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Technical Evaluation of 
Sequential Batch Reactors.....22
Aeration, a component of SBR is considered to be the most 

energy-intensive process at wastewater treatment plants as it 
consumes up to 65% of a plant’s total energy need.

By Dr Madhuri Damaraju 

Aerobic Wastewater Treatment 
Technologies -  Contribution of 

Healthy Microbial Community and 
Impacts............30

Highly even community structure and rich diversity of 
microbes contribute to efficient treatment of the plants  

By Dr. Purvi Zaveri

Comparison of Advanced Water 
Technologies.......34

This article will discuss some common definitions of water 
quality parameters, such as oil concentration, emulsions, 

free oil, etc.
By Chip Westaby

Aerobic Wastewater Treatment 
Technologies: A Mini 

Review..........42
For concentrated industrial wastewater aerobic treatment is 

a substitute to the slower anaerobic treatment processes. The 
review concludes that suspended growth bioreactors are very 

efficient at low organic loading rates for treating wastewaters. 
Most of the biofilm reactors have a same level of COD removal.

By Tumpa Mondal, Ankan Jana, Debajyoti Kundu

Reviewing Aerobic Technologies 
for the Treatment of 
Wastewater...............50
There are multitudes of aerobic biological treatment processes 
and technologies in literature and practice. Biological 
treatment using aerobic activated sludge process has been in 
practice for over a century.
By Mr. Kondiba Metkari 

Optimal Nutrient Ratios for 
Wastewater Treatment....58
Continuously operating process measurement devices have 
demonstrated that they are indispensable aids to achieving greater 
transparency and reliability in wastewater treatment. The article 
describes the causes and effects of unfavourable nutrient ratios, & 
measures to be taken to deal with them.
By Michael Winkler 

Impact of Advancement 
In Wastewater Treatment 
Methods.............64
The article discusses the impact of advancement in wastewater 
treatment methods. Read on…
By S.M. Kumar
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Toshiba Water Solutions receives order of  two 
Sewage Treatment Projects in India

Toshiba Water Solutions Private Limited (hereinafter TWS), a 
wholly owned subsidiary of  Toshiba Infrastructure Systems & 
Solutions Corporation (hereinafter TISS), today announced 
receiving an order from Bihar Urban Infrastructure Development 
Corporation Ltd (hereinafter BUIDCO) for construction of  
two Sewage Treatment Plants (STPs) and their Operation and 
Maintenance (O&M) services. These STPs are part of  the sewage 
construction projects undertaken by the Indian government to 
clean up the Ganges River.
 
Sharing details on the order, Mr. Koichi Matsui, Chairperson 
and Managing Director, TWS said, “Under this order, TWS 
will construct STPs in Chhapra and Begusarai located along the 
Ganges River and provide O&M services for these plants for 15 
years. These sewerage network & STP projects of  Chhapra and 
Begusarai shall collect the sewage and convey the same to the 
treatment plants through underground sewerage network, where 
sewage will be treated as per the design guidelines of  Central 
Public Health and Environmental Engineering Organisation 
(CPHEEO). The treated Sewage will be discharge to the drain”. 
As part of  this action plan, TWS constructed four Sewage 
Treatment Plants in Jharkhand and in Uttar Pradesh. “Recognized 
for its track record, TWS has been awarded the next projects in 
Bihar”, Mr. Matsui added further. 

Delhi water doesn’t conform to ISO standards

None of  the drinking water samples randomly collected from across 
Delhi conforms to the ISO standards of  purity in one or more 
requirements, the Bureau of  Indian Standards (BIS) informed the 
Supreme Court recently. Of  a total of  11 domestic piped drinking 
water samples, one is from the residence of  Union Consumer 
Affairs Minister Ram Vilas Pawan. The sample taken from his 12, 
Janpath residence failed on the parameters of  odour and aluminium 
and coliform contamination. The BIS functions under the Ministry 
of  Consumer Affairs. “It was found that all the drinking water 
samples drawn from Delhi were non-conforming in one or more 
requirements as per IS 10500:2012 [specification for drinking water],” 
concluded a 64-page report filed by the Department of  Laboratory 
Policy and Planning Department of  the BIS.

The samples were sent for testing at the laboratories accredited to 
the National Accreditation Board. The test reports are on record 
in the court. On January 13, the court ordered the pollution 
control board and the BIS to conduct a random check of  water 
quality in Delhi and submit a report in a month. The BIS report 
said it drew samples from various locations across Delhi and 20 
other State capitals under an integrated scheme. Recently, a Bench 
of  Justices Arun Mishra and Deepak Gupta deputed another 
joint inspection by the Central Pollution Control Board, the BIS 
and Delhi Jal Board. The Delhi government has maintained that 
potable water in the national capital is safe. The re-inspection has 
been ordered for further clarity.

Why new policies are needed to tackle India’s 
orphaned wells with no water

It’s time to realise that good times of  groundwater development 
are behind us, and with it the dependability on food security and 
drinking water supply.  India is currently the largest manufacturer 
of  water well drilling machines and also has the highest number 
of  drilled wells. The flip side to continued drilling of  wells, 
however, is the increasing number of  failures and orphaned wells 
that have become a nuisance. These wells have become death 
traps as children and adolescents often slip and fall into them. 

The growing stockpiles of  abandoned wells over time are poised 
to become point sources for pollutants, and turn hazardous. 
The future generations will inherit a huge underground debris 
of  abandoned holes left with pipes, pumps, motors and cables. 
Cleaning these wells will be a mammoth task too. The process 
involves removal of  all components such as stuck/abandoned 
pumps, cables and pipes, and thereafter plugging the hole with 
natural gravel pack and grout, before topping it with a sanitary 
seal. It is not just the size of  wells but also the composition of  
these materials that complicates the process of  clean-up and 
increases restoration costs. 

25 years after factory downing shutters, 
chromium sludge causes groundwater 
contamination in Chennai’s Ranipet

The sludge continues to seep into the groundwater, poisoning it and, 
thereby, the residents who live around the old SIPCOT complex in 
Ranipet town.  Almost 25 years after a factory downed shutters, 
chromium sludge left behind has caused heavy groundwater 
contamination. While a plan to get rid of  the hazardous waste 
& detoxify water gathers dust, officials fret over how to fund the 
clean-up. A lot of  water has flowed down the Palar since the Tamil 
Nadu Chromates and Chemicals Limited (TCCL) factory was 
abandoned in 1995 but little has been done about the 2.27 lakh 
tonnes of  chromium sludge heaped in its premises.

The reasoning being the total cost of  safely disposing of  the sludge 
would come up to a whopping Rs 500 crore over the years. While 
the Tamil Nadu government hopes that the Union government 
will chip in, the Central Pollution Control Board (CPCB), which 
flagged the issue in 2015, has said its role is limited to monitoring 
the remediation. Meanwhile, the sludge continues to seep into the 
groundwater, poisoning it thereby, the residents who live around 
the old SIPCOT complex in Ranipet town. 

Meanwhile:
Ensure Polavaram project is done by June 
2021: Andhra CM Jagan

Directing officials to specifically focus on timely completion of  
land acquisition, rehabilitation and resettlement (LARR) for the 
Polavaram Project, Chief  Minister YS Jagan Mohan Reddy has 
told water resources officials to prepare a plan of  action to finish 
the project by June 2021. He also said work on the spillway and 
approach channel should be completed by June this year so water 
can be diverted through them to enable the construction of  an 
earth-cum-rockfill dam (ECRF) even during the flooding season. 
The CM visited the project site on Friday and conducted an aerial 
survey before holding a comprehensive review meeting with the 
officials. He noted that the action plan must be prepared taking 
into account previous mistakes.  Recalling that work was stalled last 
year for over four months during flooding as the planning lacked 
vision, Jagan said steps should be taken to complete the spillway 
and approach channel work by June so water can be channelled 
to ensure working conditions for the ECRF dam. “Similarly, work 
on the gaps in the cofferdams should be completed by then,” he 
said, adding that adequate funds would be allotted for the same as 
Polavaram was among the government’s priorities.

Taking a cue from the digestive physiology of  a cow, 
ECOSTP is treating sewage water and finding takers

At its core is water treatment, but the process is unique. Bengaluru-
based start-up ECOSTP Technologies converts “bad water into good 
water using the cow stomach mechanism”. A large part of  sewage 
water in India is untreated, so the solution lies in sewage treatment 
plants (STPs). But conventional STPs, says Tharun Kumar, one of  
the four co-founders of  the company, “need power and that too, 
in most cases, thermal power”. The start-up offers a ‘Zero Power 
Zero Operator’ option, based on how a cow’s stomach functions. 
“A cow’s stomach has four compartments which help it digest grass 
using anaerobic bacteria and convert it to milk. Similarly, we use four 
chambers and anaerobic bacteria to convert bad water into good 
water. You could call it biomimicry,” says Kumar.
Apart from Kumar, ECOSTP’s other co-founders also have 
expertise in water management. E. Muralidharan, who was 
associated with NIH Georgia Tech, US, has expertise in bio-
engineering. Simar Kohli is a hydro-sociologist. In the very first 
year of  being established in September 2017, the start-up signed up 
two clients and had a total revenue of  around Rs 12 lakh. Kumar 
says they hope to add 64 clients in 2019/20 and increase revenue 
to Rs 3.5 crore.

AP Polavaram project: NGT orders committee 
to probe alleged violations

The National Green Tribunal (NGT) directed a committee to 
submit a report on a plea highlighting adverse consequences of  
the Polavaram Project in Andhra Pradesh. A bench headed by 
NGT Chairperson Justice Adarsh Kumar Goel said a committee 
-- comprising representatives of  the Central Pollution Control 
Board, additional principal chief  conservator of  forests, the State 
Pollution Control Board and the district magistrate -- to give a 
report on the factual aspects. “The committee may look into the 
grievance of  the applicant and give a separate report by e-mail by 
the next date of  hearing. The CPCB will be the nodal agency for 
compliance and coordination,” said the bench, also comprising 
Justice S P Wangdi, while posting the matter for hearing on 
May 4. According to the applicant Ponguleti Sudhakara Reddy, 
the project may result in displacement of  hundreds of  families 
without there being any plan for rehabilitation.

The plea, filed through advocate Sravan Kumar, alleged environment 
violations at the site and claimed that a huge quantity of  waste 
material was being dumped in agricultural lands near Polavaram 
project. Polavaram, which the Andhra Pradesh government claims 
is the “lifeline of  the state”, was declared as a national project 
under the AP Reorganisation Act, 2014. Being constructed across 
the Godavari river, the multi-purpose irrigation project is spread 
across Andhra Pradesh, Odisha and Chattisgarh.

‘Pay heed to waste water treatment’

To discuss challenges being faced for managing, reusing and 
recycling waste and wastewater management in Ludhiana, the 
PHD Chamber of  Commerce and Industry in association with 
the Federation of  Industrial and Commercial Organisation 
(FICO) organised a seminar, wherein more than 100 industrialists 
from in and around Ludhiana participated. Gurmeet Singh Kular, 
president, FICO and zonal chairman Ludhiana, Punjab State 
Chapter, urged industrialists in Ludhiana to pay more attention 
towards the treatment of  their wastewater and other pollution-
related matters. There is a need to ensure that the treatment 
plants set up by industrial units are operational and untreated 
waste is not dumped into the Buddha Nullah.

Chief  guest Prof  Satwinder Singh Marwaha, chairman, Punjab 
Pollution Control Board, said: “Over a period of  time, our focus 
on environment protection has declined and shift has been 
towards increase in agriculture production and food security. 
Technological development is the key for industrial growth 
and all stakeholders need to work together for environmental 
protection for giving better future to our younger generation. 
Eminent speakers addressed participants and proposed solutions 
towards the improvement of  current situation by conducting 
Water-Wastewater Audit and cleaning of  the Buddha Nullah by 
Korean Nano Bubble Innovative Technology for wastewater 
treatment during the session.
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Mott MacDonald appoints Rachel Ellison 
as managing director for its water and 
environmental unit

Rachel Ellison joined the company from Costain in 2019 where 
she gained experience as an engineer, project director and 
business leader working across a range of  sectors on some of  the 
largest and most challenging infrastructure schemes in the UK. 
In her new role Rachel is responsible for leading and developing 
Mott MacDonald’s Water and Environmental business within the 
company’s UK and Europe region and supporting the growth of  
its Water and Environmental service offering globally.

Commenting on her appointment Rachel said: “It is a huge 
responsibility and privilege to join Mott MacDonald to lead its water 
and environmental unit at a time of  unprecedented change for our 
industry, where we are being asked to step up and play our part in 
finding innovative and sustainable solutions to some of  the world’s 
most immediate problems. “Population growth, urbanisation, climate 
change, diminishing natural resources and an aging infrastructure are 
just some of  the pressing issues we come face to face with daily. The 
great news is that at Mott MacDonald we have incredible people with 
the technical excellence, creativity and passion to take on these global 
issues and make a real difference to society.”

Detectronic launch successor to MSFM

 Over the last 10 years, flow monitoring specialists, Detectronic, 
have built a solid reputation for their highly reliable and easy-
to-use monitoring system, the MSFM. The R&D team has now 
launched a successor to that system, the MSFM S2.5.

The new MSFM S2.5 offers new functionality, increased data 
storage capacity and improved technology to measure both 
depth and flow. It includes an integrated temperature sensor, 
improved depth measurement, on-board flow calculation, a flow 
proportional sampler output and a 2G + 3G capable modem 
for the additional benefit of  overseas customers, particularly 
those located in North America where the 2G network has been 
discontinued.

“The MSFM S2.5 facilitates even more accurate flow monitoring,” 
explains Nick Bennett, development manager for Detectronic. 
“The in-built temperature sensor is ideal for monitoring many 
different sources of  effluent that may enter an effluent stream. 
This means the MSFM S2.5 is particularly well suited to flow 
survey monitoring in coastal sites where infiltration from seawater 
can easily be observed with a temperature changes at high tide.”

UK Government backs technology to convert 
wastewater into commercial fertiliser

CCm Technologies in partnership with Severn Trent has been 
awarded approximately £1 million government funding to explore 
new sustainable ways to recycle wastewater and convert it into a 
commercial product. The water and waste company has received 
grant funding from the Department for Business, Energy and 
Industrial Strategy (BEIS) and the Carbon Trust, as part of  their 
Industrial Energy Efficiency Accelerator programme.

The project focuses on a new process, developed by CCm 
Technologies, which uses captured carbon dioxide to stabilise, 
nitrogen, phosphate and organic chemicals held within waste 
streams at Severn Trent, turning them into sustainable plant 
nutrients The funding will go towards developing an entirely 
new solution for treating wastewater in the sewage process. This 
approach, in partnership with CCm Technologies, is a world first 
for the wastewater sector and will substantially reduce the amount 
energy needed, as well as increasing the quality. Paul Knuckle, 
external funding lead at Severn Trent, said: “We are really excited 
about this award from the Carbon Trust and BEIS because it’s a 
first for Severn Trent and CCm Technologies. We’ve demonstrated 
how well aligned our wastewater recycling ambition is to the 
government energy efficiency strategy and how we can support the 
circular economy with the potential to produce value from waste. 

Rezatec and Isoil Industria win contract to 
provide innovative satellite data analytics to 
Italian multi-utility, HERA Group

Rezatec, leading provider of  satellite data analytics, has won a 
contract for a pipeline risk assessment deployment with leading 
utility HERA Group, through its Italian partners, Isoil Industria 
SPA. HERA Group is a multi-utility, populated with 11 local 
utilities, in the north of  Italy. Last year HERA Group accepted 
membership into the Leading Utilities of  the World network 
and received a ‘Golden Tap’ award for performance. HERA 
Group commissioned Isoil, to help further understand network 
dynamics and sensitivities, as well as reduce non-revenue water 
by using new, innovative technologies to interact with existing 
technologies.

Isoil, in turn, partnered with Rezatec, to deploy its pipeline 
risk assessment solution, combining satellite data with machine 
learning techniques, to produce likelihood and consequence of  
failure risk maps, identifying parts of  the network at higher risk 
of  failure. “We’re delighted to have won the contract with HERA 
Group to implement Rezatec’s satellite technology to look at the 
likelihood and criticality of  failure,” commented Luca Scansetti, 
Isoil. By using Rezatec’s technology, HERA Group will be benefit 
from an advanced and data-driven approach to focus field crews 
on target areas, and for prioritising upgrades in areas of  the 
network with the highest risk.

Syrinix announces PIPEMINDER-ONE 
– a new monitoring solution for supply and 
wastewater pipelines

Improved processing capabilities of  the next-gen PIPEMINDER-
ONE enable smart transient event detection to calm distribution 
networks. Syrinix announces the launch of  PIPEMINDER-
ONE, the next generation of  smart water distribution network 
monitoring hardware. The evolutionary system has been designed 
to enhance the way utility companies use data by providing 
actionable insights to calm networks and reduce leakage and 
bursts.  “PIPEMINDER-ONE is a step change in efficient 
and effective network management,” said James Dunning, 
CEO, Syrinix. “Utilities are running faster in the battle to reduce 
leakage and bursts on ageing networks. With the data provided 
by PIPEMINDER-ONE and the analysis and services provided 
by Syrinix, utilities can see and address many of  the underlying 
causes of  those leaks and bursts and take new and significant 
steps forward in prolonging asset infrastructure and pinpointing 
problems.”
 
Building on the smart functionality of  previous PIPEMINDER 
technologies, the new system features improved processing 
capabilities that enable smart transient event detection and 
automated alarms, with a cellular connection that can make use 
of  all available networks. Combined with RADAR, Syrinix’s 
cloud-based platform, deployments of  PIPEMINDER-ONE 
can detect network-wide pressure events, classify and recognise 
event types and triangulate event sources with high-resolution 
data capture. Network data, events and activity can be integrated 
live into third party analyses and SCADA systems.  

Precise temperature monitoring in systems 
and piping with new temperature sensor in 
the GEMÜ range

The GEMÜ 3240 temperature transducer/switch supersedes the 
existing GEMÜ 3220 product range with immediate effect. The 
new sensor’s high-quality measuring cells are able to withstand 
media temperatures of  between -40 °C and +150 °C and operating 
pressures of  up to 160 bar while maintaining an accuracy of  
0.35% FSO. In addition to the considerably broader measuring 
scope, the new series scores highly in terms of  its wide range of  
features. For demanding acid/alkali applications, all media wetted 
parts are available with PVDF encapsulation, for example. With 
an IO-Link interface, the GEMÜ 3240 temperature transducer/
switch can be used centrally to automate and monitor processes. 
This is beneficial for system networking, for example, as it 
makes components compatible with one another and facilitates 
parameterization and data transmission. 

The new GEMÜ 3240 temperature transducer/switch can be 
used for a wide variety of  applications. The sensor is a reliable 
temperature measurement and control instrument for use in 
cooling circuits or for monitoring sterilization processes. It is 
suitable for a huge variety of  media, such as highly viscous or 
contaminated media. 

Purolite launches next-level innovation of  ion 
exchange resin simulation platform

Purolite Corporation announces the launch of  Purolite Resin 
System Modeling platform or PRSM™, the latest in resin plant 
simulation. PRSM is a free cloud-based program that models 
all aspects of  plant design associated with ion exchange resin 
performance and operation.  Developed by a team of  engineers 
and based on decades of  experience, PRSM was designed to be 
the go-to source for architectural engineers, original equipment 
manufacturers and those evaluating IX resin usage. PRSM 
considers 900+ variables that optimize ion exchange products 
and quantities based on a site’s unique needs. The customized 
reports provide performance evaluations for various product and 
plant configurations – either for new or existing plants designs.

The PRSM platform currently comprises six calculators: Water 
softening, demineralization, WAC sodium cycle softening, and 
modules for removal of  nitrate, arsenic and boron. Additional 
modules such as Mixed Bed, Brine Purification and PFAS removal 
are under development. “PRSM is a game changer for our 
industry because it incorporates not just plant design capabilities 
but operating cost information that can help engineers to make 
better decisions” states Francis Boodoo, director of  applied 
technologies for Purolite Corporation. 

Record results in Grundfos strengthens 
foundation for the future

Grundfos reaches its 10% profitability target one year ahead of  
time and secures the highest ever sales, employee satisfaction and 
customer loyalty. Strong traction on sustainability performance 
continues. In 2019, net turnover in Grundfos increased by 3% 
to DKK 27.5bn, which is the highest level in Grundfos’ 75-
year history. This corresponds to 2.2% organic growth in local 
currencies compared to 2018. Earnings before interest and tax 
(EBIT) grew by 16% to DKK 2.8bn, or 10.1% of  turnover. 
Adjusted for items not related to the operations of  the company, 
the performance EBIT reached 10.6% of  net turnover, which 
makes 2019 the first year the Grundfos Strategy 2020 target of  
10% return on net turnover has been achieved.
“We are happy with the financial result and very satisfied with our 
ability to drive continued growth while positively impacting the 
world’s climate and water challenges,” says Mads Nipper, CEO 
and Group President, Grundfos.
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Real-time engine oil analysis helps AD 
operators protect their most expensive asset

In a bid to help AD operators reduce engine maintenance costs, 
prolong the life of  their asset and increase operational efficiency, 
gas engine support specialist Gen-C will launch their latest 
range of  oil condition monitoring sensors at Energy Now 2020. 
Providing a 24/7, real-time analysis of  the quality of  your gas 
engine oil, the sensors detect any contamination including fuel, 
water or metal and provide a snapshot of  the overall health of  
your engine – often the most expensive piece of  equipment 
on an AD plant. Says James Thompson, Managing Director of  
Gen-C. “Oil quality is an often-overlooked area that can have 
a detrimental effect on an engine’s overall running. Our oil 
condition monitoring sensors can help operators plan scheduled 
maintenance at a time that coincides with an oil change, thereby 
increasing uptime, as well as protecting the engine by detecting 
any contamination issues as soon as they occur. They also help 
operators avoid over-ordering engine oil, keeping costs down.”

