
viable Phosphorous resource, with recovery efficiency of 60—
90% in comparison to wastewater P, when the costs of "P"
recovery are evaluated [17]. According to this study, 100 m3
of sewage wastewater may crystallized 1 kilogramme of
struvite for a cost of $0.07 (Australian Dollar) per kg or a
profit of $0.74 (Australian Dollar) per kg [18].

The planning and proper design should be done for LCA of
nutrient recovery. The review on 65 LCA (Life Cycle
Assessment) shows the multi functionality, fertilizer offset
accounting, contaminant accounting, and inventory and
method transparency [19]. The findings indicate that
treatment with Struvite Aerobic Granular Sludge Anammox
(SGA) was more expensive than conventional methods and
had less of an impact. [20].

Cyclic Activation Sludge Treatment Process, often known
as C-TECH, is a forthcoming version sequential batch reactor
technique. It gives the maximum level of treatment
effectiveness possible in a solitary biological mechanism..
C-Tech uses 50% less power to achieve 6 times better outlet
characteristics. C-Tech uses half the land area of other
traditional technologies, saving money on land purchases.
C-Tech is completely automated and computer controlled. It
does not necessitate continuous operator attention. The plant
may be controlled from anywhere in the globe via the
Internet. C-Tech uses stainless steel for all underwater metal
parts. This results in significantly longer plant life and lower
maintenance costs. It has an equalization capacity built in to
handle peak loads [21].

The main complexes and free ions found in the struvite
system include Mg OH+, MgH2PO4+, MgHPO4, MgPQO4-,
H3PO4, H2PO4-, HPO42-, NH3, NH4+, Mg2+, and PO43-.
According to the results of the thermodynamic modelling,
struvite precipitation starts in a supersaturated solution, and
supersaturation is dependent on the solution's composition
(total magnesium, ammonium, and phosphate), as well as its
pH level [22]. Several factors influence struvite precipitation,
including pH, Mg2+, PO43-, and NH4+ concentrations, and
the presence of other interfering ions such as calcium
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(Ca2+)[23].The pH of for struvite precipitation has been well
confirmed to be 8.0-10.7[24]. At the moment, the phosphorus
recovery methods that depend on the precipitation of
phosphoric minerals from leachates or sludge are the most
often used. Struvites, hydroxyapatites, or calcium phosphates
can precipitate as phosphoric minerals. It is an assortment of
the most popular phosphorus recovery techniques. [25].

While efforts are being made to mitigate biological
nutrient from the municipal waste water is accumulated in the
water body and causes eutrophication of water bodies. The
approach presented here recovery of the biological nutrients
in order to boost up the fertilizer application. The study's
objectives are to monitor the effectiveness of the Kanaganeri
Sewage Treatment Plant's SBR (Sequencing Batch Reactor),
to evaluate the phosphorous production, consumption, and
demand, as well as to estimate national consumption of ‘P', to
estimate the cost comparison between the production of
struvite and conventional fertilizer. Therefore, the study
experimentally examined sample testing from Kanaganeri
Sewage Treatment Plant, evaluating its effectiveness for
sustainable wastewater treatment, Puducherry's and India's
yearly uptake of Phosphorous from Sewage Treatment Plant,
estimation of Nation's total phosphorous consumption in all
sectors in the year 2020-2021, and cost comparison between
the production of struvite and conventional fertilizer.

Study Area

17MLD Kanaganeri Sewage Treatment Plant (STP) which
is located at Kanganeri Lake, Kathirkamam, Puducherry. It
has SBR and is currently being upgraded by C-Tech [Cyclic
Activated Sludge Technology], It is equivalent to the
Activated Sludge Process and the next-generation SBR.
Fill-Aeration Sequences, Aeration Sequences, and Settle
Sequences are the C-Tech processes. The treatment facility
additionally includes bio-phosphorous removal, cocurrent
nitrification and denitrification, and effluent withdrawal by
decanting [26].

MATERIALS AND METHODS

Fig. 1- Kanaganeri Sewage Treatment Plant

SBR BASIN 1

Fig.2- Kanaganeri Sewage Treatment Plant interior elevation "
Preliminary Test
pH

Regardless of whether treatment is physical/chemical,
biological, or bothBeing a chemical component of the
wastewater, pH has a direct influence on how well it can be
treated. It is essential to treatment since it contributes so
significantly to the wastewater's composition. To ensure that
the process runs smoothly and to provide the appropriate

conditions for the necessary chemical or microbiological
reactions, pH levels must be managed.

Fig. 3- pH meter

ELECTRICAL CONDUCTIVITY

TDS measurement takes a long time, and hence it's
frequently calculated using electrical conductivity (EC),
presuming that the majority of the dissolved solids are ionic
species and that their concentration is low enough to provide
a linear TDS-EC relationship: TDS (mg/L) = k. x EC
(nS/cm) where K. is a constant of proportionality.
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Fig. 4- EC Meter

COD Test [Chemical Oxygen Demand]

The COD test is commonly used in liquid waste to infer the
presence of organic molecules. It is measured in
milligrammes or grammes per litre, which represents how
much oxygen is used up for every litre of solution. The
standard method for measuring COD in Part 5220 (COD), Fig. 6- BOD TEST
open reflux method [26] have been tested in laboratory and
test results have been obtained and discussed.

Total Nitrogen

When the water is contaminated by sewage, nitrogen
" g compounds can be found in the water and are indicative of
2 ‘ organic contamination. Organic nitrogen, nitrite, nitrates,
A \ ammonia nitrogen, and this Organic nitrogen with free
\ - ] ammonia make up TKN. When analyzing soil, water, and
‘ wastewater chemically, organic nitrogen, ammonia, and
! ammonium are added together. For biological wastewater
y ' : treatment, the TKN value (Total Kjeldahl Nitrogen), for
¢ 1 B instance, is crucial. To monitor the process and perhaps make
s \ 1 adjustments, it must be determined throughout each phase of
A ' ' the purification of the wastewater process.The standard
1 i L‘ + method for measuring ORGANIC Nitrogen in Part
smlE = 3 4500-Norg, Macro-Kjeldahl Method (B) [26] have been
; — = ; tested in laboratory and test results have been obtained and
- discussed.

Fig. 5- COD Test : J

BOD Test [Biochemical Oxygen Demand] | ' , N

The term "biochemical oxygen demand” (BOD) refers to - ',‘ i \ /. ‘
the total amount of oxygen that bacteria and other types of -\ ol ) 4
microbes will consume to decompose any organic matter that '

is present in the water. A BOD test can be used to assess how

much oxygen is needed for an organic matter sample of water

to degrade. The standard method for measuring BOD in Part ;

5210 (BOD (3rd day, 27 degree C)) [26] _have been_tested in Fig. 7- Macro-KjeIdahI method-
laboratory and test results have been obtained and discussed. (Total Kjeldahl Nitrogen Test)
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PHOSPHORUS TEST

To ensure public safety and safeguard the environment,
phosphorus removal during wastewater treatment is crucial.
The elimination of this nutrient from waste streams is
essential for preventing eutrophication, a natural
phenomenon that causes algal blooms. Numerous chemical
forms of phosphorus, such as the phosphate ion (PO43-), are
present in water, soil, and sediments. Orthophosphates and
polyphosphates are examples of phosphates that can also take
an inorganic or organic form (organically-bound
phosphates). The standard method for measuring phosphorus
in Part 4500-P PHOSPHORUS (C) [26] have been tested in
laboratory and test results have been obtained and discussed.

Fig. : 8. PHOSPHORUS TEST

I1l. RESULTS AND DISSCUSSION

PRELIMINARY TEST RESULTS:
TABLE: 1. Kanaganeri Sewage Test Results

sl Inlet Outle_t Not Ou_tlet
Test Chlorinated | Chlorinated
No Sample
Sample Sample
pH
1. (no unit) 7.9 7.2 75
5 TDS 1200 650 638
" |(mgll) mg/I mg/l mg/I
3 BOD 300 10 4
" |[3"Day, 27°c] | mg/l mg/l mg/I
4 CoD 435 58 50
" |(mg/l) mg/l mg/l mg/l
Total
5. |Nitrogen ol gl o
6 Phosphorous 8 2 1.6
" |(mg/l) mg/I mg/l mg/I|

The 9 samples (Inlet Sample, Outlet Not Chlorinated
sample, Outlet Chlorinated Sample) from 17MLD
Kanaganeri Sewage Treatment Plant (STP) which is located
at Kanganeri Lake, Kathirkamam, Puducherry had been
tested and test result are tabulated above.