Gen-C’s engine upgrade service includes the latest ignition system, 
fuel mixer, throttle, detonation control, HT leads and spark plugs 
– as well as oil condition monitoring sensors – and comes with an 
open access control panel, enabling operators to take full remote 
control of  their engine 24/7.

Standards NSF/ANSI cuts permissible lead 
concentration to 5 ppb

The joint committee governing the American National Standards 
for drinking water treatment units recently lowered the maximum 
allowable concentration of  lead in treated drinking water to 5 
parts per billion. 

Standards NSF/ANSI 53: Drinking Water Treatment Units - 
Health Effects and NSF/ANSI 58: Reverse Osmosis Drinking 
Water Treatment Systems, now require drinking water treatment 
units to reduce the lead in drinking water to 5 ppb or less. This 
is a 50% drop from the previous 10 ppb and a threshold that 
matches Health Canada’s new maximum allowable concentration 
level of  5 ppb.

To be certified by NSF International, drinking water filters and 
treatment devices are tested with challenge water containing 150 
ppb lead, 10 times the US Environmental Protection Agency’s 
action level of  15 ppb.   Previously, a water treatment system 
could be certified if  it reduced lead to 10 ppb or lower and met 
other requirements set by the standard, such as material safety and 
structural integrity. These other requirements remain unchanged.
Updates to both standards are effective immediately for any new 
filter or filtration device claiming to reduce lead.

Wangen’s new X-UNIT system offers 6 bar 
pressure stability

Wangen’s new modular X-UNIT system, designed for the 
separation and crushing of  foreign bodies provides protection 
for plant and equipment and now has 6 bar pressure stability and 
optimised properties. The X-UNIT is made up of  the X-TRACT 
(foreign matter separator) and the X-CUT (cutting unit). The 
X-TRACT foreign matter separator, part of  the modular system, 
was most significantly improved by the optimisation. Both 
components are available separately or together as the combined 
X-UNIT. It is designed for biogas systems, bio-waste recycling, 
animal stables in agriculture, slurry technology in vehicle 
construction and municipal sewage treatment plants.

The X-UNIT offers improved process safety and protection of  
systems, as foreign matter and contaminants are removed and/
or crushed by the X-TRACT foreign matter separator and the 
X-CUT cutting unit. The X-CUT cuts up the medium, opening 
up its fibres. The surface of  the substrate is increased and, 
correspondingly, has a shorter dwell time, for instance in the 
fermenter of  a biogas unit. Both the function and design of  the 
unit have been enhanced and offer considerable benefits over its 
predecessor model.

Liquinex suitcase water purification wins award

The Singaporean water treatment and recycling company 
Liquinex, developers of  a compact, solar-operated water 
purification system the size of  a suitcase, has won a global water 
award in Dubai. Liquinex was awarded first place in the Innovative 
Research and Development Award International Institutions, part 
of  the Mohammad Bin Rashid Al Maktoum Global Water Award. 
The company was one of  10 winners from eight countries, who 
received their awards for producing innovative solutions to secure 
clean water for poor communities, during a ceremony organised 
by the UAE Water Aid Foundation (Suqia).

The Liquinex compact water purification system is the size of  a 
suitcase and weighs under 30 kg, so is easily transported and able 
to access remote areas. It can operate on a 12V DC battery or 
with solar, wind or pedal power.

The water treatment uses a ceramic filter instead of  polymeric 
membranes to withstand high temperatures and acidic content.  
Swedish company Lightlab supplies technology which uses 
mercury-free UVC tubes to remove bacteria and viruses, and a 
filtration cartridge from Grafoid, a Canadian graphene research 
and development company, removes heavy metals such as arsenic 
and lead.

Veolia launches SIRION Advanced for 
process water

Through Solys, its internal manufacturing and global logistics 
platform, Veolia Water Technologies has released the SIRION 
Advanced, a compact, plug-and-play reverse osmosis system for 
high purity water production which integrates the company’s 
AQUAVISTA digital services.

The company says that SIRION Advanced can remove up to 
98% of  dissolved inorganics and over 99% of  large dissolved 
organics, colloids and particles. It is designed for most industrial 
sectors and reuse projects and consists of  11 fully standardised 
models for each required permeate flow, from 100 to 5,000 l/h.

The main new features of  the SIRION Advanced include a 7 
in touchscreen HMI, a design which is simple to integrate into 
standardised treatment lines and the membrane pressure vessel 
length has been reduced to only 1 m for easy transportation.

It also offers fast commissioning as the upgraded design does not 
require dismantling and reassembly on-site and the system starts 
up within two hours. The instrumentation and valves at the front 
of  the unit make maintenance and operation straightforward as 
there is no hidden connection.

GWE partnership reduces waste in starch factory

Global Water & Energy (GWE), part of  the Global Water 
Engineering Group of  companies, has designed a new 
wastewater treatment plant for a Russian starch factory. The 
factory has doubled its corn processing capabilities and mitigated 
its environmental impact by installing the new wastewater plant. 
GWE’s team will manage part of  the project and train staff  to 
operate the plant.

The industrial effluents generated during maize processing 
contain different types and concentrations of  impurities, requiring 
effective physical-chemical and biological treatment steps to 
remove or neutralise harmful mixtures. The multi-step treatment 
line includes several GWE technologies, including its ANUBIX – 
B Upflow Anaerobic Sludge Bed (UASB) system.

This anaerobic reactor is designed to maximise the removal of  
organic contamination from wastewater and works with both 
granular and flocculant sludge. GWE’s ANUBIX technologies 
enhance effluent quality and can also transform the organic 
industrial wastewater and waste into biogas to be used as 
a renewable fuel source at the factory. After the anaerobic 
treatment, the residual organic contamination is removed in the 
ACTIVOX - a conventional activated sludge system followed by 
a final clarifier.

Forward Water Technologies uses Aquaporin 
Inside membranes

Canadian company Forward Water Technologies’ industrial scale 
pilot plant has shown that low cost, low energy consumption Zero 
Liquid Discharge (ZLD) is now possible using its own two-phase 
forward osmosis process and the Aquaporin Inside membranes.

The plant is cleaning oil and gas flow back water and produced 
water, achieving almost distillation quality drinking water with 
a reduction in waste output of  60-70%. Forward osmosis uses 
natural osmotic pressure with the dirty water on one side of  
the membrane and a heavily saline draw solution on the other. 
Once the draw solution is diluted, it can be sent to a secondary 
separation process, such as evaporation, to separate the clean 
water from the saline, but this is energy intensive and expensive.

Forward Water’s draw solution converts into gas with a small 
amount of  heat and this gives pure, clean drinking water. The 
Aquaporin Inside membrane has no significant reverse salt flux, 
cutting out the brine scrubbing process.

The membranes are covered in a thin layer of  aquaporins, making 
the membrane extremely selective, minimising reverse salt flux 
with high rejection levels and ensuring the high quality of  the 
recovered water.

Wilo and Borussia Dortmund extend 
partnership to 2024

German pump technology specialist Wilo and Bundesliga football 
team Borussia Dortmund have extended their partnership for a 
further four years to 2024.

“Our partnership with Borussia Dortmund gives Wilo a 
tremendous driving force and a strong appeal amongst our 
customers and partners. It’s seen as a sign of  warmth and 
authenticity, even internationally – for example, it goes down well 
in the Asian markets that are very important for us,” said Oliver 
Hermes, president and CEO of  the Dortmund-headquartered 
Wilo Group.

“It’s really good news for us to know that we’ll have a great 
partner from our home town at our side for at least four more 
years – a partner we can trust and work well with, particularly 
in the increasingly important field of  environmental protection,” 
said Borussia Dortmund Managing Director Carsten Cramer.
While Wilo is an international group, the company is proud of  
its roots in Dortmund. Borussia Dortmund’s home ground, the 
Signal Iduna Park, is equipped with Wilo products.
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 For more details on products contact info@watertoday.org

ProSwap Digital Water Quality Meter
Swap one smart sensor for another with the ProSwap digital water quality meter! Featuring built-in 
temperature and optional depth sensors, ProSwap can transform into whatever you need: a purpose-
built turbidity meter or a high-accuracy optical DO meter; a spot sampling pH meter or a profiling 
conductivity-temperature-depth system. Even beach monitoring for harmful algal blooms is possible 
with ProSwap. Convenient Sampling Experience
• Ergonomic handheld for a comfortable grip
• Easy-to-read color display and backlit keypad
• Site ID and Data ID tag capabilities for data organization Xylem Inc.

Code: A104

 Techtrol Differential Pressure Transmitter – DPT series
Techtrol differential pressure transmitter is used for measurement of level, flow, density & pressure.
   • It is available with impulse piping connections for clean, non-corrosive and moderately viscous 

liquids which does not get solidify at ambient temperature and flange connections suitable for all 
types of liquids. 

   • Liquid level measurement in open as well as pressurized vessels
   • Wide range of differential pressure/ pressure 0 to 0.001 to 210 bar with rangability 40:1
   • Output options – 4-20 mA, 4-20 mA + HART or square root o/p selectable for flow measurement

Pune Techtrol Pvt. Ltd.
Ref Code: A105

Amarex KRT Jacket-Cooled Submersible Motor Pump 
KSB SE & Co KGaA has announced the new Amarex KRT range of submersible motor pumps 
featuring jacket-cooled drives. They are designed to transport untreated waste water in municipal 
and industrial waste water management. The new pump sets are available with drive ratings of 10–
30 kW and are suitable for vertical or horizontal dry installation. Since the pump motors remain 
fully operational when not submerged, the pump sets can also be used in sumps when water levels 
have dropped. Thanks to IP 68 enclosures, the pumps also offer trouble-free continuous operation 
when flooded. The pump sets meet all explosion protection requirements set out in the ATEX, FM 
and CSA standards.

KSB SE & Co. KGaA
Ref Code: A106

The Merus Ring
The Merus Ring, installed at the sea water intake line, stops the marine growth. Onshore, 
Offshore and on vessels this is successfully done.  Typically the Merus Ring is put direct 
behind the mesh or filter next to the seacheast. It will reduce or stop the growth of mussels or 
barnacles.  The water treatment after the installation can be operated without further effort. 
Neither energy nor chemical additives are needed to maintain the effect. This is reducing space, 
weight and costs. Secondly, Merus is specialized in treating sea water, where we face special 
challenges, such as marine growth of all kind. Sea water contains biological substances or 
beings such as mussels, barnacles or algae. 

Merus GmbH
Ref Code: A107
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Solar-Powered Irrigation Pump

With different technology in news recently claiming to stop 
manual scavenging, the Deployment of 200 Nos. specially 
fabricated tailor made Sewer Cleaning machines by DELHI JAL 
BOARD for cleaning of Sewer lines in Narrow streets / lanes 
in Delhi have all the features to be a game changer and truly 
alternative to manual scavenging and can stop loss of human 
life during manual sewer cleaning and can restore HUMAN 
DIGNITY by mechanized sanitation activities. This is one of its 
kind totally mechanized, specially fabricated, tailor made sewer 
cleaning machine having three major components:

• Jetting System
• Grabbing Arrangement.
• Rodding System

Comet-ME has developed a solar-powered submersible borehole 
piston pump for off-grid communities and smallholders to use 
for irrigation and domestic purposes. The device, compatible 
with PV systems from 300-900 W in size, can pump water from 
45m with as little as 50 W of continuous solar power. Weighing 
12kg, the 120cm pump can operate under low solar radiation, at 
a lower rate, to reach higher daily flow capacity.

Delhi Jal Board
Ref. Code: BO 100

Comet-ME
Ref. Code: BO 104

Sewer Cleaning Machines AER Process
 AERprocess Dissolved Oxygen Control is an integrated solution 
for controlling the dissolved oxygen (DO) concentration in 
the activated sludge treatment process and the blowers used 
to generate the process air flow requirement. The AERprocess 
system is able to maintain DO concentrations at their set points 
using a smart and efficient control strategy.

Aerzen
Ref. Code: BO 102

RO Easy
RO Easy is a first of its kind Easy to Use, Long life Universal 
Automatic RO Control Panel in standard cut out suitable for 
500Lph-2000Lph Plant.

Khyatee Electronics Pvt Ltd 
Ref. Code: BO 101
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The 2020 Ireland Water Conference & Exhibition is the only all-Ireland water event, bringing together the most influential 
stakeholders to address the economic, regulatory and environmental challenges facing the sector.

It is a comprehensive, single-day showcase of case studies and thought-leadership with a real focus on cross-border learning and 
collaboration. The annual event offers a rare chance for utilities, regulators, government, consultants, NGOs, the supply chain, 
environmentalists and large water users across both sides of the border to come together.

New for 2020, Ireland Water brings together the most influential stakeholders from both Northern and Southern Ireland to address 
the economic, regulatory and environmental challenges.

For more Information:  https://event.wwtonline.co.uk/ireland/

Ireland Water

Water management is increasingly becoming a strategic business imperative within boardrooms across international mining 
organizations.  Water management is integral for mining success and for building a sustainable business. Investors, communities, 
governments and other industries are demanding that mining companies become more efficient at water reuse and water 
management. The result is that water stewardship practices are more prevalent than ever before and that mining companies are 
working closely with communities to better access, preserve and treat water.

The 2020 Water in Mining Conference brings together water management leaders from the top 50 global mining companies to 
network, debate and discuss the present and future of water in mining.

For more Information: https://waterinmining.net/

Water in Mining

INDO WATER 2020 Expo & Forum will be held on 9 - 11 June 2020 at Grand City Convex, Surabaya - Indonesia. INDO WATER  
2020 is the biggest Expo & Forum for the fast growing water, wastewater and recycling technology in Indonesia. 
It is also where Indonesian water supply & sewerage companies, consultants, contractors, industrial wastewater treatment 
professionals and decision makers look for cost-effective solutions and technology.

For more Information:  http://www.indowater.com/ 

Indo Water Expo & Forum 2020

Ozwater is the Australian Water Association’s annual international water conference and trade exhibition. The theme for Ozwater’20 
is Thirst for Action and represents the need for continued action to meet the Sustainable Development Goals and the growing 
demands being placed on water from an environment, population and industrial perspective. It also reflects the Australian and 
global water sector’s desire to be a leader in delivering a sustainable water future.  

The Conference Program is incredibly diverse and not only covers the traditional areas of asset management and operations, but 
also themes that link to HR, marketing, planning, governance, international development and energy, to name a few. 

For more Information: http://www.ozwater.org/

Ozwater 2020
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The Indian government’s Rs 100 lakh crore investment boost for infrastructure development in the next five years will translate into 
much-needed roads, metros, airports, sewage treatment plants and so on. Also called ‘built or grey’ infrastructure There is an equal if 
not a more compelling case for cleaner air, better ambient temperatures in cities, improved health for citizens, scenic value, recreational 
spaces and carbon sequestration. Evidence from around the world underscores the importance for India to seriously assess and deploy 
‘green infrastructure’ – an approach that leverages the power of nature to provide service that people need, and includes, but goes beyond, 
harnessing the sun and wind to generate electricity.

Consider the need for water and sanitation infrastructure in India. With 4% of the world’s fresh water supply and 12% of the global 
population, India is severely water challenged. The government is adding massive built infrastructure in the form of canals, water treatment 
plants and desalination plants to address this challenge. India’s central and state governments have also invested in watersheds for long. 
Yet, the New York and Nairobi examples stand out because these cities have owned up the responsibility for their water sources, instead 
of ignoring them and exploiting distant and depleting natural reservoirs or streams. Indian cities may have to combine investments in 
watersheds with other interventions to remove chemical pollutants from the water, where this is a major issue.

When it comes to treating sewage, green infrastructure could frequently complement grey/ built infrastructure. Decentralised waste 
water treatment systems (DWWTS) are gaining ground over centralised wastewater treatment systems. DWWTS can be set up quickly 
to service expanding communities and can be combined with a green infrastructure approach where wetlands are constructed for tertiary 
treatment of water before letting it into a lake or a stream. Constructed wetlands can also be used for sewage treatment as a standalone 
option in smaller communities.

Think beyond sun and wind: India’s water and sanitation shortfalls are crying for green 
infrastructure, reimagined

Manchester City Football Club has teamed up with official water technology partner Xylem for a second year to build two new sustainable 
clean water towers in Bangalore, India with the help of fan volunteers. As part of the club’s Cityzens Giving project, five Manchester City 
fans from across India joined Xylem employees and former player Paul Dickov to deliver access to clean water and sanitation to two new 
schools.

The Water Goals project, supported by Manchester City and Xylem Watermark, saw fans work with Xylem and their local partner Planet 
Water Foundation to install new clean water filtration towers in two new schools. The schools were also fitted with an AquaSan latrine 
sanitisation system, to sanitise school toilets. Since January 2019, Water Goals has trained 100 Young Leaders and reached over 5000 
participants and young people in 26 locations, with support from local partner Magic Bus. The City fans also joined up with young leaders 
from the Cityzens Giving project to find out how they use football to educate young people about the importance of water sanitation and 
hygiene. “We are inspired by the impact of this second fan volunteering trip in Bangalore, bringing together Xylem’s expertise in clean 
water with the passion of City fans across India to make a difference in local communities,” said Tom Pitchon, director of City Football 
Foundation. “This, coupled with the long-term impact of our existing Cityzens Giving project in Bangalore, continues to demonstrate that 
football can truly help tackle social issues around the world.”

“Our business and our mission are all about bringing the best technology to bear on solving the world’s most challenging water issues,” 
said Joe Vesey, SVP and chief marketing officer of Xylem. “It’s so rewarding to do that in partnership with Manchester City fans, through 
Cityzens Giving we’re bringing safe water and sanitation to thousands of students across Bangalore. This will have a huge impact on their 
health, on their education, and on their futures.”

Man City FC and Xylem deliver clean water in Bangalore

Grundfos and Augury are taking a major step toward digitizing water and utility infrastructure worldwide by signing a long-term strategic 
partnership. Together, they will develop smart diagnostics solutions and services for Grundfos’ customers.  The two companies have 
already been working together successfully over the past two years to test new products and service offerings across several markets 
and industries. Now, they are committing to the next step, offering a range of services and new business models enabled by connected 
equipment. “By adding an AI-driven intelligence layer on top of existing assets, we can automatically collect mechanical and operational 
data, providing actionable machine health insights and diagnostics to our customers and service organisation,” says Tommy Due Høy, 
Group VP, Global Service & Solutions, Grundfos. He believes the partnership puts down a marker for future solutions.
 
“When we stand ten, fifteen years from now, this could end up being one of those defining moments where we took a real step forward,” he 
adds. Augury works with the world’s largest manufacturers and industrial companies to transform their operations by providing real-time 
diagnostics regarding the health and performance of their machines. The combination of Augury’s AI-based solutions with Grundfos’ 
deep applications expertise has the potential to change water delivery and services as we know them. “Water is at the core of how we 
live, work, and thrive - yet it often goes unnoticed,” says Saar Yoskovitz, Co-Founder and CEO of Augury. “Through this partnership 
Grundfos and Augury will work to make water a safer, more available and more useful resource for businesses, individuals and even 
nations worldwide.”  “We have spent the last eight years working with manufacturers and utilities to ensure that people around the world 
can always rely on the machines that matter and have seen first-hand the impact it brings. I am thrilled to be partnering with Grundfos to 
bring this impact to a wider market.” “Our applications knowledge has consistently been the key differentiator for us to provide best-in-
class pumping solutions to the world. As we prepare our portfolio for the future, it is key that we leverage this knowledge base to build 
more intelligence, IoT, remote monitoring and advanced diagnostics into our offerings to ensure differentiation, which is one of the 
highest priorities for Grundfos,” said Anupam Bhargava, Group Vice President, Industry at Grundfos.

Partnership Advances Water’s Digital Future

SPML Infra Limited, India’s leading infrastructure development and water management company has received a large bulk water supply 
project order worth Rs. 546.96 Crores ($77 million). The new order has come from the Bangalore Water Supply and Sewerage Board 
(BWSSB).

The external funded Bengaluru Water Supply & Sewerage Project (Phase 3) for the work of supplying, fabrication, laying and jointing 
of 25.5 kilometres MS pipeline of 3000 mm diameters (with 30 mm external guniting and internal epoxy lining of 500 micron) for clear 
water transmission mains from Harohalli to Vajarahalli along with laying of uPVC conduit for fibre optic cable throughout the length of 
the MS pipeline on either side of the pipe and associated works. The project under the Cauvery Water Supply Scheme, Stage V has intent 
to supply an additional 775 MLD of water to Bengaluru city. The project is envisaged to be completed in 30 months period. 

Mr Subhash Sethi, Chairman, SPML Infra Limited said, “We have executed a number of water projects for our client, BWSSB including 
bulk water supply and non-revenue-water management. We are very happy to receive this latest order in the domain of bulk water supply 
to provide reliable, sustainable and safe drinking water.  Keeping the people in mind, we will be able to deliver appropriate drinking water 
solutions to the millions of residents in Bengaluru. I firmly believe that our strong credentials in executing hundreds of water projects and 
prior experience of similar projects has helped us winning the highly competitive project. While executing projects, we ensure the client’s 
requirements are fulfilled without any compromise in terms of quality and design. We firmly believe that with the government pushing 
for infrastructure development in order to achieve the $ 5 trillion economy, there will be a good emphasis on water supply projects in 
the next few years and we will continue to focus on water projects for newer opportunities as per our growth plans on sustainable basis.”

SPML Infra Ltd. received New Project Order worth Rs. 546.96 Crore ($77 Mn)



Technical Evaluation of Sequential Batch Reactors

Aeration, a component of SBR is considered to be the most energy-intensive process at wastewater treatment 
plants as it consumes up to 65% of a plant’s total energy need.