PHOSPHATE UPTAKE FROM SEWAGE

In India there are 1469 STP [Sewage Treatment Plant] and
having the installed capacity of 31841MLD [Million Liters
per Day] [27]. If we recovered 70% of inlet Phosphorous
which is 8(mg/L) which shows 65.08 Million Kg of
Phosphorous per year (2022).If we recovered the inlet
Phosphorous from 30 years of now which contributes
1.952Billion Kg of Phosphorous (2052). Similarly in
Puducherry, the no. of STP is 3 and Total sewage capacity is
51MLD[27]. If we recovered 70% of inlet Phosphorous
which is 8(mg/L) which shows 1,04,244 kg/year of ‘P’ in
(2022) and Phosphorous from 30 years of now which
contributes 31.27 Lakhs Kg of Phosphorous (2052). This has
been clearly represented in the below mentioned fig.9.

PHOSPHATE Uptake
[ Lakhs kg/year ]

G/m\,

ST

India Puducherry india ‘

2022 2022

Puducherry
2052

2052 ‘

=#=PHOSPHATE uptake Lakhs kg/year

Fig. 9-Phosphate Uptake from Sewage

FERTILIZER NEEDS IN INDIA

India is the world's second largest fertilizer user (urea
accounting for more than two-thirds of total fertilizer
consumption) and the third largest producer of nitrogenous
fertilizers (China and the US rank before India). India's
population of 1.42 billion people today means that in 2022,
there will be a huge demand for fertilizer, amounting to 21.80
billion kg. When the population reaches 1.64 billion after 30
years, there will be a significant demand for fertilizer, with
25.53 billion kg needed in 2052.

Fertilizer needs in India

WSeries] MSeries2

Population(Billion)
Fertilizer(Billion Kg)

Fig. 10- Fertilizer Needs in India
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COST ANALYSIS OF FERTILIZER IN INDIA

n

COST ANALYSIS OF FERTILIZER IN
INDIA- 2022

200 [ Cost(Rs.) per Bag

5 50Kg 50K
Comple NPK $$P 16 yop

081 5006 | 50 | g |
Urea| py

Struvite

Fig. 11- Cost Analysis Of Fertilizer In India and the cost
comparison between the production of struvite and
conventional fertilizer.

India is a top importer of urea and other soil nutrients
required to feed its massive agriculture industry, which
employs approximately 60% of the country's workers and
accounts for 15% of the country's $2.7 trillion economy. So,
various fertilizer industries started to produce their products
to meet the demand for fertilizer. There emerges the cost
variation in products and wide range of product marketed.
This causes the depletion of non- renewable sources mined
phosphate rocks.

The total production of phosphorite/rock phosphate is at
1,400 thousand tons in 2019-20. In India total rock phosphate
mines are 7[28].The cost comparison between the production
of struvite and conventional fertilizer, 1 kg of struvite
(Struvite (Magnesium Ammonium Phosphate) is the product
from Phosphorous recovery) is Rs. 200. Thereby suggesting
struvite is economical than commercial fertilizer (Urea,
Diammonium Phosphate (DAP), Single Super Phosphate
(SSP), Muriate of Potash (MOP) and other Complex
fertilizers and NPK Fertilizers (Fertilizers having different
grades of Nitrogen (N), Phosphorus (P), and Potassium (K) ).

INDIA'S PHOSPHATE CONSUMPTION DATA

INDIA- Consumption data of
Phosphate -[2020 -2021]

Consumption data of phosphate -[2020 -2021 ]
7600

5888833
38388388

Million KG/YEAR
o

004400 L 45 .24 +07
- <

& &

\2‘1

-
&
z\)
&
&

3
<

Quantity of phosphate in INDIA

Product Name
SECTOR WISE

TOTAL PHOSPHATE CONSUMPTION IN ALL SECTORS= 8808.99 Million Kg /year l

L d

Fig. 12-India’s Total Phosphorous consumption in all
sectors.

The demand for phosphorus has been rising quickly every
day. Phosphorus has been a primary component of many
commercial products in a variety of industries, including the
following: Soft drinks, animal feed, fertilizer, detergents,
pesticides, pharmaceuticals, Toothpaste, glass, photographic
films, matches, fireworks, military smokescreens, incendiary
bombs etc. Thus India’s Total Phosphorous consumption
in all sectors is 8808.99 Million Kg /year.

IV. CONCLUSIONS

The test carried out for three different sample inlet,
outlet before chlorination, and outlet after chlorination
from kanaganeri STP and results are obtained. The
testing results showed that the optimal amounts of
nitrogen and phosphorus are within the permitted range,
preventing eutrophication.