By Dr Madhuri Damaraju

Conventional aerobic treatment technologies based on 
activated sludge processes are predominantly applied 
for the treatment of  domestic wastewater. However, 

there is a need for more efficient and cost-effective technologies 
to coincide with the financial constraints on the expansion of  
sewage treatment coverage in developing countries. Sequential 
Batch Reactor (SBR) is a potential technology which is flexible 
and effective for biological wastewater treatment for removal of  
biological oxygen demand (BOD) and also nutrient removal. SBR 
systems are composed of  one or more tanks which operate in 
batches. Biological Nutrient removal in SBR systems makes it 
different from conventional activated sludge process, which are 
effective in the removal of  BOD. SBR involves stages such as fill, 
react, settle, decant and idle. This study emphasizes the evaluation 
of  sequencing batch reactors technically.

1. Introduction:

Quality of  water is of  major concern to humankind as it is 
concerned with the welfare of  humans. Sources of  pollution 
include domestic wastes, industrial wastes and agricultural wastes. 
Industrial wastewater is the foremost concern for treatment as 
the wastewater pollutants are high, hence very difficult to treat. 
There are many technologies present in the market for treating 
various organic and inorganic pollutants in the wastewater. The 
common unit processes include preliminary screening, primary 
clarification for physical separation of  particles, secondary 
biological treatment for degradable organics removal and tertiary 
treatment for further removal of  pollutants which is optional. 
The most commonly adopted technique for secondary biological 
treatment is either aerobic activated sludge process or anaerobic 
treatment. Sequential Batch reactors (SBR) is a technology-based 

on activated sludge process operating in batches. A 1983 U.S.EPA 
report, summarized this by stating that “the SBR is no more than 
an activated sludge system which operates in time rather than in 
space”. The difference between the two technologies is that the 
SBR performs equalization, biological treatment, and secondary 
clarification in a single tank using a timed control sequence. Many 
modifications in the system have been developed later with the 
anaerobic system, anaerobic-aerobic, intermittently operated, 
continuous flow etc. [1]. Sequential Batch Reactor (SBR) is a 
potential technology which is flexible and effective for biological 
wastewater treatment for removal of  BOD and also nutrient 
removal. SBR systems are composed of  one or more tanks 
which operate in batches. Biological nutrient removal in SBR 
systems makes it different from a conventional activated sludge 
process, which is effective in the removal of  BOD. SBR involves 
stages such as fill, react, settle, decant and idle. Different design 
configurations have been developed with specific cycle times with 
different lengths. It is an ideal system to control bioreaction inside 
the reactor. Therefore selecting different reaction condition like 
HRT, cycle times could be used as a tool to get higher removal 
efficiencies [2].

2. Technical Evaluation:

2.1.  Stages in SBR:

Sequencing batch reactors are technically different from 
conventional activated sludge process (ASP). The difference 
lies in conducting the experiments from the same basin, unlike 
having solids removal systems in conventional ASP. The stages 
of  treatment and the cycle times may depend on the type of  
treatment planned. It can be aerobic or anaerobic or both in 
the same basin which cannot be a case in conventional systems. 

Typical SBR contains five stages in the treatment process, naming 
a. Fill, b. React, c. Settle, d. Decant, e. Idle.

These cycle steps run in a sequence depending on the problem. 
It may be a single tank or multiple tank process. The time of  
the complete cycle is between fill to end of  the idle cycle in a 
single tank system. In multiple tank system, the complete cycle is 
between beginnings of  the fill phase in the first tank to end of  the 
idle phase in the last tank. The complete process is summarized 
below. The overall process is shown in the Fig-1.

a. Fill:

The fill phase is where the reactor is filled with wastewater. Fill 
can occur under aerated, unaerated, mixed or unmixed conditions. 
Quantity of  wastewater to be filled depends on loading rate, 
F/M ratio, HRT, and settling characteristics of  the organisms. 
Duration of  fill depends on the type of  design and the pollutants 
targeted to be removed.

b. React:

React phase starts when the fill phase is complete. In this phase 
there is no flow of  wastewater in the tank. It includes mixing, 
aeration of  the influent and sludge is wasted. Aeration process 
helps in oxidizing organic carbon, nitrifying ammonia and 
promote uptake of  phosphorous by microbes. When aeration 
is done for consistent time aeration is stopped, during this 
condition denitrification happens. Duration of  this phase is more 
than any other phases. In this phase, alternating conditions of  
low dissolved oxygen concentrations and high dissolved oxygen 
concentrations may be required. Liquid level is maintained to the 
maximum in this phase.

c.  Settle:

Settle phase starts when react phase terminates. Sludge is not 
wasted in this phase. This phase serves for settlement of  MLSS 
after aeration is done. Clearwater is found as a supernatant. 
Duration of  this phase depends on settle ability of  the sludge. The 
major advantage of  this system lies in settling sludge in the same 
aeration tank where volumes are much higher than conventional 
clarifier systems.

d. Decant:

Treated wastewater from the reactor is decanted once the settle 
phase is completed. The decanting process is carried out until 

a consistent depth of  supernatant disappears. Decant process 
is done from the upper part of  the reactor with the help of  
automatic valves. Decanter mechanisms are available where 
mechanical floating weirs are used for decanting.

e. Idle:

The idle phase is an optional phase where settled sludge is wasted. 
When two or more tanks are employed, this can be eliminated. 
Based on the design and operation of  SBR, sludge wastage can 
occur at any stage during the react phase, during the decant 
process, or during the idle phase. This phase takes place daily, 
weekly or every cycle [3,4,4,5].

Fig-1: Treatment stages of SBR

2.2.  Components of SBR:

Typical sequencing batch reactor consists of  the following 
components. 1. Aeration system 2.Decanter system 3.Waste 
sludge pump

2.2.1. Aeration Systems:

Aeration systems are provided as an oxygen source for 
microorganisms for biological reactions to happen to degrade the 
organic content. Aeration is considered to be the most energy-
intensive process at wastewater treatment plants as it consumes 
up to 65% of  a plant’s total energy need.  There are two different 
kinds of  aeration devices used in Sequential batch reactors.

a. Diffused aeration system: Diffused aeration is done by inducing 
air into the fine bubble diffusers through blowers from outside the 
tank. These diffusers can be made of  the membrane, PVDF, ceramic 
material. There are tube diffusers and disc diffusers. Fig-2(a) shows 
the photograph of  disc diffusers. Fig-2(b) represents tube diffusers. 
These diffusers have the finest holes on the material covered where 
they pass air bubbles from [6].
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b. Jet Aeration System: To provide the oxygen source for the 
biological reaction, a jet aeration manifold with multiple jet 
nozzle assemblies is connected to a pump and a blower. Each 
jet has a primary mixing nozzle and an outer secondary nozzle. 
Jet aeration provides high oxygen transfer and complete mixing 
to provide both anoxic and aerobic conditions as required to 
promote biological nutrient removal. Jets, with their large solids 
handling capability and robust design, are ideal for the constant 
on/off  operation common with SBRs [7].

2.2.2. Decanter Systems: 

Decanters are used for removal of  clean water from the top of  
the SBR tank after settle phase of  operation. There are 3 types 
of  decanting systems available.1.Valve arrangement 2.Floating 
decanters 3.mechanically operated decanters

a. Valve Arrangement: Valves are positioned at different 
levels in the tank’s side, and these are opened sequentially from 
top to bottom. The outlet quality is poor and inconsistent as 

Fig-2 (a) Disc diffuser (b) Tube diffusers

Fig-3: Valve arrangement decanter

Fig-4: Floating decanters

the decanting rate is not controlled. Generally used in small 
installations. Mechanical problems related to valve and actuators 
require regular maintenance. This is of  low cost. These are used 
in small installations. It is represented in Fig-3 [8].

b. Floating decanters: The decanter floats on water due to 
buoyancy and the treated water leaves the tank through a flexible 
rubber hose. The outlet quality is poor and inconsistent as the 
decanting rate is not controlled. Buoyancy problems lead to 
decanter sinking. These are used in small and medium installations. 
They are higher cost than valve arrangement. It is represented in 
Fig-4[8].

c. Mechanically operated Decanters: The decanter is pushed 
down by a top-mounted motor-driven gearbox in a precise manner 
by PLC. Outlet quality is very good and consistent as the decanter 
descent rate is controlled. It is used in small and large installations. 

Good plant life and lesser maintenance problems. Cost-wise it is 
very high. It is represented in Fig-5 [8]. In mechanically operated 
decanters there are various types like moving weir decanters, 
crown decanters, etc.

Fig-5: Mechanically operated decanter

Fig-6: Removal efficiencies in SBR for (a) BOD (b) COD 
(c) Phosphorus (d) Nitrogen 

Table-1: Comparison of other technologies

2.3.  Advantages of  SBR over other technologies:

   • Completely automatic 

   • The regular time-based changes in operation necessitate 
automation

   • Automation includes-Opening and closing of  Gates, Valves 
o Operation of  Pumps, Decanters dissolved Oxygen control 
through VFD based blower operation

   • The plant can be remotely monitored 

   • Plant operation is independent of  operator capability 

   • Conventional plants like ASP, MBBR, UASB are normally 
manually operated. Lack of  qualified manpower affects 
performance.

    • Electrical consumption will be lower when compared to 
conventional systems as blowers will not run continuously, 
and they run only in designated intervals.

2.4. Performance Evaluation:

Sequential batch reactors compete with other technologies with 
their promising removal of  pollutants like BOD, COD and 
nutrient removal. Besides the removal of  BOD with the aerobic 
system, if  anaerobic conditions are also maintained COD removal 
will be significant. Nitrification, denitrification and biological 
phosphorous removals are also proven in SBR. COD and BOD 
removals were >95% in most of  the studies with SBR. However, 
for nitrogen and phosphorus removals were below 80% in most 
of  the studies as shown in the Fig-6(a-d). Table-1 shows the 

comparison of  SBR with other biological treatment for removal 
of  organic content and Nutrient removal [9-47].

1

2

3

4

BOD

Suspended solids

Total Nitrogen

Total Phosphorous

<10ppm

<10ppm

<10ppm

<1ppm

<20ppm

<30ppm

No treatment

No treatment

S.NO PARAMETER SBR OTHER AEROBIC 
TECHNOLOGIES

2.5. Market Status:

Sequencing batch reactors are operated using different aeration 
systems and decanters. Installations in India are mostly found to 
be applied for sewage treatment applications. The existing plants 
in India are known to operate with diffused aeration systems and 
mechanically operated decanters. SBR operation is in a double tank 
process with the automatic operations are seen most in India. The 
application of  SBRs in India has been demonstrated in Fig-7. SBRs 
have been applied mostly in sewage treatment plants (STP) in India.
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SBR is very widely applied internationally using various types of  
decanters, types of  SBR and applications. SBR has been applied to 
different kinds of  wastewater like a tannery, textile, and chemical 
treatment as well as for sewage application. Most of  the SBRs 
are single tank process. Aeration systems of  both jet aeration and 
diffused aeration are used equally. Decanter systems like floating 
aerators, fixed aerators, and mechanical weir operated decanters 
are used [48-59].

Fig-7: The application of SBR in India

Conclusions 

Sequential batch reactors are found to be the most efficient 
technology for the removal of  organic matter, along with 
nitrogen and phosphorus. A technical evaluation has been carried 
out based on various reactors present in the literature.  SBR, being 
a single tank system unlike the conventional aerobic treatment 
technologies, occupies lesser space, operationally flexible and 
cost-effective. Sequential Batch Reactor (SBR) is a potential 
technology which can be applied for the treatment of  domestic 
wastewater in the developing countries, which offers variable 
advantages particularly in the cities, where decentralized sewage 
treatment plants are mandatory. Space is the major constraint in 
the cities for the treatment of  wastewater. Operational viability 
is another important constraint. In order to address such issues, 
sequential batch reactors will be a good option.  This study 
emphasized on the operating principle, types of  aerators and 
decanters used in the research and performance evaluation of  the 
SBR technologies. Application of  technology in the market was 
also successful, but in India, it was limited to sewage application 
as low strength wastewater. Sequencing Batch Reactor, however 

as a technology can be explored more in India on high strength 
wastewaters for removing pollutants from complex natured 
wastewater as future scope of  research. There is a critical need for 
the industry to take up the patented work on SBR and implement 
in the market for industrial effluents. 
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Aerobic Wastewater Treatment Technologies – 
Contribution of Healthy Microbial Community and Impacts

By Dr. Purvi Zaveri

Immediately after commencement of  first ever sewage 
treatment plant, it was evident that wastewater treatment 
facilities would serve as a crucial barrier between 

anthropogenic activities and environment. As stated in one of  the 
UN reports, “roughly 83 million people being added to the world’s 
population every year” (world-population-prospects-2017), the 
proportional increase in commodity demand is also expected 
to be observed. That in-turn will lead to generation of  much 
higher amount of  effluent than being treated all over the globe. 
Advancement of  technologies and increase in span of  product 
reach also implies that, not just industries, but effluent treatment 
community will have to deal with transitions and fluctuations 
on daily bases. Are we really ready for that?  The answer is, to 
meet new permissible limits, pace of  growth and environmental 
protection policies it is required to come up with innovative, 
efficient, market viable solutions from research end. The solution 
lies in microbial community composition present in the sewage 
or industrial wastewater treatment plant. 

Apart from meeting these legislative requirements, plant 
operation experts face a lot of  issues like; excess foam formation, 
low sludge volume index, low MLSS (in case of  industrial effluent 
treatment plants), slurry formation, unhealthy floc formation and 
foul smell at various days of  the year. If  we look into matter of  
each specific case, microbial community composition holds the 
key for resolving everyday troubles too.  

In this article I would like to brief  readers about following points 

• What are microbial community and its structure? 

• How its composition affects wastewater treatment efficiency? 

• General measures affecting composition 

• How do we take advantage of  useful microbes? 

Wastewater treatment plants are one of  the finest examples of  
microbes (aerobes and anaerobes) being put to work for benefit 
of  human race. Amongst most popular technologies, anaerobic 
treatment options do serve purpose of  removal of  toxic material, 
but fails to meet lower HRT desired in most cases. This limitation 
can be overcome by aerobic treatment technologies easily due to 
rapid growth rate of  aerobic microbes. However, this condition 
can only be achieved if  the microbial community composition is 
the best suitable for the wastewater type being treated. 

It is required to understand that while dealing with aerobic 
microbial treatment schemes, a single change form optimum 
parameter will generate direct impact on treatment efficiency. 
During the biological treatment, group of  microorganisms 
which act on organic waste for its oxidation and the community 
developed during the processes of  CETP holds the key for the 
efficient functioning of  the plant (Forster et al. 2003). Let us 
try to understand interplay of  wastewater and microbes at large 
using basic microbiological understanding.  

The term “Microbial community” refers to assemblage of  variety 
of  species of  microorganisms living together in the same niche/
space/ecosystem/matrices. As illustrated in figure 1, a single 
organism of  single type is normally referred as presence of  
species A or B. Organism of  the same species in bulk is referred as 
population of  species A or B. In a particular habitat, assemblage 
of  multiple numbers of  species in billions of  numbers is thus 
referred as community in this article.  

Highly even community structure and rich diversity of microbes contribute to efficient treatment of the plants  

When microbial community present in wastewater comprises 
single or only two types of  microbial population, they are referred 
to as less diverse population. The population present are called 
“Dominant population” of  the community. Such features, types 
of  population and their numbers are called as structural features 
of  microbial community. Wastewater treatment plants with such 
dominant species will not be able to utilize variety of  substrate 
coming in treatment plant. Thus, even if  they are detected in 
the range of  1011 to 1012cfu/ml will not contribute to effective 
treatment of  incoming waste. 

According to one of  the researches carried out for 12 municipal 
wastewater treatment plants having different treatment 
processes, using 454-pyrosequencing technology they found 
nearly 202,968 effective sequences of  the 16S rRNA gene. 
This indicates that all the samples investigated represented the 
vast diversity of  the microbial communities. 

Proteobacteria was found to be the dominant phylum in some 
samples, in other samples it was Bacteroidetes (Hu et. al., 
2012; https://doi.org/10.1016/j.biortech.2012.04.061). Such 
kind of  details, will give insight to professionals to redirect 
community structure to get more diverse and efficient. 

At times, using simple techniques like microscopy even gross 
idea of  microbial community can be achieved. However, the 
correlation of  such microscopic images with treatment plant 
health is under study by our research group.  

The microbial community structure if  studied in detail can lead 
to meaningful insights. Sludge bulking is one of  the major issues 
encountered in winters by treatment plants. When a research 
group focused on the microbial community analysis, they found 

Figure 1: Illustration for understanding microbial community structure. 

presence of  36 phyla, 293 families, and 579 genera in four WWTP 
activated sludge samples.

In case of  wastewater, microbes can be either in suspension or 
in attached form. However, in both cases there are billions of  
organisms and thousands of  species contributing to community 
structure.  These communities are built according to the 
environmental conditions and substrate available. 

The relative abundances of  Saprospiraceae, Flavobacterium 
and Tetrasphaera with the respective averages of  12.0%, 8.3%, 
and 5.2% in bulking sludge samples were higher than those in 
normal samples. Presence and high percentage of  Filamentous 
Saprospiraceae, Flavobacterium and Tetrasphaera was the main 
cause for the sludge bulking (Xu et. al., 2018; Volume 2018, Article 
ID 8278970, 8 pages https://doi.org/10.1155/2018/8278970).

The composition of  a microbial community and the abundance 
of  its members also indicate functional capacity of  treatment 
plant community. When we can identify the abundant bacteria 
present in the wastewater over all seasons, it can be then 
augmented to take care of  difficult pollutant (Zaveri et al, 2015). 
In that study, 9 CETPs were studied for long period of  time 
and the functional community diversity analysis was conducted. 
Highly even community structure and rich diversity of  microbes 
were found to contribute to efficient treatment of  the plants.  

The major parameters which influence microbial community 
compositions are pH, dissolved oxygen, concentration of  
contaminant and various nutrients. As we all know it is 
difficult to take care of  influent quality due to practical field 
conditions. 

In such conditions, if  microbial community is supplemented 
with additional nutrient which has suppressive effect (but not 
killing effect as antibiotic) will lead to immediate response 
of  species survival. For example, at times higher levels of  
phosphate can divert microbial metabolism to other direction, 
which can be compensated by addition of  additional ammonical 
nitrogen. 

The microbial community doesn’t form on the day of  
commencement of  plant. That is why we see the lag phase in 
achieving treatment efficiency. Also, once formed it is not 
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expected that community will not phase succession, they do 
go through succession on various levels and at various seasons. 
Although most plants if  they have diverse resilient community 
structure will be able to withstand shock loads. It would be 
important to notice that if  the most abundant strain is isolated 
and kept constant via augmentation, will lead to lesser incidents 
of  loss of  microbial community.  Detailed studies in terms 
of  composition of  microbial community structure should be 
incorporated in plant functionalities will save us from fear of  
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genetically engineered organisms and unwanted outbreaks. Such 
novel approach would help us to develop innovation based on 
biologically profound fundamentals and will be safer for filed 
applications.  
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Comparison of Advanced Water Technologies

This article will discuss some common definitions of water quality parameters, such as oil concentration, 
emulsions, free oil, etc.

By Chip Westaby

Challenges Comparing Advanced Water 
Treatment Technologies

Produced water treatment systems are becoming more 
sophisticated and complex with the addition of  tertiary treatment 
systems, sometimes referred to as polishing systems. Additionally, 
produced water chemistry, process design and discharge 
requirements are different from location to location. The 
advanced treatment systems can be needed when produced water 
is being reused or recycled and when produced water volume has 
increased beyond the treatment system’s capacity. The process 
variability makes the technologies used in these treatment systems 
diverse, such as reverse osmosis membrane systems, absorbent 
media and cleanable ceramic membranes. 

With the variable process conditions, the specialized treatment 
systems’ performance parameters can differ greatly between 
products with similar technologies. Likewise, some common 
performance parameters lack universal definition, making 
comparisons between two systems difficult. For instance, there 
are many different methods to measure oil in water concentration, 
each with a different definition of  what is considered oil. This 
paper will review the technology and performance parameters 
of  three tertiary water treatment technologies and some of  their 
typical applications. 

Produced Water Discharge Requirements

There are no consistent global water conditions in oil fields due 
to the significant variability in reservoirs, production techniques 
and water discharge methods. Water can be up to 99% of  the 
total liquids produced in some places, while other fields may not 
produce any water. Water salinities and mineral content can also 
vary from fresh to almost saturate brines. 

Depending on the water salinity produced in an oil well and 
the destination of  the water, the required discharge quality can 
vary significantly. Most treated produced water is injected into a 
formation for disposal. Some treated produced water is injected 
into the oil formation to increase oil production, while most is 
injected into a separate formation for permanent disposal. In 
some offshore operations, the produced water can be discharged 
to the surface. 

In only a few locations, the highly treated produced water 
can be discharged to a fresh water source or recycled. In arid 
environments where the demand for water sources is high and 
with advanced water treatment, the produced water can be used 
as fracking water source, or irrigation. To meet the increased 
water quality requirements, water treatment companies have 
developed advanced water treatment systems. However, water 
quality requirements for reinjection are more lenient than for 
offshore discharge or recycling. 

Water treatment systems can be efficiently designed for the 
process and discharge conditions expected during the initial 
phase of  production and in many cases designed to accommodate 
expected production changes for the future. For instance, an 
oil well may have 10-20 per cent water during the first year of  
operation. However, the projected life of  the well calls for adding 
injecting water into the oil formation to enhance the production 
after five years of  operation. This is referred to as water flood 
where the water concentration can increase up to 75–90 per cent. 
With the expected change in produced water volumes, the original 
water treatment system can be designed to treat the higher water 
volumes and achieve discharge quality standards. 

Water treatment systems are challenged when the production style 
change, the water quality needs change or there is insufficient room 

to add the system. In some offshore facilities, new oil production 
formations that add total liquid volume can be developed and fed 
into the same treatment system. The new field may not have been 
considered when designing the water treatment system. 

Offshore facilities are limited by the space and weight constraints 
of  the platform. They need small and lightweight solutions. 
Onshore facilities, on the other hand, can usually add more 
treatment tanks. If  the production method is changed from the 
water flood to a different recovery method like steam, surfactant, 
or CO2 floods, the water treatment system may also need to 
change. The production technologies used in the secondary 
recovery method may not have been developed or considered 
when the original water treatment system was designed, and the 
system isn’t designed to treat the new production method.

Tertiary Treatment Systems/Polishing Filters 

Storage tanks and pressurized vessels for oil, water and gas 
separation are considered the primary treatment systems. They 
usually have some internal structures and no moving parts. Most 
onshore facilities with plenty of  space are well suited with this 
treatment. When liquid volumes grow, tanks can be added to 
improve treatment. When space is not available, or when higher 
water quality is needed, a secondary treatment system can be 
added. Secondary treatment systems can include enhanced gravity 
systems and gas flotation systems. Gas bubbles added to the water 
will remove oil as they float to the surface. Induced gas flotation 
and dissolved gas flotation are the common technologies used. 
When centrifugal forces in a hydrocyclone or centrifuge are added 
to the system to enhance the gravity separation, oil is removed 
much faster than under normal gravity systems. 

When the primary or secondary treatment systems are no longer 
sufficient to meet the water quality needs, frequent oil slugs and 
discharge upsets can occur. To reduce these issues, a tertiary 
system can be added to the process. These systems can include 
absorbent media or coalescing media. Granular activated carbon 
is a common and successful treatment media, but the carbon has 
a high operating cost because it is consumed when removing oil 
from the water. To reduce operating costs, the ideal media can be 
regenerated in the field without needing to be replaced often or 
only used when upsets occur. 

Due to the many different process conditions in oil fields and 
different water quality standards to be met, the many different 

treatment technologies and methods of  measuring the 
performance must be connected to this discussion.

Organoclay

Xedia Process Solutions has developed an organoclay-based 
technology which can remove oil droplets and some dissolved 
oil from produced water processes and back washed in some 
cases. This technology can be retrofitted to some existing water 
treatment systems without adding new vessels. This technology 
is capable of  reducing the free oil concentration from 100 ppm, 
typically seen after primary separation tanks, to less than 1 ppm 
and remove solids at the same time. 

Oil and solid removal filters are added as the last stage of  a water 
treatment system when the water is reused or discharged to the 
ocean. A traditional filter media can be consumed quickly when 
water volumes increase, polymers are added or high solids are 
present during upset conditions. However, with the higher loading 
capacity of  the Xedia media, oil producers are able to achieve 
their needed water quality without adding new filter vessels. When 
the media is back washed, operating costs are reduced because the 
media does not need to be replaced as frequently.

Synthetic Walnut Shell
 
Walnut Shell Filters are a common treatment technology to 
remove free oil to low concentrations. Oil will adsorb (stick to 
the outside) to the nut shells, but not be absorbed (permanently 
stick to the internals). Because the nut shells are resilient, they can 
be back washed vigorously and returned to the treatment process 
with little damage or need to be refilled. 
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Siemens Water Technology has developed a new synthetic media, 
PerforMedia, to replace the nut shells without needing to change 
the design of  an existing filter system. The synthetic media 
has better oil affinity and can remove oil at significantly higher 
concentrations than walnut shells. A typical specification calls 
for nut shells to remove 100 ppm and achieve less than 10 ppm 
in the discharge. However, the PerforMedia can meet the same 
discharge water quality when slugs are as high as 1000 ppm.

The size and shape of  the media is designed to remove solids as 
well as free oil. The solid particles are trapped between the media 
particles and will be back washed with the oil. The PerforMedia 
will remove most oil droplets and solid particles as well. The 
success of  the PerforMedia can be seen in the results of  particle 
size distribution in the effluent. Almost all the particles remaining 
in the water are less than 10 microns.

When polymer floods are used to enhance oil recovery, a 
flotation treatment system efficiency can be reduced by up to 

40%. The polymers increase the viscosity of  the water thereby 
slowing particle movement. This translates into heavy loading 
of  a downstream traditional nut shell filters. Because of  the high 
possible loading and efficiency of  PeforMedia, polymer flood 
produced water can be treated without frequent back washing and 
achieve oil concentrations less than 10ppm.

Adsorbant

Technologies are available for polishing produced water for the 
removal of  dissolved hydrocarbons or very small droplets without 
regular media. The ProSep Osorb media is a silicon backbone 
based adsorbent media. A unique feature of  this media is that 
under steam or methane the media can be regenerated and the 
hydrocarbons recovered.

Benzene is the most soluble hydrocarbon, with no droplets or 
gravity separation possible for concentrations below 300 ppm, 
depending on the process conditions. Osorb media is able to 
remove BTEX and highly soluble hydrocarbon to concentrations 
below 2 ppm.

Because Osorb media has a high affinity to hydrocarbon molecules, 
the process can handle upsets and fast changing concentrations 
in the inlet conditions. When used as a polishing filter, Osorb will 
need regular backwashing if  the upstream process is not stable. 
However, even if  frequent regeneration is required, the discharge 
water quality will be maintained.

Velia – MPPE

Similar to the Osorb media, Veolia MPPE (Macro Porous Polymer 
Extraction) technology will extract BTEX and other light / 
dissolved hydrocarbons to low concentrations. The MPPE media 
is a bead with a significant porous structure for oil adsorbance. 
The MPPE also can be regenerated with steam as needed. 

The MPPE will improve the toxicity of  the produced water 
by removing dissolved and dispersed hydrocarbons to below 
1ppm. During high concentration upsets greater than 99% of  
the hydrocarbons will be removed. Because MPPE is highly 
effective at removing BTEX, NPD (Nathalenes, Phenanthrese, 
and Dibenzothiopenes), it is often used in natural gas field. An 
additional side benefit is the removal of  mercury as well from the 
process, further improving the water toxicity.

Membranes 

Some water generated in an oil field is different than the produced 
water from the formation. Flow back water from a well stimulation 
and slop water on a platform can have properties that vary widely. 

These waters can have high solids, strong acids, solid stabilized 
emulsions which can foul and challenge water treatment systems. 
Flow back and slop waters are usually treated in batches, with 
temporary systems. The designs, operating cost considerations 
and treatment methods are different for these waters.

Baleen Process Solutions has developed a bi-modal membrane 
system for removal of  solids, oil and other dissolved components 
from flow back and slop waters. Dissolved components are 
considered below 0.2 microns. Some membrane technologies are 
used in produced water as a polishing step with a wash cycle. 
However, because the flow back water is often treated with a 
temporary installation, the Baleen technology can be treated once 
the system is returned to its facility.
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The Baleen system is impressive when comparing inlet and outlet 
samples of  the flow back water. The laboratory method used, 
EPA 1664A, has a minimum reporting limit of  5 mg/l. The 
Baleen system removed from 300 mg/l to non-detectable with 
the bi-modal membrane technology.

Dispersed, Dissolved and Water Soluble 

Water treatment systems are often judged on their ability to 
remove oil. To understand the technology and performance of  
a system, it is good to know how oil is measured and what the 
data generated means. With no clear definition of  oil, the method 
used to analyze a water sample will define oil for that process and 
method. 

There are many terms used in the discussion of  oil that can 
have different meanings. Oil is often described as dissolved, 
dispersed, emulsified, free, total, etc. In the oil and gas industry, 
oil is relatively easy to define in a generic sense. Oil is the mixed 
hydrocarbon produced in the wells. However, oil can range from 
extremely light natural gas condensates up to heavy crude oil, 
sometimes referred to as bitumen. Gravity separators, adsorbant 
media and membranes as well as analytical methods will behave 
differently when different oils are present. 

In simple terms, there are two conditions for oil in water, 
dissolved and free. Dissolved oils are molecularly incorporated 
and uniformly mixed in the water. Free oil is entirely in droplet 
form throughout the water mixture. However, in practice, oil 
may be considered to be dissolved because the oil droplets are 
sufficiently small enough that separation does not occur without 
additional treatment. 

Emulsions by definition are any mixture of  oil and water. Often 
oil which cannot easily be removed by the water treatment 
technology is referred to as an emulsion. In primary separation 
vessels, an emulsion can be water with 1–5 per cent oil present. 
However, after gravity based produced water system, high oil 
concentration upsets in the 50–150 ppm range are often referred 
to as emulsions because they cannot be separated.

The makeup of  the oil can affect the emulsions. Natural gas 
condensates tend to have high BTEX concentrations, which have 
high solubility. With their low gravity, gas condensates separate 
quickly in gravity separators. Heavy bitumen doesn’t have gravity 
separate well, but has low solubility. The tertiary water treatment 

system must be selected to remove the type of  emulsions or 
upsets which occur in the process.
 
Additionally, Organic Acids (water solube oils) are polar molecules 
present in most produced water that are highly soluble in water. 
WSO concentrations are usually stable after gravity separators 
because they are not removed.

Oil in Water Measurement

The common practice for analyzing a water sample is to add a 
specific volume of  a solvent (10:1 ratio) and a strong acid. Next, 
the sample bottle is vigorously shaken for 2 minutes and then 
the solvent is analyzed for oil concentration after it has settled. 
The acid addition causes the polar hydrocarbons (including water 
soluble organics) to be readily extracted by the solvent. Some 
procedures then pass the extracted solvent through a silica gel so 
that only the non-polar hydrocarbons remain in the solvent. 

In other methods, a specific sized filter is used to remove all large 
particles and droplets to understand the particle size distribution 
of  the oil and solids. 

The choice of  solvent is important to the results. Solvents will 
have different extraction efficiencies for different hydrocarbons. 
The choice of  solvent can have a significant effect on the presence 
of  waxes and asphaltenes in the final analysis. 

Many of  the polishing filter systems describe the ability to reduce 
oil concentration to below 1 ppm, and remove BTEX and other 
light hydrocarbons. A common analysis method is the EPA 1664A 
method. This method is used for reporting oil concentrations 
in discharged waters to the local government environmental 
agencies in many parts of  the world.

In simple terms, the EPA 1664A method uses hexane to extract 
a water sample, separates the hexane and allows the hexane to 
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evaporate. The results are the weight of  the oil residue remaining 
after evaporation. This method has a minimum reporting limit 
of  5 ppm. Because of  the evaporation step light hydrocarbons 
are under reports by this method. This analytical method cannot 
be used for light hydrocarbon processes or processes that aim 
to achieve low concentrations. The figure included shows how 
the EPA method does not have any response to changing 
concentrations of  a process, while an InfraRed technology does.

The procedures for preparing a water sample for analysis can be 
manipulated to best demonstrate the performance of  a water 
treatment system. For instance, if  a treatment system is designed 
to remove 99% of  the oil and solid droplets that are 10 microns 
and larger, the sample can be prepared to differentiate particles 
larger than 10 microns. The method might first test a sample of  
water using a solvent and acid, then test another sample which 
is first passed through a 10 micro filter, and then the acid and 
solvent used to prepare the sample. When the results of  the 
second test are subtracted from the first, the results will be the 
concentration of  oil that was in droplets greater than 10 microns.

InfraRed analytical methods are often used for water analysis. 
The solvent used must be considered for the extraction efficiency, 
operating cost and solvent disposal. If  the extraction solvent 
is a hydrocarbon, it must be evaporated before analysis of  the 
remaining oil film can be performed. Similar to the EPA 1664A 
method, the IR analysis of  light hydrocarbons will not have much 
resolution at low concentrations. Non-hydrocarbon solvents can 
be used without evaporation, allowing for better sensitivity to 
light hydrocarbons. For these solvents the analysis is made in the 
solvent for a quick result.

UV Fluorescence is also common for water sample analysis. All 
common solvents (hydrocarbons and nonhydrocarbons) can be 
used with UV Fluorescence. For instance, when analyzing heavy, 
high asphaltenic crude oils, toluene can be used as an extraction 

solvent. For highest accuracy, UV Fluorescence analyzers should 
be calibrated to the target oil in the process. However, when used 
with a generic calibration, the results can indicate the removal 
efficiency of  a treatment system by comparing samples before 
and after treatment.

UV Fluorescence can operate with different light wavelengths. 
When analysis of  light hydrocarbons or low concentrations is 
needed, a deep UV light source, with a short wavelength should 
be chosen. Most crude oils and light gas condensates can be 
measured below 1 ppm. However, when a heavy oil is to be 
measured and toluene is to be used as the extraction solvent, a 
light source with a longer wavelength should be chosen. Toluene 
can be measured by short wavelength light sources, but is optically 
clear to longer wavelengths and therefore not measured.

Conclusions 

Advances in water treatment technologies are allowing discharge 
water quality to improve significantly. With these advances, the 
water can be re-used or recycled in ways not previously available. 

With many different technologies available to choose from, 
the operators must have a good description of  their process, 
discharge requirements and operating budget. The analytical 
methods used for confirming the process are also improving. 
The oil in water measurement method can be modified to suit 
the treatment system to fairly depict the separation performance. 
To best monitor the process, the water treatment companies will 
need to define the performance of  their system based on the 
ability to analyze the water samples. 
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Aerobic Wastewater Treatment Technologies: 
A Mini Review

For concentrated industrial wastewater aerobic treatment is a substitute to the slower anaerobic treatment 
processes. The review concludes that suspended growth bioreactors are very efficient at low organic loading 

rates for treating wastewaters. Most of the biofilm reactors have a same level of COD removal.

By Tumpa Mondal, Ankan Jana, Debajyoti Kundu

A supply of  clean water is an essential requirement for the 
establishment and maintenance of  different human activities. 
Water resources provide valuable food through aquatic life and 
irrigation for agriculture production. However, liquid and solid 
wastes produced by human settlements and industrial activities 
pollute most of  the water sources throughout the world. Aerobic 
treatment is a biological process. Dissolved oxygen is used by 
microorganisms (aerobes) for the degradation of  organic wastes. 

Water is very important for human life, agriculture and to produce 
industrial products. Water resources are becoming increasingly 
scarce around the world due to the growing imbalance between 
freshwater availability and consumption. In our modern society 
the access to clean and safe water has become challenging. Due 
to the increase in population, the demand of  water resources is 
also increasing to a modern consumer society. The amount of  
contaminated wastewater can be treated before being discharged 
into the natural ecosystems (Escapa et al. 2015). In dry climatic 
regions, wastewater treatment process, a practical alternative is 
recycling that can help to solve limited water resources problem 
(Almuktar et al. 2015). 

There are many infectious waterborne diseases transmitted by the 
biological wastewater. The main pollutants in wastewater include 
nitrogen (N), particularly ammonia-N (NH3-N), biochemical 
oxygen demand (BOD) and chemical oxygen demand (COD). 
To promote the aerobic biochemical reaction, the oxygen supply 
rate into microorganisms has to be fast because of  oxygen feed 
limitation. A highly efficient oxygen supplier and more useful 
aerobic wastewater treatment system are thus expected. There 

are many technologies or reactor for the aerobic treatment of  
wastewater. Some of  them are Sequencing Batch Reactor (SBR) 
system, contact stabilizer, trickling filter, microbubble aerator etc. 

Microbubbles have useful characteristics, such as a large gas–
liquid interfacial area, long residence time in the liquid phase and 
fast dissolution rate so that they have an advantage to dissolve the 
oxygen gas in air into water. To produce microbubbles, specific 
types of  microbubble generators are necessary. Depending upon 
the design, SBR has some positive attributes: for instance short 
hydraulic retention time (HRT) that allows high organic loading 
rate (OLR) and lower sludge production (Dutta et al. 2014). SBRs 
containing aerobic granular sludge (AGS) that can be used to 
scale down the required  reactor capacity leading to more compact 
designs and in treating high strength wastewater. AGS technology 
has been proposed as an innovative technique for the treatment 
of  municipal and industrial wastewater (Henriet et al. 2016). 

The MBBR needs to be better understood. The characterization 
of  the microbial community associated with the biological system 
is a critical step that needs to be done, since bacteria plays a major 
role in the bioreactor functioning (Muszy nski et al. 2015).

2. Aerobic Wastewater Treatment System 

2.1. Aerobic granulation technology 

The bio-granulation approaches are used to generate granular 
sludge. In the aerobic compartment 88% of  ammonia can be 
oxidized (Zupancic et al. 2008). Short-time aerobic digestions 
(STAD) attain better flocculability of  sludge. Effects of  

cocoamidopropyl betaine (CAPB) on the STAD evaluated. CAPB 
has a non-polar linear hydrocarbon group which can generate 
micelles. It can increase aqueous solubility. It also accelerates 
the solubilization of  macromolecular organic matters in waste 
into an aqueous solution (Attwood 2012).  It has higher biomass 
retention and reusability, the broader selection of  bacterial strains 
for plausible bio-augmentation and higher microbial density with 
millions of  bacteria cells per gram of  biomass (Liu et al. 2015). 
Bio-granulation can generate two types of  granular sludge which 
was aerobic granular sludge (AGS) and anaerobic granular sludge 
(AnGS). 

The aerobic granules are compact, regular, smooth and almost 
round in shape. The granules have excellent settle ability and high 
biomass retention. It has dense and intense microbial structure, 
and can withstand high organic loading rate or shock loadings and 
endurance to starvation. The aerobic granules tolerated to toxicity 
and simultaneous COD, nitrogen and phosphate removal. 

Bio-augmentation of  specific bacterial strains which were able 
to degrade the recalcitrant target compound is also possible as 
these bacteria can introduce as inoculum during the granulation 
period. The AGS was successfully cultivated in an SBR treating 
high strength pyridine wastewater, using a single bacterial strain 
Rhizobium sp. NJUST18 as inoculum (Liu et al. 2015). 

The SBR operation can remove the synthetic and raw industrial 
wastewater like pyridine, 2-fluorophenol (2-FP), palm oil mill 
effluent, textile wastewater, methylene blue, 2,4-dichlorophenol, 
Domestic sewage in different days. The maximum removal 
efficiency varies for different wastewater from 56% to 95%.  

According to (Halim 2016), aerobic granular sludge developed 
in SBRs at temperatures from 30˚C- 50˚C.  It indicated that the 
granulation process reached at high temperatures. At the time of  
industrial petrochemical wastewater treatment, the development 
of  aerobic granules was started from floccular seed sludge without 
the addition of  an external carbon source (Caluwé et al. 2017). 
Aerobic granular sludge formation is possible with petrochemical 
wastewater. There were two schemes to obtain granulation: #

(i) a complete aerobic feast or starvation regime 

(ii) an anaerobic feast or aerobic famine strategy. 

Feeding strategies used for the development of  granules from 
wastewater. During the whole experimental time the efficiency of  

COD and dissolved organic carbon (DOC) removal was above 
95% in the reactor. The characteristics of  granules and treatment 
efficiency can be influenced by the high temperature. SBRs 
operated for removing COD, phosphate and ammonia at 3 h. 
SBRs revealed between groups there was a significant difference in 
temperatures of  the bioreactors. The AGS cultivated at different 
high temperatures. It positively correlated with the accumulation 
of  elements.  

There is an efficient method based on the addition of  biochar to 
the rapid cultivation of  the pyridine-degrading aerobic granules 
(Zhang et al. 2017). The aerobic granules characterized regarding 
pyridine degradation performance, biomass profile, sludge settling 
properties, extracellular polymeric substances (EPS) content and 
bacterial community structure. Biochar application favoured the 
aerobic granulation in association with bacterial activities, and 
positively increased the abundance of  aggregation-related species 
and pyridine degrading species. Therefore, adding biochar has 
shown to be an efficient method to initiate granule formation for 
complete sludge granulation, in particular for the treatment of  
refractory wastewater. 

CAPB has the capability to promote the removal of  volatile 
suspended solids (VSS) and total COD of  waste by the STAD 
system. As a result their values decreased gradually under the 
aerobic digestion (Zhou et al. 2017). The system could biodegrade 
most of  the CAPB. CAPB lead to an excellent performance of  
the STAD process for WAS. Zero waste was discharged from the 
treatment system. The role on the micro-algae in the treatment of  
wastewater has been analyzed. From the thorough examination, 
it has been observed that algae could be used in wastewater 
treatment for various useful purposes, including reduction of  
BOD, inhibition of  coliforms, removal of  N, P and heavy metals 
(Abdel-Raouf  2017). 

2.2. Biofilm Reactor  

Biofilm is communities or clusters of  microorganisms that 
attached to a surface (O’Toole et al. 2000; Singh et al. 2006). 
It offers an adept and harmless option to bioremediation with 
planktonic microorganisms. In the biofilm the cells have a higher 
chance of  adjustment and survival in unfavourable conditions. 
This situation is due to the matrix that acts as a barrier and 
protects the cells within it from environmental distress (Decho 
2000). Extracellular polymeric substances (EPS) have significant 
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towards the growth of  biofilm which it appears that to be a 
part of  the protective mechanism for biofilm community. It can 
minimize the impact of  modification on pH, temperature, and 
concentration of  toxic substances. There are various types of  
bioreactors which are as described below:

2.2.1. Integrated anaerobic-aerobic fluidized bed 
reactor 

A cylindrical fluidized bed with pulverized pumice-stone has 
been used as the support material for microorganisms (Fdez-
Polanco et al. 1994). It is performed by four cylindrical fine 
bubble membrane diffusers. It offers excellent stability in spite 
of  variations in organic load and delivers short startup time for 
the operation. By this process, eliminates organic carbon and 
nitrogen from municipal and industrial wastewater.  

2.2.2. Anaerobic-aerobic fixed film bioreactor (FFB) 

Two fixed-film bioreactors with arranged media connected 
in series with recirculation system has been used for aerobic 
treatment (Del Pozo et al. 2003). The system gives advantages 
of  less sensitivity to environmental variations and higher growth 
rate due to the use of  immobilized cells on the surface of  the 
media. This bioreactor can remove the oil and grease from the 
wastewater. 

2.2.3. Rotating biological contactor (RBC) 

Rotating biological contactor (RBC) has been operated by 
attaching microorganisms to an inert support matrix to form a 
biofilm support matrix and the following disc configuration is 
placed partially or entirely submerged in the reactor and it rotate 
around a horizontal axis slowly where the wastewater flows 
through it (Sperling et al. 2005). This type of  reactor can treat 
highly effective synthetic wastewater with COD concentration up 
to 12000 mg/L.  
 