Phosphorous fertilizer consumption is 7.6 billion
kilograms of "P," whereas imports and production
combined cannot full fill the 1.42 billion people’s need
for ‘P.’ In order to compensate the Phosphate demand,
from 1469 STP if we recover ‘P’ we will get 65.08 M
Ko/ year of phosphorous for India.

The total amount of phosphorous consumed in India
each year is 8808.99 Million Kg. The resource "P"
should be recovered in a sustainable manner in order to
meet the needs. One promising strategy for recovering
"P" is through wastewater.

The study results of the cost comparison between
struvite fertilizer and conventional fertilizer show that
struvite fertilizer is more affordable than other
conventional fertilizer.

V. ACKNOWLEDGMENTS

The authors wish to express profound gratitude to Dr. R.
SARAVANANE and Dr. S.GOVINDARADJANE for their
exceptional direction, constructive input, persistent
encouragement, and support at every step of the way; without
them, it would have been difficult to accomplish the
assignment. My special gratitude out to the staff members
and other members of the Environmental Engineering
Laboratory who assisted me during the project..

REFERENCES
(1]

Z. Yuan, S. Pratt and D.J. Batstone, “Phosphorus recovery
from wastewater through microbial processes,” Current
Opinion in Biotechnology, Vol. 23, pp.878-883, December
2012.

K. S. Le Corre, E. Valsami-Jones, P. Hobbs and S. A.
Parsons,“Phosphorus Recovery from Wastewater by Struvite
Crystallization: A Review”, Critical Reviews in
Environmental Science and Technology, vol. 39, no. 6,
pp.433-477, May 20009.

A. Tilche, G. Bortone, F. Malaspina, S. Piccinni and L. Stante,
“Biological nutrient removal in a full-scale SBR treating

[2]

(3]

24



#+IFERP

ISSN (Online) 2456-1290

International Journal of Engineering Research in Mechanical and Civil Engineering
(IJERMCE)

Vol 9, Issue 10, October 2022

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

piggery wastewater: results and modelling,” Water Science
and Technology ,vol.43, no.3, pp. 363-371, February 2001.
T.J. Ghehi, S. Mortezaeifar, M.Gholami, R.R Kalantary and
A.H Mahvi, “Performance evaluation of enhanced SBR in
simultaneous removal of nitrogen and phosphorous,” Journal
Of Environmental Health Science & Engineering, vol.12, pp.
134, November 2014.

M. Coma, S. Puig, H. Monclis, M.D. Balaguer and J.
Colprim, “Effect of cycle changes on simultaneous biological

nutrient removal in a sequencing batch reactor
(SBR),” Environmental Technology, vol.31, pp. 285-294,
February 2010.

N. Artan; D. Orhon; R. Tasli, “Design of SBR systems for
nutrient removal from wastewaters subject to seasonal
fluctuations,” Water Science and Technology, vol.46, no.8,
pp. 91-98, October 2002.

C.O. Jeon and J.M. Park, “Enhanced Biological Phosphorus
Removal In A Sequencing Batch Reactor Supplied With
Glucose As A Sole Carbon Source,” Wat. Res, vol.34, no.(7),
pp.2160-2170, May 2000.

S.H. Lin and K.W. Cheng, “A new sequencing batch reactor
for treatment of municipal sewage wastewater for agricultural
reuse,” Desalination, VVol.133, pp.41-51, February 2001.

R. Blackburne, Z. Yuan and J. Keller, “Demonstration of
nitrogen removal via nitrite in a sequencing batch reactor
treating domestic wastewater,” WATER
RESEARCH, vol.42, pp. 2166-2176, April 2008.

W. Chen, X. Dai, D. Cao, S.Hu, X. Hu, W. Liu and D. Yang,
“Performance and microbial ecology of a nitritation
sequencing batch reactor treating high-strength ammonia
wastewater,” Scientific Reports,Vol.6, pp.35693, October
2016.

W. Huang, W. Huang, H. Li, Z. Lei, Z. Zhang, T.H. Tay and
D. Lee, “Species and distribution of inorganic and organic
phosphorus in enhanced phosphorus removal aerobic granular
sludge,” Bioresource Technology, Vo0l.193, pp.549-552,
October 2015.

S. Rahimi, O. Modin and 1. Mijakovic, “Technologies for
biological removal and recovery of nitrogen from
wastewater,” Biotechnology Advances, Vol.43, pp.107570,
November 2020.

M.C. Tomei, V. Stazi, S. Daneshgar and A.G. Capodaglio,
“Holistic Approach to Phosphorus Recovery from Urban
Wastewater: Enhanced Biological Removal Combined with
Precipitation.” Sustainability, vol.12, pp.575, January 2020.
H. Fernandes, M.J. Jungles, H. Hoffmann, R.V. Antonio,
R.H.R. Costa, “Full-scale sequencing batch reactor (SBR) for
domestic wastewater: Performance and diversity of microbial
communities,” Bioresource Technology, vol.132,
pp.262-268, March 2013.

K.L.Norcross, “Sequencing Batch Reactors - An
Overview,” Wat. Sci. Tech., vol. 26, no.(9-11), pp.2523 —
2526, November 1992.

A.S .Sanchez, “Technical and economic feasibility of
phosphorus recovery from wastewater in Sdo Paulo’s
Metropolitan Region,” Journal of Water Process Engineering,
vol. 38, n0.101537, December 2020.

L.Egle, H.Rechberger, J.Krampe and M.Zessner, “Phosphorus
recovery from municipal wastewater: An integrated
comparative technological, environmental and economic
assessment of P recovery technologies,” Science of the Total
Environment, vol.571, pp.522-542, November 2016.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

L. Shu, P. Schneider, V. Jegatheesan and J. Johnson, “An
economic evaluation of phosphorus recovery as struvite from
digester supernatant,” Bioresource Technology, vol. 97,
pp.2211-2216, December 2005.

K.L. Lam, L. Zlatanovi¢ and J.P.V. Hoek, “Life cycle
assessment of nutrient recycling from wastewater: A critical
review,” Water Research, vol. 173, no. 115519, April 2020.
O. Alagha, A. Allazem, A.A. Bukhari, 1. Anil and N.D.
Mu'azu, “Suitability of SBR for Wastewater Treatment and
Reuse: Pilot-Scale Reactor Operated in Different Anoxic
Conditions,” Int. J. Environ. Res. Public Health, vol.17,
no.1617, March 2020.

B. Kulkarni, R.V. Wanjule, H.H. Shinde, “Utilization Of
Advance C-Tech Technology For Reuse Of Sewage In
Sewage Treatment Plants Of Navi Mumbai,” International
Journal of Advances in Mechanical and Civil Engineering,
Vol.3, no.4, August 2016.

M.IL Ali, “Struvite crystallization in fed-batch pilot scale and
description of solution chemistry ofstruvite,”Chemical
Engineering Research and Design, Vol.85, pp.344-356,
March 2007.

Demirer, S.U. Demirer, G.N. and S. Chen, “Ammonia
removal from anaerobic digested diary manure by struvite
precipitation. “Process Biochem, Vo0l.40, pp. 3667-3674,
March 2005.

K. Ohlinger, T. Young, and E. Schroeder, “Predicting struvite
formation in digestion,” Water Research, Vol.32, no.12, pp.
3607-3614, November 1998.

Z. Yuan, S. Pratt and D. J. Batstone, “Phosphorus recovery
from wastewater through microbial processes,” Current
Opinion in Biotechnology, vol. 23, no.6, pp. 878-883,
December 2012.

B. Kulkarni, R.V. Wanjule and H.H. Shinde, “Utilization Of
Advance C-Tech Technology For Reuse Of Sewage In
Sewage Treatment Plants Of Navi Mumbai,” International
Journal of Advances in Mechanical and Civil Engineering,
vol.3, no.4, August 2016.

State Pollution Control Board (SPCB), “National Inventory of
Sewage Treatment Plants,” Central Pollution Control
Board, Ministry of Environment, Forest and Climate Change,
Govt. of India, March 2021.

Government of India Ministry Of Mines Indian Bureau Of
Mines, “APATITE AND ROCK PHOSPHATE Indian
Minerals Yearbook”, October 2020.

AUTHORS PROFILE

Aishwariya R..P, M.Tech Environmental
Engineering in Puducherry Technological
University,2022; B.Tech in Sri Manakula
Vinayagar Engineering College, 2020;

PUBLICATION- Dr. S. Jayakumar, Aishwariya R P,

Narmatha

,Chandni  S.S.K, GollapalliSumanaHimaja.

“STUDIES ON THE PROPERTIES OF POLYMER MESH
INDUCED FERROCEMENT,” Alochana Chakra Journal,
Vol. IX, no. V, May 2020.