2.2.4. Anaerobic−aerobic granular biofilm 
bioreactor 

Granular biofilm bioreactor have an upflow anaerobic sludge bed 
(UASB) and an aeration column. It is placed in the middle of  
the reactor. Anaerobic and aerobic populations of  the biofilm 
co-exist intimately in the similar reactor. This bioreactor offers a 
superior strategy to complete mineralization of  highly substituted 

compounds (Tartakovsky et al. 2005). It can eliminate various 
chlorinated pollutants.  

2.2.5. Aerobic membrane bioreactor (MBR) 

Aerobic membrane bioreactor (MBR) functions has been applied 
as a dual mechanism in which membrane filtration occurs along 
with biodegradation processes water and small solution molecules 
pass through the membrane while solid materials, biomass, and 
macromolecules retained in the reactor (Dhaouadi et al. 2008). It 
can treat high-strength synthetic wastewater.  

2.2.6. Moving-bed biofilm reactor 

Advances in the wastewater treatment sector have culminated 
in the development of  new processes showing high treatment 
performance and stability.  Most of  the new technologies based 
on the growth of  bacteria adhered to a solid surface, which can be 
fixed or mobile. A growing technology is the moving-bed biofilm 
reactor, known as MBBR (Bassin et al. 2017). 

It has been decided to characterize the bacterial community of  
the biofilms cultivated in both anoxic and aerobic environments. 
The aerobic reactor exhibited a more equitable distribution of  
the bacterial groups, leading to higher values of  diversity but the 
difference was less pronounced in the anoxic reactor. Synthetic 
media developed aerobic granules from conventional activated 
sludge under anaerobic-aerobic conditions. Their succeeding 
adaptation is used for the treatment of  dyeing wastewater (Manavi 
et al. 2017). The development of  aerobic granules depends on 
the exposed ness to the dyeing wastewater. As results it shows 
the changes of  tightly-bound (TB-) and loosely-bound (LB-) 
extracellular polymeric substances (EPS), their carbohydrate, 
polysaccharides (PS) and protein (PN) fractions. The treatment 
of  the aerobic granules was evaluated during the adaptation 
period. 68% COD and 73% colour can remove for both phases 
(anaerobic and aerobic) at the time of  operation in a single cycle.  

2.3. Activated Sludge Process

2.3.1. Microbubble aerator

A microbubble is a small bubble with diameter of  10 to 60 mm. 
It has important characteristics (i) a large gas-liquid interfacial 
area, (ii) long residence time in the liquid phase and (iii) fast 
dissolution rate. Microbubbles have the capability to dissolve the 
oxygen into water. Particular types of  microbubble generators 

are required for generating the microbubbles. A spiral liquid flow 
type microbubble is used for producing microbubbles (Ohnari et 
al. 1999). A microbubble generator was generated using cavitation 
in a heat pipe consists of  two-phase nozzle (Takahashi et al. 
1998). Microbubble has been analyzed with various applications 
for industrial purposes (Watanabe et al. 2004). 

Microbubble aeration system such as novel flotation system 
has been proposed to remove fine carbon particles suspended 
in wastewater. It need mechanical moving parts that have high 
shear force acts on a liquid (Terasaka and Shinpo 2007). Prevent 
from damage to the activated sludge (Usui 2006) proposed to 
fix an aerobic filter which is made of  polyethylene glycol. The 
sludge bed system has higher effectiveness in comparisons to 
others. When suspended flocs of  activated sludge, flow into 
a pump then the flocs were broken. Therefore, the activities 
of  the flocs decreased. After that the technology has been 
developed called microbubble flotation to remove the fine iron 
oxide particles suspended in wastewater (Terasaka et al. 2008). 
Microbubble behavior has investigated in an ultrasonic field 
(Kobayashi et al. 2008).  

Novel crystallization system has been applied to show the 
behaviour of  shrinking microbubbles (Terasaka et al. 2009). 
Microbubble agglomeration has been used for the accurate 
ultrasonic irradiation (Hayashida et al. 2010). An application has 
found to generate micro water droplets using steam microbubbles 
(Watanabe et al. 2010). Many commercial microbubble generators 
were evaluated due to the oxygen dissolution device. This device 
depends on the oxygen transfer rate and power consumption 
rate. The most usable generator was attached to a novel aeration 
system. A novel wastewater treatment system was proposed with 
a spiral liquid flow type microbubble aerator, a draft tube, and a 
filtration chamber. The system showed a much more rapid oxygen 
dissolution rate into water. It was designed by the accustomed 
design equation (Terasaka et al. 2011). The systems consume 
more energy than the others. It is used for the oxygen supply 
into an inactive region in anaerobic sludge tank. It is also used for 
more compact tank (Fig.1). 

2.3.2. Contact stabilization 

Contact stabilization activated sludge technology proved to be 
successful as an enhanced biological phosphorus removal (EBPR) 
(Rashed et al. 2014). The effect of  contact stabilization activated 

sludge as an application of  enhancing biological phosphorous 
removal (EBPR) by using contact tank as a phosphorus uptake 
zone and using thickening tank as a phosphorus release zone. The 
results showed the removal efficiencies of  COD, BOD and TP 
for this pilot plant with the range of  94%, 85.44% and 80.54%, 
respectively. The results also showed that the reason of  high ability 
of  phosphorus removal for this pilot plant related to the high 
performance of  microorganisms for phosphorus accumulating. 

Application of  this system proved to be successful in activated 
sludge WWTP by some physical changes especially in the aeration 
tank and involves only one separate tank in these treatment plants. 
In contact stabilization, activated sludge technology proved to 
be successful as an EBPR using effective microorganisms (EM) 
with molasses. It is analyzed that activated EM has been used 
to the anaerobic zone for enhancement of  fermentation (Rashed 
and Massoud 2015).  Results showed the removal efficiencies of  
COD, BOD5 and total phosphorus of  this pilot plant were 93%, 
93% and 90%, respectively. Eutrophication in water bodies is due 
to the presence of  extremely high phosphorus. It needs to be 
reduced before being discharged into water bodies and rivers. For 
reducing phosphorus from wastewaters EBPR process proved 
to be an economical and environmentally compatible method. 
EBPR-available organic substrates such as short chain volatile 
fatty acids (VFAs) and an aerobic– anaerobic reactor configuration 
are provided. The performance of  EBPR was investigated using 
modified contact stabilization activated sludge pilot plant (Ali et 
al. 2015). After that, the results indicated the removal efficiencies 
of  COD, BOD5 and TP are 91%, 92% and 85% respectively.   

The contact-stabilization (CS) technology is not a very costly 
method to develop the carbon harvesting from high strength 
synthetic wastewater (Rahman et al. 2016). There are two types of  

Fig.1 Schematic diagram of activated sludge process
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reactors in the CS process: i) the contactor reactor receives influent 
feed and ii) stabilized biomass under anaerobic conditions. The 
remainder is sent to a stabilizer reactor. After that the sludge is left 
and the contactor is settled and harvested. It is aerated to oxidize 
the biosorbed and stored carbon. The carbon redirection and 
recovery could be achieved as a resultant at short solids retention 
time (SRT). The high-rate CS allowed 52 to 59% carbon removal, 
carbon redirection to sludge and carbon recovery than others. 
The biosorption capacity and bioflocculation affinity improved 
by the presence of  RAS aeration in the CS configuration. The CS 
configuration has described a better potential for carbon capture 
and recovery than the other configuration. 

The high rate CS system is also very useful for carbon and energy 
recovery from low-strength wastewaters. In light of  maximizing 
energy recovery and carbon capture, high-rate CS technology has 
significant benefits and potential, as it maximizes biosorption 
capacity using RAS aeration scheme and promotes bioflocculation 
compared to conventional systems. This study focused on 
mechanistic understanding of  EPS production in high-rate CS 
system and provides unique insights in the mechanistic differences 
of  how bioflocculation is regulated when operated with high 
strength versus low-strength wastewater. There have some effect 
of  extracellular polymeric substance (EPS) on bioflocculation 
improvement and carbon capture from municipal wastewater in 
pilot-scale and bench-scale CS systems (Rahman et al. 2017). 

The results showed that a rapid increase in EPS was established 
from the famine stabilizer to the aerobic feast contactor and that 
mechanism was responsible for improved bioflocculation, carbon 
capture efficiency and effluent quality. The EPS production was 
driven by high organic loading rate for high-strength wastewater. 
It required minimum stabilization time to induce starvation 
condition for low-strength wastewater systems. 

2.3.3. Trickling filter  

Trickling filters proved to be very promising devices and it have 
the capacity of  high removal rates of  hexavalent chromium. To 
minimize the operating cost, it provides a support material for 
consistent biofilm structure development. The physical aeration is 
adequate for bacterial needs. Indigenous bacteria from industrial 
sludge were enriched. It has been used as an inoculum for the 
filter. There are three types of  operating modes to investigate the 
optimal performance and efficiency of  the filter: (a) batch, (b) 
continuous and (c) SBR with recirculation.

Fig. 2 Schematic diagram of trickling filter

Hexavalent chromium is a strong poisonous and carcinogenic 
agent present in wastewater. It is very necessary to remove the Cr 
(VI) before disposing to the nature. Pilot scale trickling filter was 
used for removing the biological chromium (VI) from wastewater. 
The bacterial populations provides an advantage and to ensure 
the durability under some operating conditions (Dermou et al. 
2005). They were found that removal rates up to 530 g Cr (VI)/
m2 d. 

For biological hexavalent chromium removal from industrial 
wastewater effluents, it indicated a feasible, economical and 
efficient technique. The biological treatment process is not only 
continuously operated, but also in an SBR mode (Kornaros 
and Lyberatos 2006). It is a very promising filter technique for 
removing a great amount of  the biodegradable compounds. COD 
removal efficiency was attained about 60 to 70%. In this filter 
technique, the microorganisms were efficient to remove COD up 
to 36,000 mg/L under aerobic conditions at pH 5.5 and 8.0. The 
rest of  the COD was removed by biological action. 

Biological Cr (VI) reduction can be done by the use of  pilot-
scale bioreactors and bacterial population (Dermou and Vayenas 
2007). A nonlinear dual enzyme kinetic model is introduced 
for operating those bioreactors under SBR mode. This model 
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proved to be a tremendous tool in the reduction of  Cr (VI) from 
industrial effluents and the treatment plants. By this respective 
operation, the reduction rates of  Cr (VI)/d is near about 4.8 g. 
Various types of  filter media is used to estimate Cr (VI) removal in 
biofilm reactors. The biofilm reactors operated in SBR operating 
mode. Two different materials have been applied in pilot-scale 
trickling filters: (a) plastic media and (b) calcitic gravel (Dermou 
et al. 2007). 

Gravel has high specific surface area. The void space becomes 
lesser due to the formation of  sediments and pore clogging at the 
same time. The growth of  a thicker biofilm layer has increased 
by the plastic media. Due to the thicker biofilm layer avoids the 
pore clogging. It is used for the industrial wastewater treatment 
because the filter void space is larger. Plastic media indicates the 
best performance compared to the gravel media at the different 
Cr (VI) concentrations. The rate of  Cr (VI) removal in the plastic 
media is greater than gravel media. The plastic media has the 
capability to remove the Cr (VI) 4.23±0.18 for 5 mg/l, 3.62±0.1 
for 30 mg/l and 3.3±0.08 g for 100 mg/l. In case of  other media, 
the removal rates of  Cr (VI) were4.11±0.09, 3.52±0.06 and 
2.5±0.07 g for 5, 30 and 100 mg/l respectively.

Natural ventilation trickling filters (NVTFs) with sponge, zeolite 
and ceramsite were utilized in domestic wastewater to treat. NVTFs 
have the capability to remove COD and ammonia. Nitrification 
rates (NR), oxygen uptake rate (OUR) and dehydrogenase 
enzyme activity (DHA) of  microorganism were tested by the 
parameters. Polymerase chain reaction-denaturing gradient gel 
electrophoresis (PCR-DGGE) analysis was conducted for the 
differences between microbial communities. The differences were 
showed between the biofilms on zeolite, sponge and ceramsite 
(Zhang et al. 2016).The distribution of  zeolite was similar with 
ceramsite than sponge. Zeolite has no superior capability to 
remove pollutants or nitrifying bacteria growing.

Biotrickling filter reactor (BTFR) treatment process is used to 
remove Formaldehyde (FA) from polluted air (Fulazzaky et al. 
2016). It can be removed by two successive transfer mechanisms 
(1) the formation of  formic acid and methanol in the aqueous 
phase. It is caused by the reaction of  FA with water and hydrogen 
(2) microorganisms are able to metabolise the chemicals-derived 
FA from aqueous phase after passing through the biofilms. 
BTFR design and operations have the capability to reduce the 
contaminated air to improve quality of  air (Fig. 2). 

Biogas produced by the landfills technique and also the anaerobic 
digestion systems to methanol using methanotrophs (aerobic 
CH4-oxidizing bacteria). It is an emerging approach to convert the 
biogas (which is derived from waste) to liquid chemicals and fuels. 
A methanotrophic trickle-bed reactor improved mass transport 
of  O2 and enhanced CH4 oxidation to methanol production. The 
highest CH4 to methanol conversion rates were observed. Using 
optimal operating parameters, methanol productivity showed the 
highest (0.9 g/L/d) from the non-sterile TBR (Sheets et al. 2017).  

3. Conclusion  

Gradually, pollution regulation becomes stringent for the 
betterment of  our future. Thus improvement of  pollution 
abatement technology is gaining more impetus day by day. Proper 
management techniques for water treatment can prohibit the water 
crisis in near future. Aerobic water treatments gained prodigious 
importance over the past decades. Low energy consumption, 
easy process, less equipment, potentiality of  resource recovery 
etc. makes this process more attractive. Design of  appropriate 
treatment technology, depends on the character of  wastewater. 
The main goal of  treatment lies on the protection of  environment 
as well as human health.   
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Reviewing Aerobic Technologies for the 
Treatment of Wastewater

There are multitudes of aerobic biological treatment processes and technologies in literature and practice. 
Biological treatment using aerobic activated sludge process has been in practice for over a century.

By Mr. Kondiba Metkari 

Wastewater treatment has become essential these days, because 
it is so interconnected with the other uses of  water.  This 
wastewater is treated and then converted to effluent to discharge 
it to the natural water streams. If  un-treated water discharged in 
river streams, leave its effects on the wildlife habitats thriving in 
oceans, rivers and marshes, migratory birds using these areas for 
breeding, resting, and nesting, fisheries which have direct impact 
upon human consumption. Thus this effluent must be treated 
before it goes back to the environment to have minimum impact 
on the environment, or can be directly reused. This reclaimed 
water can be used for purposes other than consumption. 
As disposal or reuse is the ultimate aim of  the treatment of  
wastewater, treatment is decided accordingly to create minimum 
impact to the river streams and low sludge for landfills.

Wastewater is treated in three stages primary, secondary and 
tertiary. Primary treatment includes filtering the insoluble solids, 
grit, suspended matter etc. from water, the sand filter is the most 
commonly used filter. The oil and grease found on the surface 
of  some wastewater can also be removed easily through this 
method. Next is secondary treatment, the collected filtered water 
is then treated to reduce its toxicity, decrease oxygen demand 
and disinfect. This treatment includes oxidation and chemical 
treatment. Oxidation can be aerobic or anaerobic involved in 
treatment and the tertiary treatment involves further disinfection 
like absorption, advanced oxidation, disinfection depending upon 
quality of  wastewater.

The oxidation is the most important and integral part of  the 
wastewater treatment processes, it defines the efficacy of  the 
treatment plant. Thus, secondary treatment should be efficient as 

well as it should be economical. Oxidation means decomposition 
of  organic or inorganic matters present in effluent. The 
secondary treatment involves biological oxidation and chemical 
oxidation. Biological oxidation processes can be aerobic and 
anaerobic. Rely on microbial decomposition to treat wastewater, 
the key difference between anaerobic and aerobic treatment is 
that aerobic systems require oxygen, while anaerobic systems do 
not. Most people consider bacteria and other microorganisms 
to be undesirable components of  wastewater. In fact, only a 
small fraction of  the microbes found in wastewater are truly 
pathogenic. Aerobic wastewater treatment encourages the 
growth of  naturally-occurring aerobic microorganisms as a 
means of  renovating wastewater. Such microbes are the engines 
of  wastewater treatment plants. Organic compounds are high-
energy forms of  carbon. The oxidation of  organic compounds 
to the low-energy form (carbon dioxide) is the fuel that powers 
these engines.

The biological aerobic treatment uses bacteria or microbes to 
clean water systems that degrade the organic matter in presence 
of  oxygen. The oxygen required for the decomposition of  organic 
matter by these microbes is often measured in biological oxygen 
demand or BOD, which refers to the amount of  dissolved oxygen 
needed by aerobic organisms to break down organic matter into 
smaller molecules. Provided that oxygen and food, in the form 
of  settled wastewater are supplied to the microorganisms, the 
biological oxidation process of  dissolved organic matter will be 
maintained. The bioconversion of  dissolved organic matter into 
thick bacterial biomass can fundamentally purify the wastewater. 
Subsequently, it is crucial to separate the microbial biomass from 
the treated wastewater through sedimentation. This secondary 

sedimentation is basically similar to primary sedimentation except 
that the sludge contains bacterial cells rather than fecal solids. The 
biological removal of  organic matter from settled wastewater is 
conducted by microorganisms, mainly heterotrophic bacteria 
but also occasionally fungi. The microorganisms are able to 
decompose the organic matter through two different biological 
processes: biological oxidation and biosynthesis. The biological 
oxidation forms some end-products, such as minerals that 
remain in the solution and are discharged with the effluent. 
The biosynthesis transforms the colloidal and dissolved organic 
matter into new cells that form in turn the dense biomass that can 
be then removed by sedimentation.

Oxidation:       

Biosynthesis:

High levels of  BOD indicate an elevated concentration of  
biodegradable material present in the wastewater and low levels 
of  dissolved oxygen and can be caused by the introduction of  
pollutants such as industrial discharges, domestic fecal wastes 
or fertilizer runoff. High BOD levels means low oxygen levels 

thus low or slow decomposition of  organic matter resulting into 
reducing efficacy of  treatment plant.

Thus to treat these water oxygen incorporation is necessary. 
According to the amount of  organic matter and requirement of  
effluence, wastewater treatment might involve different processes 
and different types of  microbes required to decompose organic 
matter. They also require particular operational procedures that 
will differ that are subject to the environment norms needed to 
keep biomass growth rates optimal for the specific microbial 
populations. It is also required to monitor aeration process to 
maintain a consistent dissolved oxygen level to keep the system’s 
bacteria multiplying at the appropriate rate to meet discharge 

requirements. Not only Dissolved oxygen but other parameters 
like pH, nutrients temperature and ratio of  organic matter 
to microbes are also important to monitor as they affect the 
treatment process rate of  decomposition. 

Following are examples of  some common types of  aerobic 
biological wastewater treatment systems, including a brief  
description of  how they function within an industrial wastewater 
treatment procedure to give you an idea of  the types of  
technologies and systems that might benefit your industrial facility.
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1.Activated Sludge

Activated sludge is a very common type of  suspended growth 
aerobic method. In this method the sewage is treated using 
aeration and aerobic microbes composed of  protozoa and other 
aerobic bacteria. This method is based on biological oxidations 
with active sludge aiming to remove the organic matter from 
wastewater. In addition to organic matter removal in this method 
also aids the removal of  nitrogen and phosphorus to some extent.
The active sludge consists of  aerobic active micro-organisms 
with sufficient oxygen supplied so that these micro-organisms 
sufficiently oxidize the organic matter present in the wastewater 
to CO2 and water. Biological floc is an ecosystem of  living biota 
subsisting on nutrients from the inflowing primary clarifier 
effluent. These mostly carbonaceous dissolved solids undergo 
aeration to be broken down and either biologically oxidized 
to carbon dioxide or converted to additional biological floc of  
reproducing micro-organisms. Overflow from the activated 
sludge mixing chamber is sent to a secondary clarifier where the 
suspended biological floc settles out while the treated water moves 
into tertiary treatment or disinfection. Settled floc is returned to 
the mixing basin to continue growing in primary effluent.

There are two types of  implementation of  Active sludge System 
one is conventional type of  sludge system and other is Sequencing 
Batch Reactor. Conventional type consists of  aeration tank and a 
sedimentation tank. Aeration tank used for biological oxidation 
and sedimentation tank is where the sludge is separated from 
treated water and moved to tertiary treatment. The aeration 
basins are sometimes preceded by a mixing tank (selector), where 
the influent is intensively mixed with sludge. The aim of  this 
is to prevent the growth of  thread-forming bacteria whereas, 
in the Sequencing Batch Reactor the purification processes of  
aeration, sedimentation and discharge are performed sequentially 
in same basin. Thus, Sequencing Batch Reactor is best suitable 
for the plants where waste is received in batches. An SBR can 
be used to consecutively perform various biological processes, 
like nitrification and denitrification. An SBR system is better at 
preventing thread-forming bacteria because the system acts as a 
selector during the supply phase.

Review: 

   a) Active sludge systems are flexible, robust and cost-effective. 
A wide range of  influent concentrations can be treated

   b) These systems are effective to attain purification in influents 
that vary little in terms of  composition or supply

   c) A buffer tank is needed to control the high variance where 
the wastewater characteristics vary in terms of  contamination 
and volume 

   d) The process can be optimized according to the wastewater, 
also needs a continuous supervision, but have very limited 
maintenance 

   e) For the wastewater to be effectively undergoing biological 
degradation, it can be tested in lab for small samples

   f) This system requires a relatively large system due to long 
retention times in the tank, the relatively low sludge content 
and the large sedimentation surface

   g) The temperature of  wastewater is normally between 15°C 
and 35°C

   h) A wide range of  COD values can be treated

   i) Highly acidic or alkaline waters must be corrected so that 
a pH between 6.5 and 8.5 can be implemented within the 
system.

   j) Active sludge systems are relatively insensitive, but can 
be inhibited by high concentrations of  salts and specific 
chemicals.