RESEARCH WORK - Worked on BIOHYDROGEN -
GREEN ENERGY Drive - Startups & Prototype - PTU -
Team Students & Scholars,

MEMBERSHIP- IWA [The International Water Association]

25



##IFERP

ISSN (Online) 2456-1290

International Journal of Engineering Research in Mechanical and Civil Engineering
(IJERMCE)

Vol 9, Issue 10, October 2022

Dr.R.Saravanane Ph.D. Environmental
Engineering - IIT Madras, 2003; M.E.
& Environmental Engineering (Centre for
Environmental Studies, CES), College of
Engineering, Guindy, Anna University,

Chennai, India, 1993; B.E. Civil Engineering - University of

Madras, PEC, Puducherry, INDIA, 1989 - FIRST Batch -

Alma Mater PEC.

PUBLICATIONS-

[1] V. Baskaran and R. Saravanane (2021), Experimental
investigation on Spirulina algae based thermal still for
effective bio-desalination, Environmental
Nanotechnology, Monitoring & Management (Elsevier)
15, 100434, 1-5

[2] V. Baskaranand R. Saravanane (2021), Dispersed Solar
Still for effective Desalination using Montmorillonite
Nanoparticle for sturdy clean water yield, IWA: AQUA
— Water Infrastructure, Ecosystem and Society, 70,
674-683

[3] V. Baskaran and R.Saravanane (2021), Rendering
Utility water with solar still with efficiency of solar
stills  with  different geometry - A review,
Environmental  Nanotechnology, Monitoring &
Management (Elsevier) 16, 100534, 1-12.

INDIAN PATENTS Granted: 3 Patents - THE PATENT

OFFICE, Intellectual Property Rights (IPR), Govt. of India,

INDIA [1] PATENT No. 322019, Title of Invention -

Development of a combined biohydrogen and methane

production unit using Two- stage anaerobic Co-digestion

process, 2019 [2] PATENT No. 285960, Title of Invention -

Determination of Sustainable Flux For membrane Bioreactor

Treating Antibiotic Waste water, 2017 [3] PATENT No.

283333, Title of Invention - Improved Effluent Treatment

process to Recover Residual from Antibiotic Pharmaceutical

Waste Water, 2017

RESEARCH WORK-NATION’S ‘VISION for 2047°- ‘New

INDIA’- RESEARCH to Futuristic TECHNOLOGY [1]

BIOHYDROGEN - GREEN ENERGY Drive - Startups &

Prototype - PTU - Team Students & Scholars -

TECHNOLOGY TRANFER to Commercialization [2]

Startups in Water Process Technology [3] Startups in Waste

Water Process technology [4] Biomass to Biomethane &

Biohydrogen [5] Carbon Sequestration and Climate Change

Mitigation .

Dr.S.Govindaradjane Ph.D. Civil
Engineering - Pondicherry  University,
Pondicherry (2006) ; M.E. Environmental
Engineering - Annamalai  University,
Tamilnadu (1993) ; AMIE-IE(I), (1989)
PUBLICATIONS-
[1] V. Jayakumar, S. Govindaradjane, M. Rajasimman,
Efficient adsorptive removal of Zinc by green marine
macro alga Caulerpa scalpelliformis —Characterization,

'

Optimization, Modelling, Isotherm, Kinetic,
Thermodynamic, Desorption and Regeneration Studies.
Surfaces and Interfaces, Elsevier 22, 2021

[2] V.Jayakumar, S. Govindaradjane, M. Rajasimman,
Sustainable removal of cadmium from contaminated
water using green algae - optimization, characterization
and modelling studies, Environmental Research,199,
2021.

[3] V Jayakumar, S Govindaradjane, N Rajamohan, M
Rajasimman, Biosorption potential of brown algae,
Sargassum polycystum, for the removal of toxic metals,
cadmium and zinc, Environmental Science and
Pollution Research, 1-14, 2021

[4] S Ashok Kumar, K Subathra, G Srinivasan, S
Jayaraman, S.Govindaradjane., Impact of Tween-80
and Deep Eutectic Solvent-Based Micellar-Enhanced
Ultrafiltration in  Dairy Wastewater Treatment
Chemical Engineering & Technology 44 (5), 913-922,
2021.

[5] S.Govindaradjane, T.Sundararajan , S.Pradeepkumar,
Studies on Bioleaching and recovery of metals from
printed circuit boards using Thiobacillus novellus
bacteria, International solid waste association (ISWA),
2021

RESEARCH WORK- [1] Solid Waste Management and

Energy recovery [2] Tertiary Waste Water treatment [3]

E-Waste management [4] Green Building - Energy Efficient

Building.