2. Membrane Bioreactors

In membrane bioreactors technology is advanced biological 
wastewater treatment technology that combines the conventional 
suspended growth aerobic method to membrane filtration rather 
than sedimentation. Membrane bioreactor can produce high 
quality effluent enough to discharge to costal area, sea, brackish 
channels or to be reclaimed and reuse for irrigation processes. 
Membrane bioreactors are an activated sludge system that uses a 
membrane for liquid-solid phase separation process. 

The membrane component uses low pressure microfiltration 
membranes and eliminates the need for a secondary clarifier or 
filtration. The membranes thus, replace the sedimentation basin 
in common biological purification and help to separate the sludge 
from the effluent. This helps to ensure that all floating matter is 
retained, whereby sedimentation is no longer a restrictive factor 
for sludge concentration. 
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Membrane bioreactors can be used to reduce the footprint of  an 
activated sludge sewage treatment system by removing some of  
the liquid component of  the mixed liquor.

There are two Membrane Bioreactor configurations: internal/
submerged, where the membranes are immersed in and integral 
to the biological reactor; and external/side stream, where 
membranes are a separate unit process requiring an intermediate 
pumping step. The internal/submerged the membrane is installed 
in either the main reactor or in separate tank. These membranes 
can incorporate and online backwash system to prevent the 
membrane surface fouling; by pumping membrane infiltrate 
back through the membrane. Whereas in External/side stream; 
the filtration components are fixed externally to the reactor. The 
biomass is pumped through membrane module in series and back 
to the bioreactor. Cleaning and soaking of  the membranes can be 
undertaken in place

Review: 

   a) Advantages of  MBRs over conventional processes include 
small footprint, easy retrofit and upgrade of  old wastewater 
treatment plants

   b) It is possible to operate Membrane Bioreactor processes at 
higher mixed liquor suspended solids (MLSS) concentrations 
compared to conventional sedimentation systems, thus 
reducing the reactor volume to achieve the same loading rate

   c) Discharge is possible in vulnerable areas

   d) Levy costs are reduced

   e) Direct use as process water is possible in various applications

   f) Direct post-purification is possible via reverse osmosis for 
the removal of  salts or recalcitrant organic compounds

   g) The quality of  the MBR permeate is greatly determined by 
the quality of  the influent

   h) Dissolved substances, primarily high calcium contents and 
aluminum salts can also cause damage to the membranes

   i) Maintenance cleaning with higher chemical concentration 
and intensive chemical cleaning

  j) In comparison to the conventional activated sludge process 
(ASP) which typically achieves 95 percent, COD removal can 
be increased to 96 to 99 percent in MBRs

3. Trickling Filter

Trickling filters are advanced biological wastewater treatment 
technologies used for efficiently treating wastewaters with high 
to extremely high organic contamination levels. Of  all biological 
treatment systems, these can hold the most contaminant-eating 
microbes in the smallest area, which makes them space-saving 
and energy-efficient technologies ideal for treating wastewaters 
with medium to very high BOD. It consists of  a fixed bed of  
rocks, coke, gravel, slag, polyurethane foam, sphagnum peat 
moss, ceramic over which sewage or other wastewater flows 

downward and causes a layer of  microbial slime (biofilm) to grow, 
covering the bed of  media. Aerobic conditions are maintained by 
splashing, diffusion, and either by forced-air flowing through the 
bed or natural convection of  air if  the filter medium is porous.

The wastewater collected after primary treatment flows into 
a dosing device, often a tipping bucket which delivers flow to 
the arms of  the filter. The trickles of  water flow through the 
arm and exist through the series of  holes pointing in an angle 
downwards. This arm distributes the wastewater by propelling 
over the surface of  filter media. The basin can be covered or 
open to air, if  covered, the air is pumped along with influent in 
the basin. The removal of  pollutants from the wastewater stream 
involves both absorption and adsorption of  organic compounds 
and some inorganic species such as nitrite and nitrate ions by the 
layer of  microbial bio film.

The filter media is typically chosen to provide a very high 
surface area to volume. The materials are often porous and have 
considerable high surface area in addition to the outer surface 

of  the medium. Passage of  the wastewater through the media 
provides dissolved oxygen which the bio-film layer containing 
microbes that requires Dissolved Oxygen for the oxidation of  the 
organic matter and releases carbon dioxide gas, water and other 

oxidized end products. As the bio film layer thickens, it eventually 
marshes off  into the liquid flow and consequently forms part of  
the secondary sludge. A trickling filter is followed by a clarifier or 
sedimentation tank for the separation and removal of  the film. 

Review:

  a) Simple, reliable, biological process

  b) Suitable in areas where large tracts of  land are not available 
for land intensive treatment systems

  c) Effective in treating high concentrations of  organics 
depending on the type of  medium used

  d) Moderate level of  skill and technical expertise needed to 
manage and operate the system
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  e) High effluent quality in terms of  BOD and suspended 
solids removal; in combination with a primary and tertiary 
treatment also in terms of  pathogens

  f) Requires regular operator attention

  g) Some residential systems require forced aeration units which 
will increase maintenance and operational costs

  h) Efficient nitrification (ammonium oxidation)

  i) Resistant to shock loads

  j) Incidence of  clogging is relatively high

4. Moving Bed Biofilm Reactor

Moving bed Biofilm reactors are more advanced technology to 
the conventional trickling filter. In this process the aeration tanks 
are filled with small moving porous biofilm carriers held in the 
basin by media retention sieves. These plastic biofilm carriers 
are typically half- to one-inch diameter cylinders or cubes and 
are designed to be suspended with their immobilized biofilm 
throughout the bioreactor by aeration or mechanical mixing. 
Because of  the suspended moving bio-film carriers, Moving Bed 
Biofilm Reactor allow high BOD wastewaters to be treated in a 
smaller area with no plugging.

These solutions significantly increase the capacity and efficiency 
of  existing wastewater treatment plants, while minimizing the 
size of  new plant deployments. This method makes it possible 

to attain good efficiency results of  disposal with low energy 
consumption. This process is used for the removal of  organic 
substances, nitrification and denitrification.

The Moving Bed Biofilm Reactor system consists of  an activated 
sludge aeration system where the sludge is collected on recycled 
plastic carriers. These carriers have an internal large surface for 
optimal contact water, air and bacteria. The bacteria grow on 
the internal surface of  the carriers. The bacteria break down the 
organic matter from the wastewater. 

The aeration system keeps the carriers with activated sludge in 
motion. Only when there is extra amount of  bacteria growth, the 
excess sludge will come separate from the carriers and will flow 
with the treated water towards the final separator. The system can 
consist of  a one stage or more stage system, depending on the 
specific demands. The specific bacteria remain in their own duty 
tank because of  the fact that the carriers remain in only 1 tank 
protected by screens.

Review:

  a) Higher effective sludge retention time (SRT) which is 
favorable for nitrification

  b) Responds to load fluctuations without operator intervention

  c) Lower sludge production

  d) Less area required

  e) Resilient to toxic shock

  f) Process performance independent of  secondary clarifier

  g) Maintenance-friendly

These are multitudes of  aerobic biological treatment processes 
and technologies in literature and practice. Biological treatment 
using aerobic activated sludge process has been in practice for 
well over a century. Increasing pressure to meet more stringent 
discharge standards or not being allowed to discharge treated 
effluent has led to implementation of  a variety of  advanced 
biological treatment processes in recent years. It is very critical to 
select the suitable treatment process that will be cost effective as 
well as effective in high quality effluent production. Optimization 
is the key to each and every treatment process to work with 
highest efficacy.  We at Hanna offer 360° value to our each 
and every customer. Our versatile designed Optical DO meter 
HI98198 offers Professional dissolved oxygen measurement 
with digital optical probe. Which features IP67 rated waterproof, 
rugged enclosure, Automatic barometric pressure compensation 
and Automatic temperature compensation. It is compact and 
ergonomically designed to provide ready access to the materials 
required for routine sampling. The meter also has a built in 
application to measure and calculate BOD (Biological Oxygen 
Demand), OUR (Oxygen uptake rate), and SOUR (Specific 
Oxygen Update Rate).

Rugged Optical Dissolved Oxygen Probe for water Applications 
smartly manages the maintenance. Smart Cap with RFID 
communication stores factory calibration coefficients. The 
cap is designed in dome shape that helps repel surface bubbles 
and provides increased luminophore surface area for better 
measurement sensitivity.
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Optimal Nutrient Ratios for Wastewater Treatment

Continuously operating process measurement devices have demonstrated that they are indispensable aids to 
achieving greater transparency and reliability in wastewater treatment. The article describes the causes and 

effects of unfavourable nutrient ratios, & measures to be taken to deal with them.

By Michael Winkler

To be able to comply with the legal requirements on treated 
wastewater, plant operators must control the treatment 
process carefully, so that they can intervene promptly to 

prevent ¾ limit values from being exceeded. Besides chemical 
and physical methods, wastewater treatment is essentially based 
on ¾ biological treatments by ¾ microorganisms in activated 
sludge. Knowledge of  the ¾ nutrient requirements and the 
composition of  the activated sludge are therefore needed if  the 
plant is to operate at maximum efficiency. 

Nutrients in Activated Sludge

A balanced nutrient ratio is essential if  the microorganisms are 
to function at maximum efficiency. The most important of  these 
nutrients are carbon, nitrogen and phosphorus.

Carbon 

Carbon is the principal component of  the organic substances 
found in wastewater. It is biodegraded by the microorganisms in 
activated sludge under anaerobic conditions (bio-P), in an anoxic 
environment (denitrification zone) and in the aerated part of  the 
biological stage (nitrification zone). The microorganisms use the 
car- bon compounds to build their cell structures and to generate 
energy.

¾ Carbon compounds are determined as COD, BOD5 or TOC

Nitrogen 

In the inflow of  wastewater treatment plants, nitrogen is present in 
organically bonded form (organic N) and as ammonium nitrogen 
(NH4-N). During biological wastewater treatment, organic N is 
con- verted to NH4-N by the bacteria in the activated sludge. This 

NH4-N and the NH4-N from the inflow are converted to nitrite, 
which in turn is converted to nitrate (nitrification). The nitrogen 
compounds that are not biodegraded in the activated sludge are 
converted under anoxic conditions (absence of  dissolved O2) 
to elementary nitrogen (denitrification). This escapes into the 
atmosphere as N2.

¾  Nitrogen compounds are determined as NH4-N, NO2-N, 
NO3-N and TN (total nitrogen, which is important for balancing 
and outflow checks).

Phosphorus 

The P load in the inflow of  a wastewater treatment plant is made 
up of  orthophosphate-phosphorus (PO4-P), polyphosphates and 
organic phosphorus compounds. Together, they give the sum 
parameter ‘total phosphorus’ (Ptot).

During biological wastewater treatment, polyphosphates 
and organically bonded phosphorus are converted to 
orthophosphate. 

Organic compounds + O2 + Nutrients

New cell material + CO2  + H2O

Microorganisms

The P demand of  the organisms is due to the special role of  
phosphorus in their energy metabolism. P is needed to form 
the cell membrane and DNA. Some of  the phosphorus in 
wastewater is eliminated biologically (bio-P). The rest can be 
removed by chemico-physical phosphate precipitation.

         COD (Chemical Oxygen Demand); this corresponds approximately to the amount of oxygen  required to completely oxidise the carbon 
compounds, including reduced inorganic compounds.

BOD5 (Biological Oxygen Demand); this indicates how much elementary oxygen is consumed during  five days of biodegradation by 
microorganisms under standard conditions.

TOC (Total Organic Carbon) is a measure of organically bonded carbon; in contrast to BOD5, TOC  also includes the carbon in poorly 
biodegradable compounds.

TKN (Kjeldahl nitrogen) is a measure of organically bonded nitrogen (organic N) and ammonium nitrogen (NH4-N).

Total nitrogen TN (LATON) includes organically bonded nitrogen, ammonium nitrogen (NH4-N), nitrite (NO2-N) and nitrate (NO3-N).

Table 1: Important Sum Parameters for Wastewater Treatment

Figure. 1: Degradation Processes During Nitrification and Denitrification

¾   Phosphorus compounds are determined as ortho-PO4-P 
(control of  precipitation) and as Ptot (balancing, outflow 
monitoring)

Trace elements 

Other trace elements needed to build cells – e.g. potassium, 
magnesium, manganese, iron, copper, zinc and nickel, and 
vitamins and growth factors – are usually present in municipal 
wastewater, or the microorganisms in the activated sludge provide 
them themselves.

Sulphur

Septic domestic wastewater and some industrial wastewater contain 
reduced sulphur compounds (hydrogen sulphide, sulphides and 
thiosulphates). Sulphur is an indispensable component of  proteins. 
In wastewater treatment plants, reduced sulphur compounds are 
not only oxidised chemically to sulphate but are also oxidised by 

some bacteria to form sulphur and, since this process generates 
energy, are stored inside cells as food reserves. High concentrations 
of  reduced sulphur compounds in wastewater can, however, cause 
a number of  problems (Table 2).

C:N:P ratio (BOD5:TN:Ptot)

The content of  the individual nutrients in wastewater should 
correspond to the needs of  the bacteria in the activated sludge, 
and there should be a balanced relationship between C, N and 
P. This is crucial to the effectiveness of  the biodegradation 
processes. During aerobic wastewater treatment, the C:N:P ratio 
should be in the range between 100:10:1 and 100:5:1.

Favourable and Unfavourable Nutrient Ratios

However, all sorts of  industrial plants, regional differences in eating 
habits (disposal of  different kitchen wastes through the drains), 
and the nature of  the soil and drinking water cause wastewater 
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to vary widely in its composition. Experience has shown that 
the C:N:P ratio in municipal wastewater is about 100:20:5. The 
excess N and P compounds can usually be eliminated from the 
wastewater without any great difficulty using modern methods. 

If  the wastewater in the inflow to the biological stage is deficient 
in one of  the main nutrients, a wide range of  problems may 
occur (Table 3). For efficient denitrification, a certain proportion 
of  readily biodegradable C compounds must be present. After 
municipal wastewater has passed through the primary settling 
tank, it has a BOD5:N ratio of  100:25 (=5). If  the ratio falls 
below 100:40 (=2.5), the efficiency of  the denitrification process 
is impaired, resulting in higher nitrate values in the outflow. If  

         
Causes/Origin of

 wastewater
Possible 

consequences
Corrective

 action

High concentrations of 
sulphur compounds from 
chemical and  protein 
processing industries 
(meat and poultry 
processing)
Anaerobic processes in 
the sewerage system, 
which  cause sulphur 
compounds to be reduced 
to hydrogen sulphide

Corrosion in sewers and 
tank walls in wastewater 
treatment plants

Neighbours suffer odour 
nuisance

Add iron salts to 
the sewer (e.g. at 
the pumping 
stations)

Increased growth of 
sulphur oxidising 
filamentous 
bacteria (Type 021 N)

 Avoid blockages in 
the sewerage 
network

Table 2: Causes and Effects of High Sulphur Concentrations

          
 

Shortage of Causes/Origin of the wastewater Possible consequences Corrective action

Carbon

Nitrogen

Phosphorus

•  Long dwell time in the sewerage network 

•  Far-reaching primary treatment of the wastewater

•  Industrial wastewater with a high nitrogen 
   content, e.g. from milk and meat processing

Low-nitrogen wastewater from:

• Paper industry

• Fruit and vegetable processing

•  Landfill leachate, wastewater from fruit and 
   vegetable processing

•  Increased COD/TOC values 
   in the outflow

• Filamentous bacteria

•  Profuse development of 
    filamentous bacteria (sludge       
    bulking and foam)

•  Insufficient denitrification

•  High COD/TOC values in the    
   inflow of the wastewater  
   treatment plant

• Filamentous bacteria

Balance the nutrient ratio by:

•  Addition of N compounds (good-value    
   industrial products such as urea)

•  Addition of domestic wastewater, turbid  
   water from digester

Balance the nutrient ratio by:

•  Addition of P compounds (good-value      
   industrial products such as phosphoric    
   acid or phosphate fertilisers for the  
   agricultural sector)

•  Addition of domestic wastewater

•  Bypass the primary treatment

•  Increase the denitrification volume while     
   retaining sufficient volume for the
   nitrification (minimum sludge age of 9 days)

Table 3: Causes and effects of nutrient deficiencies in the biological stage of wastewater treatment

bypassing the primary treatment and increasing the denitrification 
volume fail to bring about any improvement, the addition of  a 
readily degradable substrate (external source of  carbon) should 
be considered. Carbon sources for nutrient balancing include: -  
Internal C = hydrolysed or acidified primary sludge -  External C 
= industrial residues (from breweries, dairies, sugar industry) and 
industrial products (methanol, ethanol, acetic acid).

COD:BOD5 ratio 

The ratio of  these two sum parameters is a measure of  the 
biodegradability of  the wastewater pollution load. If  the 
COD:BOD5 ratio does not exceed 2:1, the biodegradability is 
said to be good. Higher values indicate the presence of  poorly 
biodegradable substances.

Example: A municipal wastewater treatment plant with a high 
proportion of  industrial wastewater has the following nutrient 
parameters in the inflow to the biological treatment stage (Table 5).

The BOD5:N ratio of  2.45 is too low for adequate denitrification 
to occur. External carbon compounds should therefore be added. 
However, a number of  calculations have to be carried out before 
this is done:

1. Amount of  nitrogen that is not to be denitrified (∑Nn.z.d.): 
¾  see Table 6
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2. Calculate the amount of  nitro- gen that can be denitrified 
with the wastewater: With upstream denitrification and a VD:VAT 
ratio of  0.5, the denitrification capacity (according to Table 7) is 
CDeni = 0.15 kg NO3-ND/kg BOD5.

SNO3-N, D = CDeni × BOD5 inflaer = 0.15 × 110 mg/L = 16.5 mg/L

This means that 16.5 mg/L NO3-N can be denitrified with the 
existing biological treatment.

         
Causes/Origin of

 wastewater
Possible 

consequences
Corrective Action

•  Inadequate  
   denitrification 
  (high nitrate values  
  in the outflow)

• High COD in the  
  outflow of the    
  wastewater  
  treatment plant

•  Deterioration of   
    bio-P

•  Addition of C sources  
   to improve  
   denitrification

•  Use  chemicophysical  
   methods (ozone     
   treatment, activated 
   carbon filter, membrane  
   technology) for poorly    
   biodegradable and  
   non-biodegradable 
   substances

• Landfill leachate,    
  wastewater from  
  composting and residual 
  waste treatment facilities     
  and the chemical industry

• Considerable reduction  
   in BOD5 in the long  
   sewage net work in 
   summer

• Intensive primary 
  treatment of the
  wastewater

Table 4: Causes and Effects of Unfavourable COD:BOD5 Ratios

         

Inflow [m3/d]

BOD5 infl aer [mg/L]

TNinfl aer LATON [mg/L]

Ptot infl aer [mg/L]

BOD5 infl aer. : TNinfl aer = 110:45 =

         

CDeni (Denitrification capacity in 
kg NO3-ND/kg BOD5)

Upstream 
denitrification

Simultaneous and 
intermittent denitrification

VD/VAT
Volume Deni /

Volume Aeration

0.2

0.3

0.4

0.5

0.11

0.13

0.14

0.15

0.06

0.09

0.12

0.15

         

Acetic acid Methanol Ethanol

COD

TOC

BOD5

Density

kg/kg

kg/kg

kg/kg

kg/m3

1.07

0.40

0.70

1,060

1.50

0.38

0.96

790

2.09

0.52

1.35

780

Table 5: Average Daily Values of a Municipal Wastewater 
Treatment Plant

Table 7: Denitrification Capacity in Accordance with ATV-A131 
(guideline values for dry weather and temperatures from 10 to 120C)

Table 8: External Carbon Sources for Calculating the 
Necessary Dosage

Regulating the substrate dosage by means of 
NO3-N measurements

3. Calculating the external substrate requirement
 
The still to be denitrified N content is the total added nitrogen 
minus the amount of  nitrogen that is not to be denitrified minus 
the amount of  nitrogen that the plant can denitrify:

SNO3-N, D, Ext = TNInflow- ∑Nn.d. - SNO3-N, D = 45 mg/L - 15.5 mg/L - 
16.5 mg/L = 13 mg/L

To denitrify the remaining 13 mg/L nitrogen, the microorganisms 
in the activated sludge must be provided with an additional 
source of  carbon. A daily wastewater volume of  10,000 m3 has a 
nitrogen load of  130 kg. According to DWA Work Sheet A131, 
the external carbon requirement is 5 kg COD/1 kg NO3-N. This 
means that, for complete denitrification to occur, 650 kg COD 
are needed per day. If  the additional carbon is provided in the 
form of  acetic acid, the data provided in Table 8 indicate that 607 
kg would have to be added each day. The targeted dosage is based 
on the NO3-N values.

Table 6: Calculation of Amount of Nitrogen that is not to be 
Denitrified (Σ  Nn.d.)∑  

         
Average 

daily values

N incorporated in biomass (5 % of BOD5 infl aer)

Norg.e (e = assumed target quantity in the outflow)

NH4-Ne (e = target quantity in the outflow)

NO3-Ne (e = target quantity in the outflow)

Sum

5.5mg/L

2mg/L

0mg/L

8mg/L

15.5 mg/L

Conclusions 

Unfavourable nutrient ratios and high concentrations of  
individual substances reduce the degradation efficiency of  
biological wastewater treatment processes. Early recognition and 
continuous monitoring of  critical parameters is therefore essential 
in order to enable plant operators to take rapid corrective action 
when necessary. Only in this way can compliance with legal 
outflow values be ensured and unnecessarily high wastewater 
levies be avoided. Continuously operating process measurement 
devices have demonstrated that they are indispensable aids to 
achieving greater transparency and reliability.
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areas. He has specialised is areas like the problems associated 
with design, construction, operation and maintenance of  water 
supply facilities ranging from sophisticated industrial sites to 
remote water-short areas of  the world. He can be contacted at  
michael.winkler@iwr.uni-heidelberg.de  
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Impact of Advancement In 
Wastewater Treatment Methods

The article discusses the impact of advancement in wastewater treatment methods. Read on…

By S.M. Kumar

The principal objective of  wastewater treatment is generally 
to allow human and industrial effluents to be disposed 
of  without danger to human health or unacceptable 

damage to the natural environment. Irrigation with wastewater 
is both disposal and utilization and indeed is an effective form 
of  wastewater disposal (as in slow-rate land treatment). However, 
some degree of  treatment must normally be provided to raw 
municipal wastewater before it can be used for agricultural or for 
aquaculture. The quality of  treated effluent used in agriculture 
has a great influence on the operation and performance of  
the wastewater-soil-plant or aquaculture system. In the case of  
irrigation, the required quality of  effluent will depend on the 
crop or crops to be irrigated, the soil conditions and the system 
of  effluent distribution adopted. Through crop restriction and 
selection of  irrigation systems which minimize health risk, the 
degree of  pre-application wastewater treatment can be reduced. 

The most appropriate wastewater treatment to be applied before 
effluent use in agriculture is that which will produce an effluent 
meeting the recommended microbiological and chemical quality 
guidelines both at low cost and with minimal operational and 
maintenance requirements. Adopting as low a level of  treatment 
as possible is especially desirable in developing countries, not 
only from the point of  view of  cost but also in acknowledgement 
of  the difficulty of  operating complex systems reliably. In many 
locations it will be better to design the reuse system to accept a 
low-grade of  effluent rather than to rely on advanced treatment 
processes producing a reclaimed effluent which continuously 
meets a stringent quality standard.

Nevertheless, there are locations where a higher-grade effluent 
will be necessary and it is essential that information on the 

performance of  a wide range of  wastewater treatment technology 
should be available. The design of  wastewater treatment plants is 
usually based on the need to reduce organic and suspended solids 
loads to limit pollution of  the environment. 

Pathogen removal has very rarely been considered an objective 
but, for reuse of  effluents in agriculture, this must now be of  
primary concern and processes should be selected and designed 
accordingly. Treatment to remove wastewater constituents that may 
be toxic or harmful to crops, aquatic plants (macrophytes) and fish 
is technically possible but is not normally economically feasible. 

The short-term variations in wastewater flows observed at 
municipal wastewater treatment plants follow a diurnal pattern. 
Flow is typically low during the early morning hours, when 
water consumption is lowest and when the base flow consists of  
infiltration-inflow and small quantities of  sanitary wastewater. 
A first peak of  flow generally occurs in the late morning, when 
wastewater from the peak morning water use reaches the treatment 
plant, and a second peak flow usually occurs in the evening. The 
relative magnitude of  the peaks and the times at which they occur 
vary from country to country and with the size of  the community 
and the length of  the sewers. Small communities with small sewer 
systems have a much higher ratio of  peak flow to average flow 
than do large communities. Although the magnitude of  peaks is 
attenuated as wastewater passes through a treatment plant, the 
daily variations in flow from a municipal treatment plant make it 
impracticable, in most cases, to irrigate with effluent directly from 
the treatment plant. Some form of  flow equalization or short-
term storage of  treated effluent is necessary to provide a relatively 
constant supply of  reclaimed water for efficient irrigation, 
although additional benefits result from storage.

Preliminary Treatment

The objective of  preliminary treatment is the removal of  coarse 
solids and other large materials often found in raw wastewater. 
Removal of  these materials is necessary to enhance the operation 
and maintenance of  subsequent treatment units. Preliminary 
treatment operations typically include coarse screening, grit 
removal and comminution of  large objects. In grit chambers, the 
velocity of  the water through the chamber is maintained sufficiently 
high, or air is used, so as to prevent the settling of  most organic 
solids. Grit removal is not included as a preliminary treatment 
step in most small wastewater treatment plants. Comminutors are 
sometimes adopted to supplement coarse screening and serve to 
reduce the size of  large particles so that they will be removed 
in the form of  sludge in subsequent treatment processes. Flow 
measurement devices, often standing-wave flumes, are always 
included at the preliminary treatment stage.

Primary Treatment

The objective of  primary treatment is the removal of  settle able 
organic and inorganic solids by sedimentation, and the removal 
of  materials that will float (scum) by skimming. Approximately 

25 to 50% of  the incoming biochemical oxygen demand (BOD5), 
50 to 70% of  the total suspended solids (SS), and 65% of  the oil 
and grease are removed during primary treatment. Some organic 
nitrogen, organic phosphorus, and heavy metals associated with 
solids are also removed during primary sedimentation but colloidal 
and dissolved constituents are not affected. The effluent from 
primary sedimentation units is referred to as primary effluent. 

In many industrialized countries, primary treatment is the 
minimum level of  pre application treatment required for 
wastewater irrigation. Primary sedimentation tanks or clarifiers 
may be round or rectangular basins, typically 3 to 5 m deep, with 
hydraulic retention time between 2 and 3 hours. Settled solids 
(primary sludge) are normally removed from the bottom of  tanks 
by sludge. Scum is swept across the tank surface by water jets 
or mechanical means from which it is also pumped to sludge 
processing units.

In large sewage treatment plants (> 7600 m3/d in the US), primary 
sludge is most commonly processed biologically by anaerobic 
digestion. In the digestion process, anaerobic and facultative 
bacteria metabolize the organic material in sludge, 
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thereby reducing the volume requiring ultimate disposal, making 
the sludge stable (non putrescible) and improving its dewatering 
characteristics. Digestion is carried out in covered tanks 
(anaerobic digesters), typically 7 to 14 m deep. The residence time 
in a digester may vary from a minimum of  about 10 days for 
high-rate digesters (well-mixed and heated) to 60 days or more in 
standard-rate digesters. Gas containing about 60 to 65% methane 
is produced during digestion and can be recovered as an energy 
source. In small sewage treatment plants, sludge is processed in 
a variety of  ways including: aerobic digestion, storage in sludge 
lagoons, direct application to sludge drying beds, in-process 
storage (as in stabilization ponds), and land application.

Secondary Treatment

Treatment of  the effluent from primary treatment to remove 
the residual organics and suspended solids. Aerobic biological 
treatment is performed in the presence of  oxygen by aerobic 
microorganisms (principally bacteria) that metabolize the 
organic matter in the wastewater, thereby producing more 
microorganisms and inorganic end-products (principally CO2, 
NH3, and H2O). Several aerobic biological processes are used for 

secondary treatment differing primarily in the manner in which 
oxygen is supplied to the microorganisms and in the rate at which 
organisms metabolize the organic matter. The sedimentation 
tanks used in secondary treatment, often referred to as secondary 
clarifiers, operate in the same basic manner as the primary 
clarifiers described previously. The biological solids removed 
during secondary sedimentation, called secondary or biological 
sludge, are normally combined with primary sludge for sludge 
processing.

Common high-rate processes include the activated sludge 
processes, trickling filters or biofilters, oxidation ditches, and 
rotating biological contactors (RBC). A combination of  two of  
these processes in series (e.g., biofilter followed by activated sludge) 
is sometimes used to treat municipal wastewater containing a high 
concentration of  organic material from industrial sources.

i. Activated Sludge

In the activated sludge process, the dispersed-growth reactor 
is an aeration tank or basin containing a suspension of  the 
wastewater and microorganisms, the mixed liquor. The contents 
of  the aeration tank are mixed vigorously by aeration devices 
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which also supply oxygen to the biological suspension . 
Aeration devices commonly used include submerged diffusers 
that release compressed air and mechanical surface aerators that 
introduce air by agitating the liquid surface. Hydraulic retention 
time in the aeration tanks usually ranges from 3 to 8 hours but 
can be higher with high BOD5 wastewaters. Following the 
aeration step, the microorganisms are separated from the liquid 
by sedimentation and the clarified liquid is secondary effluent. A 
portion of  the biological sludge is recycled to the aeration basin 
to maintain a high mixed-liquor suspended solids (MLSS) level. 
The remainder is removed from the process and sent to sludge 
processing to maintain a relatively constant concentration of  
microorganisms in the system. 

ii. Trickling Filters

A trickling filter or biofilter consists of  a basin or tower filled with 
support media such as stones, plastic shapes, or wooden slats. 
Wastewater is applied intermittently, or sometimes continuously, 
over the media. Microorganisms become attached to the media 
and form a biological layer or fixed film. Organic matter in 
the wastewater diffuses into the film, where it is metabolized. 
Oxygen is normally supplied to the film by the natural flow 
of  air either up or down through the media, depending on the 
relative temperatures of  the wastewater and ambient air. Forced 
air can also be supplied by blowers but this is rarely necessary. 
The thickness of  the biofilm increases as new organisms grow. 
Periodically, portions of  the film ‘slough off  the media. 

The sloughed material is separated from the liquid in a secondary 
clarifier and discharged to sludge processing. iii. Rotating Biological 
Contactors: They are fixed-film reactors similar to biofilters in 
that organisms are attached to support media. In the case of  the 
RBC, the support media are slowly rotating discs that are partially 
submerged in flowing wastewater in the reactor. Oxygen is 
supplied to the attached biofilm from the air when the film is out 
of  the water and from the liquid when submerged, since oxygen 
is transferred to the wastewater by surface turbulence created by 
the discs’ rotation. 

Tertiary And/Or Advanced Treatment

Tertiary and/or advanced wastewater treatment is employed 
when specific wastewater constituents which cannot be removed 
by secondary treatment must be removed. 

Natural Biological Treatment Systems
Natural low-rate biological treatment systems are available for the 
treatment of  organic wastewaters such as municipal sewage and 
tend to be lower in cost and less sophisticated in operation and 
maintenance. Although such processes tend to be land intensive by 
comparison with the conventional high-rate biological processes 
already described, they are often more effective in removing 
pathogens and do so reliably and continuously if  properly designed 
and not overloaded. Among the natural biological treatment 
systems available, stabilization ponds and land treatment have 
been used widely around the world and a considerable record 
of  experience and design practice has been documented. The 
nutrient film technique is a fairly recent development of  the 
hydroponic plant growth system with application in the treatment 
and use of  wastewater.

Wastewater Stabilization Ponds:

Facultative Ponds

The effluent from anaerobic ponds will require some form of  
aerobic treatment before discharge or use and facultative ponds 
will often be more appropriate than conventional forms of  
secondary biological treatment for application in developing 
countries. 

Primary facultative ponds will be designed for the treatment 
of  weaker wastes and in sensitive locations where anaerobic 
pond odours would be unacceptable. Solids in the influent to a 
facultative pond and excess biomass produced in the pond will 
settle out forming a sludge layer at the bottom. The benthic 
layer will be anaerobic and, as a result of  anaerobic breakdown 
of  organics, will release soluble organic products to the water 
column above.

Floating Aquatic Macrophyte Systems

Floating macrophyte species, with their large root systems, are 
very efficient at nutrient stripping. Although several genera have 
been used in pilot schemes, including Salvinia, Spirodella, Lemna 
and Eichornia has been studied in much greater detail. In tropical 
regions, water hyacinth doubles in mass about every 6 days and 
a macrophyte pond can produce more than 250 kg/ha d (dry 
weight). Nitrogen and phosphorus reductions up to 80% and 
50% have been achieved. 
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In Tamil Nadu, India, studies have indicated that the coontail, 
Ceratophyllum demersum, a submerged macrophyte, is very 
efficient at removing ammonia (97%) and phosphorus (96%) 
from raw sewage and also removes 95% of  the BOD5. The 
basic function of  the macrophytes in the latter mechanism is 
to assimilate, concentrate and store contaminants on a short-
term basis. Subsequent harvest of  the plant biomass results in 
permanent removal of  stored contaminents from the pond 
treatment system.

Emergent Macrophyte Treatment Systems

Natural and artificial wetlands and marshes have been used to 
treat raw sewage and partially-treated effluents. Natural wetlands 
are usually unmanaged, whereas artificial systems are specially 
designed to maximize performance by providing the optimum 
conditions for emergent macrophyte growth. The key features of  
such reed bed treatment systems are:

   • Rhizomes of  the reeds grow vertically and horizontally in the 
soil or gravel bed, opening up ‘hydraulic pathways’. 

   • Wastewater BOD and nitrogen are removed by bacterial 
activity; aerobic treatment takes place in the rhizosphere, 
with anoxic and anaerobic treatment taking place in the 
surrounding soil. 

   • Oxygen passes from the atmosphere to the rhizosphere 
via the leaves and stems of  the reeds through the hollow 
rhizomes and out through the roots. 

   • Suspended solids in the sewage are aerobically composted 
in the above-ground layer of  vegetation formed from dead 
leaves and stems.

Nutrient Film Technique

The nutrient film technique (NFT) is a modification of  the 
hydroponic plant growth system in which plants are grown 
directly on an impermeable surface to which a thin film of  
wastewater is continuously applied. Root production on the 
impermeable surface is high and the large surface area and 

accumulates matter. Plant top-growth provides nutrient uptake, 
shade for protection against algal growth and water removal in 
the form of  transpiration, while the large mass of  self-generating 
root systems and accumulated material serve as living filters.

Conclusion

Water has a precious value and each drop must be accounted 
for in water scarce regions. Therefore, wastewater has to be 
reclassified as a renewable water resource rather than waste as it 
helps to increase water availability and at the same time, prevents 
environmental pollution. 

Utilization of  this resource requires collection, treatment, and 
use of  all generated wastewater. Although reuse of  wastewater is 
recognized in most water-scarce countries, the reuse of  wastewater 
is still very low. The reuse of  the wastewater decreases the money 
spent on fertilizers, and the resulting water is considered safe, 
since it has been treated for pathogens. To come to this point, the 
urban areas of  many developing countries are growing rapidly, 
and ecological sanitation systems that are sustainable and have the 
ability to adapt and grow with the community’s sanitation needs 
must be developed. 

To successfully implement the strategies for wastewater reuse, it 
is vitally necessary for institutional and policymaking capacities to 
be improved, public awareness of  related issues to be increased, 
and appropriate financial mechanisms to be created. 



Sustainable Integrated Decentralized 
Waste Management

By Dr. D. N. Ravi Shankar 

Generation of  the liquid waste (sewage) and bio-
degradable solid waste (food waste) is inevitable in 
any community. Scientific disposal of  both wastes 

is mandatory by the community like apartments, industries as 
per pollution control board norms. Generally in most cases 
food waste is composted and liquid waste is treated in various 
technologies. Part of  the treated water is reused for toilet flushing 
and gardening and rest is let out to drains. Anaerobic technologies 
produce biogas which can be used for various purposes like 
cooking, power generation, etc. Hence combination of  anaerobic 
and aerobic technologies if  are used in the process flow has many 
advantages and will be a sustainable option for scientific disposal 
and reuse of  both wastes. There are several case studies to that 
extent.

Introduction

Anaerobic degradation liquid wastes like septic tanks are century 
old. Lots of  improvements have occurred in the last three 
decades in the anaerobic technologies. In case of  liquid waste 
the effluents of  the anaerobic technologies do not meet the 
mandatory standards, but still majority of  the BOD/COD could 
be removed with production of  the biogas. The effluents of  the 
anaerobic technologies can be subjected to aerobic degradation 
to meet the mandatory treated water standards. Food waste can 

be grinded with recycled water of  the STP and made into liquid 
waste and can be fed into an anaerobic digester integrated in 
the STP civil structure itself. Hence, both food waste and liquid 
waste will produce biogas that can be used for many beneficial 
purposes.

Anaerobic technologies have many advantages like less sludge 
production, higher organic loadings, less footprint, produce 
biogas and energy positive. Hence, introduction of  anaerobic 
technologies will reduce overall foot print and power for the 
entire STP as a whole. 

Aerobic technologies use oxygen available in the air as an 
oxidising agent and degrade BOD into carbon dioxide, water and 
biomass. This addition of  oxygen requires power for blowers and 
diffusers which require a lot of  power. Since major pollution (70 
to 75 per cent) will be removed in anaerobic technologies, aerobic 
technologies will have lesser pollution to remove. This optimises 
the power and foot print of  the integrated waste handling facility.

There are many anaerobic technologies like anaerobic baffle 
reactor, anaerobic contact process, up-flow anaerobic sludge 
blanket reactors and several modifications of  the above said 
processes. Multiple aerobic technologies are available like 
activated sludge process and its modifications, trickling filters and 

its modifications. The designer should consider various options 
of  combination of  the technologies for a given situation and 
make the entire process flow sheet sustainable.

Consider decentralized waste management as an industry as shown 
in the image we realize that raw material is free and reliable, end 
products has demand (biogas & treated water) and by products 
sludge has a fertilizer value. This is the only industry on the earth 
where nothing goes waste. Hence, it is a very sustainable option. 

For any flow sheet to be sustainable, many parameters should be 
part of  the design while selection of  the technologies.

   •   Wastewater should not be seen during the process of  
treatment

   • Very less power

   • No noise and vibrations

   • Less sludge production

   • Less foot print

   • No odour 

   • Biogas should be part of  the design both from solid and 
liquid waste and overall design should be energy positive

   • Less skilled maintenance

   • Less moving parts in the system

   • Use of  gravitational forces as part for energy requirements
The designer should consider above points to make the flow 
sheet sustainable and profitable. Such facilities get social attention 
and can be replicated itself  if  proper planning and designs are 
incorporated considering already mentioned issues.

A typical working case studies designed considering above issues.

The treated water of  800 KLD STP is being used for toilet flushing 
and gardening. The biogas utilization for power generation is on 
the cards

60 KLD STP and 300 kg food waste facility is producing biogas 
being used for cooking in the club further treated water is used 
for gardening. 

About the Authors
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Reuse of Septic Tank Effluent
by Treating it With Ozone

By Jainam Shah, Madhura Taskar, Priyanka Singh & Soham Vaishampayan 

As population is increasing exponentially, water 
requirements are also surging day by day. Also, changes 
in global weather patterns due to El Nino have 

aggravated the conditions by drying up monsoon in various 
countries including India. Water basins are not filled enough to 
ensure continuous supply of  water throughout the year. Hence, 
it becomes vital need of  an hour to use water effectively and 
economically in order sustain it for future generations. Thus, 
in this article, we have demonstrated an alternative technology 
which can be used to treat water economically. Septic tank has 
been used to treat water since time immemorial. However, the 
quality of  effluent from septic tank is not good enough to reuse it 
for household or potable purposes. Hence, it is generally drained 
off  in drainfield after filtering it with some suitable filter. Here, 
we have made an attempt to reuse the effluent of  septic tank by 
using septic tank in conjunction with ozone generator to improve 
the quality of  effluent.

Introduction 

According to the World Bank report in 2014, 67.63% of  India’s 
population lives in rural areas. As houses in rural areas are spaced 

far apart, it becomes extremely expensive to provide sewerage 
system in such areas. Therefore, people in rural areas have to 
rely on domestic sewage treatment plants where connection to 
main sewage pipes are not provided by local governments or 
private corporations. In North America, approximately 25% of  
the population relies on septic tanks, including some suburbs and 
small towns as well as rural areas. 

Indianapolis is one example of  a large city where many of  the 
city’s neighborhoods still rely on separate septic systems. In 
Europe, septic systems are generally limited to rural areas. Hence, 
it is indispensable to ensure the quality of  effluent of  septic tank 
is reusable for household purposes. Although, there are many 
other advanced treatment units like ATS (Aerobic Treatment 
System) or filters like Peat Filter, Coco Fiber Filter, Advan Tex 
Units, Geotextile fibers which can be used in conjunction with 
septic tank to decrease the BOD of  effluent, but using ATS 
can considerably increase the price of  system and mere filters 
cannot solve the problem of  odour, colour, viruses and bacteria. 
Hence, ozone could be the best disinfectant used to solve all these 
problems.

Percentage of Population using
on-site wastewater disposal

systems

Percentage of
Population 

using on-site
Wastewater

Disposal
Systems

United States France 

30

25

20

15

10

5

0

Ireland

20
23

27.5

Table1. Percentage of Population using onsite wastewater disposal systems.

The Process

   • Untreated sewage from a property flows into the septic tank 
and the solids are separated from the liquid.

   • Solid material is separated depending on their density. 
Heavier particles settle at the bottom of  the tank whereas 
lighter particles, such as soap scum, will form a layer at the   
top of  the tank.

   • Biological processes are used to help degrade the solid 
materials.

   • The liquid then is pumped into a sand filter.

   • The water is then filtered in fines and filter or micron bag 
filter.

   • Then reozonised on line as a final polishing.

Figure 1: Overview of entire project

Figure 2: Close view of Septic tack and Inspection Chamber

Figure 3:  Close view of ozonator, pumps, and sand filter

1. Inspection Chamber                2. Septic tank and sand filter               3. Ozonator
4. Carbon filter                           5. Treated water tank                           6. Final filtration and supply
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   • This treated water can be used for flushing, car washing, 
gardening cooling tower feed etc.

Detail Description Of Each Unit 

A. Septic Tank 

1) Introduction A septic tank is a small scale sewage treatment 
system common in areas without connection to main sewage 
pipes. The settled solids are anaerobically digested, reducing 
the volume of  solids. The excess liquid, now in a relatively clear 
condition, then drains from the outlet into the septic drain field 
or leach field. However, when effluent from septic tank is treated 
with ozone it can readily be used for household purposes. 

2) Working of  septic tank

Figure 4: Working of Septic tank

Figure 5: Pressure sand filter

Figure 5: Production of ozone with corona discharge method

The septic tank is a buried, watertight container typically made 
of  concrete, fiberglass, or polyethylene. It holds the waste water 
long enough to allow solids to settle out (forming sludge) and 
oil and grease to float to the surface (as scum). It also allows 
partial decomposition of  the solid materials. Compartments 
and a T-shaped outlet in the septic tank prevent the sludge and 
scum from leaving the tank and travelling into the drainfield 
area. Screens are also recommended to keep solids from entering 
the drainfield. Newer tanks generally have risers with lids at the 
ground surface to allow easy location, inspection, and pumping 
of  the tank.

B. Filter Media 

A septic tank filter is a device inserted in the outlet “T” of  the 
septic tank. Its purpose is to filter the wastewater from the septic 
tank before it discharges to the wastewater land management 
area. Pressure filters are similar to gravity filters in that they 
include filter media, supporting bed, underdrain system, and 
control device. The use of  pressure filters eliminates the need for 
repumping of  filtered water.

C. Ozone 

1) Introduction Ozone is tri atomic Oxygen. O3 is a very strong 
disinfectant & oxidant. Any pathogen or contaminant that can be 
disinfected, altered or removed via an oxidation process, will be 
affected by ozone. It is the strongest of  all molecules available 
for disinfection. In water treatment ozone is more than twice as 
powerful as chlorine and acts 3000 times faster. Ozone can be 
used as a disinfectant deodorizer, detoxifier and a coagulant. Due 
to these properties ozone is widely used in air, water and waste 
water treatment in variety of  applications. 

2) Production of  ozone

Corona Discharge: 

An electrical discharge (a spark) splits an oxygen molecule into 
two oxygen atoms. (Electrical discharge is also referred to as 
corona discharge.) These unstable oxygen atoms combine with 
other oxygen molecules. This combination forms ozone. Corona 
discharge, also known as silent electrical discharge, consists 
of  passing an oxygen-containing gas through two electrodes 
separated by a dielectric and a discharge gap. Voltage is applied 
to the electrodes, causing an electron flow through across the 
discharge gap. These electrons provide the energy to disassociate 
the oxygen molecules, leading to the formation of  ozone.

Functions of ozone  

Disinfection :

   • Inactivation of  bacteria, viruses and fungus by ozone is 
simply oxidation. 

   • Ozone oxidizes the complex cell wall of  these microbial 
entities and changes the cell structure.  

Colour Removal:

   • Ozone oxidizes organic colours. 

   • The colour causing substances are broken down to simple 
organic compounds.  

Odour Removal:

   • If  the odour causing substances are organic in nature, then 
Ozone reacts with them and oxidizes the organics. 

   • The reaction is almost instantaneous. 

COD/BOD reduction:

   • Ozone oxidizes COD and BOD. 

   • Ozone is used to convert COD to BOD so that bacteria can 
digest this BOD. 

   • Ozone is used to polish the water by oxidizing the tough 
COD after biological treatment.  

Oxidation of Inorganic Compounds:

   • Ozone oxidizes these heavy metals such as iron & manganese 
from metallic oxides or hydroxides, which precipitate off  and 
can be removed from the water. 

   • Oxidation of  Cyanide. 

Why ozone? 

Limitations of Chlorine and UV: 

Chlorine: 

   • Chlorine is used to control microbiological load in raw water. 

   • Some strains of  bacteria are resistant to chlorine such as 
pseudomonas and cyst.

 
   • Chlorine produces disinfection bi products such as tri 

halomethanes, chloro amines and chloroforms which are 
harmful and continue to remain in water after passing 
through carbon and RO. 

   • Chlorine does not remove taste and odour from water but in 
facts add a foul taste. 

   • Does not remove heavy metals from water. 

   • Does not reduce chemical oxygen demand (caused by 
contamination of  waste water in ground water source). 

UV: 

   • UV doesn’t give residual protection. That means the water 
can get recontaminated once it leaves the UV tube. 

   • UV is ineffective on many living organisms such as amoeba. 

   • UV efficiency reduces with time.

Advantages of ozone 

   •  Ozone kills all the living organisms almost instantly. 

   •  Ozone provides a residual protection in the water. 

   •  It improves the taste and the clarity of  the water. 

   •  It doesn’t form any harmful by products. 

  •  It is generated at the site and hence doesn’t require any            
        operator or chemical storage. 

Case Study 

Following Case Study was conducted to check the feasibility 
of  project:  Dhayafule Spinning Mills Pvt. Ltd. in Tandulwadi 
Madha, Solapur, currently uses the same system to treat and reuse 
sewage. Here, we are giving cost comparison of  treating water 
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by septic-ozone system with cost incurred in treating water by 
conventional water treatment plants by government.

Cost Comparison: 

System was designed for STP flow of  10,000 lit/day Cost of  
Septic-Ozone System: 

For 10 years:

Unit Cost

Septic Tank

2 Sand Filte

1 Carbon Filter

3 Pumps (1hp)

Ozone Mixer

Ozone Generator

Total

3,00,000

1,30,000

1,50,000*2

9,00,000

70,000

50,000

50,000

Table2: Cost of entire system

Note: Only 300 days are taken into consideration, as it is expected that 
mill will be closed for 65 days in a year. We also haven’t calculated tax 
levied by government in building new sewage treatment plants, which 

can considerably increase the cost of treatment.

Description Rates (Rs.)

Current water charges per 1000 lit
for industries

Water Charges for 10,000 lit/day

Water Charges per year

Water Charges for 10 year

46.66

46.66*10=466.6

46.66*300=1,39,980

1,39,980*10=13,99,800

Table3: Cost of  treating and supplying water by

Quality of Effluent

Description Inlet Outlet

COD 350-450 <70

BOD 150-200 <20

TSS 50 <10

PHH 6-8 6-8

Considering 10% electricity charges and 5% maintenance charges, 
Grand Total = 10,35,000 

Note: Ozone generator rates are added twice as it has to be 
changed after every 5 years. 

Cost of  treating and supplying water by Government: 

For 10 years:
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Summary & Conclusion 

From the results presented following broad conclusions were 
deduced:   Effluent of  septic tank can be reused for potable 
purposes after treating it with ozone.  Ozone effectively removes 
colour, odour, bacteria, COD, BOD and organic matter.  Septic 
tank in conjuction with ozone is cost effective when sewage is 
to be treated for potable purposes.  Instead of  using land for 
drainfield, it can now be used for other important purposes 
which can save the cost of  land.  Load on treatment plants can be 
reduced as considerable amount of  sewage will be treated on-site.
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DuPont is a global innovation leader with technology-based materials, ingredients and 
solutions that help transform industries and everyday life. The employees apply diverse science 
and expertise to help customers advance their best ideas and deliver essential innovations in 
key markets including electronics, transportation, construction, water, health and wellness, 
food, and worker safety. DuPont Water Solutions, part of DuPont’s Safety & Construction 
business, is an industry leader committed to innovation, reliability and customer support. 
In India, DuPont has grown its footprint to include R&D and Application lab, and Shared 
Service center in Hyderabad, Corporate office and Innovation Center in Gurgaon, regional 
office in Mumbai and manufacturing sites at Savli, Sohna, Daman and Madurai. With a 
growing employee base spread across various locations, DuPont in India is well-positioned to 
partner with customers to deliver the innovations that matter. 

 Being an Indian from Water scarce environment to 
Current position? Your Perception.

 Indians are globally famous to be adaptive, resilient and 
thrive in chaos. We can leverage such strengths to handle the 
water challenges we are facing as a country and bring various 
stakeholders to work together and make India water positive by 
2030. 

 Please take us through your journey with DuPont and 
how do you see the Indian Water Infrastructure sector 
growing going ahead.

 I grew up in a small village in Odisha. After my mechanical 
engineering and MBA, I joined DuPont in India in 1998. 
Since then, I have lived in Taiwan, China and currently based 
in the USA leading DuPont Water Solutions since Jan 1, 
2018. 

 During the last 24 months of  my role, every time I see a 
world water map, India is shown red. I always feel the pain. 
India is a young country with 1.3 billion people, where water 
is life.  In my recent visit to India, I met Niti Aayog (National 
Institution for Transforming India) and saw articles in 
magazines, billboards and had conversations on current 
water needs. We all acknowledge the challenge and hope to 
see major changes in coming years. The water infrastructure 
sector is thus poised for significant growth. But we need to 
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Mr. H.P Nanda

DuPont Water Solutions 

Global Vice President & GM

Mr H.P Nanda started his career 
with DuPont in India in 1998, holding 
many diverse roles of increasing 
responsibilities in sales, marketing, 
supply chain, strategy, growth & 
innovation and general business 
management. He is a mechanical 
engineer and MBA from Xavier Institute 
of Management, India.  

Mr. H.P Nanda led the Global Strategy, 
Growth and Ventures for DuPont 
Protection Solutions. He leads the 
global Water Solutions business with 
1,800 employees, 8 manufacturing 
sites, 9 technology centers and 
commercial presence in most key 
countries around the world. Water 
Solutions business is the global leader 
with a portfolio of technologies to 
solve water challenges for industrial, 
residential and wastewater.   

“More Players Entering India is a Positive Sign for the 
Country in Terms of Market Attractiveness“

bring new products and new solutions. Of  course, we can’t 
be complacent. We fully recognize, it is challenging to be #1, 
but even more challenging to stay as #1.

 Can you give a brief  about your CSR Initiatives to our 
readers?

 Sustainability is core to what we do. We should practice this 
at home and help others as well. Let me share three examples 
(a) We changed the reverse osmosis market 30 years ago by 
introducing dry membranes which eliminated the need of  
water for wet testing, saving millions of  gallons of  water at 
our manufacturing site. (b) We help our customers achieve 
their sustainability goals with our technologies and solutions 
for Zero Liquid Discharge (ZLD). (c) Contributing to the 
society with our USAID collaboration for fluoride treatment 
of  water in Kenya to free water treatment systems with Coca-
cola in Vietnam and free water for schools for Chengdu in 
China are some of  the many initiatives we have been part of.

 Creating awareness among the stakeholders is a serious 
point in this business. Tell us how you do it.

 Yes, can’t agree more. Every year we conduct seminars 
globally including India, to train the young generation for 
various industries. We host webinars through an online 
platform Water Academy hosted on our website and we plan 
to have 30 such sessions globally on various topics in 2020. 

 We do use customer testimonials to educate our stakeholders 
and potential customers. One of  the examples is our 
efforts in a wastewater treatment plant in Tirupur, India to 
implement ZLD in the textile industry. This needs a multi-
prong approach including digital.

 Demand & supply is a great challenge in this business 
– How do you tackle this challenge?

 Being a global business, operating across six continents 
and living in this VUCA (volatility, uncertainty, complexity, 
ambiguity) world, this is a constant battle for all global 
companies including us. This unbalance impacts our lead 
time and customer service level. Strong demand in the last 
two years has significantly increased our lead time impacting 
our customer experience adversely. We are working hard to 
improve this in 2020 and beyond.

find the right models, technologies and solutions that will 
work in India for India. 

 Being the largest membrane seller how does this solve 
the Indian Water pollutions or hygienic problems?

 We are the global technology leader for water treatment 
& purification. Our mission is to take our global science 
and provide local solutions. We have the entire portfolio of  
technologies to customize the right solution and cater needs in 
different parts of  India. Think this way, if  water is reasonably 
clean, we should use ultrafiltration which is very cost effective 
to make clean water. It may cost less than 1 paisa per liter. If  
in another place, water is highly contaminated, and we need 
multiple solutions, we may consider reverse osmosis to make 
clean water cost effectively. We can truly customize for various 
sources and quality of  feed water to put the right solution that 
delivers the most value at least life cycle cost.

 Do you believe India should have its own standards 
for Quality for Water treatment products especially 
membranes?

  We have global standards. We should start with them to see; 
do they meet India’s needs. If  not, yes, we could make India-
specific standards. China and other countries have adapted 
their own standards.

 During the last decade India has witnessed a number 
of  new entrants in the membrane market. Please share 
your opinion about this.

 More players entering India is a positive sign for the 
country in terms of  market attractiveness and a good thing 
for customers as they are not dependent on one supplier 
completely. At the same time, we need standards to ensure 
we create a level playing field and continuously raise the bar. 
We recognize this trend globally thus, focus on innovation 
and value creation for our end users as the means to stay 
ahead in this game.

 What does it mean to be the largest player in the 
membrane market?

 We have big responsibilities to educate and shape the market 
and behave as a leader. We must continuously innovate to 
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 Tell us the secret of  the phenomenal growth of  DuPont 
in the recent past?

 Our strategy is to be the prolific innovator and market 
shaper in the water technology space to solve global water 
challenges in purification, conservation and re-use. Aligned 
to this intent, we must expand our global reach, serve our 
customers, innovate more and broaden our technology 
portfolio like we did with our recent acquisitions. We 
have very capable and passionate team to service locally. 
Of  course, our shareholders expect us to grow to get the 
continued investment we need in this high capital and high 
R&D business.

 Can used membrane be recycled or else how can it be 
managed and what plans do you have for it?

 Yes, very much. We have an active program to look at end-to-
end, raw materials to disposal after usage. We will be happy 
to share more in future.

 Interestingly, recent aggressive acquisitions have 
created a buzz in the market. How do you see this? 

 All the four acquisitions are absolutely aligned to our long-
term strategic intent. Addition of  Inge, Memcor, Desalitech 
and OxyMem has expanded our portfolio giving us more 
tools in our tool kit to solve our customer challenges better 
and more cost effectively. 

 Do you have any manufacturing plans for India in your 
road map? 

 India is a very strategic market for us. We are committed to 
India. We have set up an R&D center at Hyderabad and have 
a local team that works closely with customers. We have big 
aspirations for us in India. Yes, we do have some ideas for 
our Desalitech acquisition which can be a great solution in 
India because of  its high recovery, lower opex and easier-to-
operate functionality. As that picks up and gains critical mass, 
we will have an opportunity to look at local manufacturing. 
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Founded in 2009 as a small water filter brand by the brainchild of the Suri Family, Swift 
Green Filters currently manufactures 230+ water filtration products. Swift green filters has 
developed a State-of-Art water filter media which is one of its kind technologically advance 
filter that reduces E. coli Virus, Heavy Metal/Lead/Barium/Cadmium/Chromium/Copper/
Mercury/ Selenium, Prescription Drugs, Insecticide, Voc’s Chlorine, Chloramine, Asbestos, 
Cyst, Turbidity and PFOS. The team visited many countries and met water specialists and 
scientists to learn their water related issues and solutions. Based on the gathered information, 
they developed a filter which has unique properties and one of its kinds to reduce most 
unwanted contaminations.  Swift Green Filters is Green & Sustainable by practice and virtue. 
A pioneering company that exclusively uses the coconut shell and convert them into carbon. 
All materials are recycled after its use. 

1. How did you envision about the Eco-friendly Filter 
strategy? 

 Swift Green filters’ main components carbon blocks are 
made from Coconut carbon which is a renewable resource. 
The process in which we utilize does not use conventional 
incinerators. The product is the result of  utilizing coconut 
shells which is practically waste product. We pair this with 
the fact that Swift Green Filters are 100% recyclable. We 
recycle all waste from production and also take filters back 
for recycling without charging customers. Swift Green is the 
first company in the water filtration business that has taken 
on the initiative to remove the exhausted filters to prevent 
filling up the landfills. We also plan a mission to plant 1 tree 
for 10 filters sold. 

 Swift Green Filters started out in 2009, 10 years now, do 
you think you have achieved what you had aimed for? 

 We are the leader in point of  use filters, always stayed ahead 
of  the competition as well as technology. This is our third 
innovation. Our previous achievements were 

 1) The first to introduce very small size of  filter for VOC 
reduction, where OD was 24mm and ID was 8mm.

 2) In 2015, we were the first to introduce filters that take 
Pharmaceuticals chemical out. 
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Mr Ramesh Suri

Suri Industries Inc 

President
Mr. Ramesh Suri is an award winning 
industrial designer since 1976 and 
a pioneer in Appliance Industry. He 
started his career as supervisor in a 
manufacturing organization in India 
in his early 20s managing more 
than 100 people. He has a diploma 
from BCIT, Vancouver Canada in 
Industrial designing and started a 
manufacturing facility in India for after-
market appliances. He currently is the 
President of Suri Industries Inc. based 
in Canada. He Was awarded the Best 
Eco-Friendly Water Filtration Product 
Company at the Food & Drink 2019 
Awards in North America

Mr Ramesh Suri along with a research 
team designed an environmental safe 
Water Filters called Swift Green that 
enables to eliminate contaminations 
completely in an ecofriendly manner. 

Coconut Shell Carbon - an Innovative and 
Eco-Friendly Filter Technology to Meet Today’s  

Water and Environmental Conditions  

 3) Now, in 2019 Swift Filters is the first one again to reduce 
heavy metals, pharmaceuticals waste, arsenic, E. Colie and 
much more. 

 Our Aim is to replace RO system because RO systems are 
not eco-friendly and result in waste of  drinkable water. Swift 
filters do not require electricity nor service contract or special 
handling, it is quick connecting. As long as there will be new 
challenges to the quality of  water we will keep finding ways 
of  improving the process.

 How different is eco-friendly filter from conventional 
filters?

 Conventional filters will use older methods of  creating 
activated carbon. The process of  creating activated carbon 
come from many sources, but this is not so transparent 
from an ethical standpoint. The problem can be if  arable 
land is deforested or the facility is polluting. In our research 
before choosing to use coconut carbon we had options to 
use cheaper variations, but suppliers could not assure us that 
they were using modern techniques that eliminate emissions. 
In our estimation we have done our part in reducing 10 -20 
tonnes of  emissions a year. 

 How difficult was it to break through alongside 
conventional filters when you started off ?

 It has been very difficult and there were struggling points in 
the journey. We explored many types of  technologies and 
understood the principles, visited many countries to explore 
their technologies and got consultancy from world renowned 
scientists and then developed our own method. It took us 
five years of  struggle for the third innovation with much 
higher capacity.

 What is the maintenance for eco-friendly filter unlike 
conventional filters?

 
 None for customers, we do the recycling in-house. 

 Considering the US and Canada are all about latest 
scientific inventions and technologies, how was the 
acceptance? 

 We are ahead in our innovative technology and since it has 
been in news from every city around the world, public outcry 

for environmental concerns and clean water issues. We hit the 
correct spot on time. We are just ready to introduce this new 
innovative filter which meet today’s water and environmental 
condition. 

 You were recently awarded for the Best Eco-Friendly 
Water Filtration Product Company at the Food & Drink 
2019 Awards in North America please comment and 
what is the plan ahead? 

 Since it came as a surprise, it gives us a lot of  energy to push 
harder to bring new innovations in the years to come and 
also felt that there are people who care about environment. 
Our main goal is to provide clean drinkable water.

 What do you think is the need of  the hour?

 Clean drinkable water for life without damaging the 
environment and natural resources, both are really critical for 
life as well as the affordability from consumer point of  view.

 Do you plan to make an entry into the Indian Market? 

 Yes, we are planning to enter the India Market in 2020 because 
we believe that our filters will really make a difference. Top 
five water filter companies from India have contacted us to 
explore the market. Our prime business motive is to provide 
clean drinkable water to people at affordable prices. 

 Swift Green Filters are environmentally friendly  yet is the 
only manufacture that reduces E. coli virus, heavy metals, 
lead, barium, cadmium, chromium, copper, mercury, 
selenium, metals, lead, barium, cadmium, chromium, copper, 
mercury, selenium, prescription drugs, insecticide, Voc’s 
chlorine, chloramine, asbestos, cyst, turbidity and PFOS and 
more without leaching harmful chemicals. 

 We want to help humanity first. We will try to bring this 
product at very low affordable prices. 
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Thermax’s systems, products and services help industry achieve better resource productivity, 
and improve bottom lines while maintaining a clean environment. It’s portfolio includes 
products for heating, cooling, water and waste management and specialty chemicals. 
Thermax designs, builds and commissions large boilers for steam and power generation, 
turnkey power plants, industrial. Thermax provide solutions for municipal wastewater 
treatment plants, waste heat recovery systems and air pollution control projects. Through its 
water and waste management solutions, the company supports industries and civic bodies to 
reduce pollution, recycle resources and to generate revenue from waste. 

      To begin with, we would like to know about your journey 
in the water industry and your association with Thermax

 
 I have been associated with Thermax for the past 30 years 

now. I have worked in the Energy as well as the Environment 
Businesses of  Thermax. I started my journey in Thermax 
with the Energy business, graduating in handling boilers, 
heaters and absorption chillers, and later moved to the 
Environment Business, managing the water and wastewater 
solutions business for the past 4 years now. Most of  my years 
have been spent in the Energy business, and water being an 
integral part of  heating & cooling equipment, so, in a sense, 
my association with water business started during the early 
days in Thermax. I have handled both the front end as well as 
the back end operations of  the business during this journey, 
and it has been a wonderful and satisfying experience, which 
I enjoyed all through. 

 How has the water industry grown over the years?
 
 In the mid-1980s, there was little knowledge and nearly 

no enforcement of  effluent/ sewage standards. The 
transformation was prompted by many actors. The region’s 
farmers stood behind the initial push, along with the 
Pollution Control Board and the court system. However, 
the pressure to change behaviour at a large scale came from 

Name: 

Company:

Designation:

Mr Hemant Joshi

Thermax Limited 

Head - Water & Waste Solutions 
Business

“Sewage is a Resource that can be 
Recycled for Various Uses”

the High Court in incremental steps in 2011 for Zero Liquid 
Discharge or ZLDs. The industry has grown from adapting 
effluent treatment plants (ETPs), to ETP Recycle and now 
adapting zero liquid discharge with multi-effect evaporators 
(MEE) and mechanical vapor re- compression (MVR). With 
scarcity and stress for fresh water, the industry is now more 
aware of  the water recycling and saving initiatives.

 How is Thermax an edge over other water treatment 
companies?

 As you know, Thermax has a spectrum of  product which 
caters to the water requirement of  both, the industry as well 
as the commercial segments. We have more than 45 years 
of  industry expertise in providing innovative solutions 
and customer experience in meeting water and wastewater 
treatment needs through our solutions, products and 
services. With more than 500 large scale water treatment 
plants and more than 25,000 standardized products installed, 
Thermax caters to industry-wide solutions from smaller 
capacity products to large projects. From our smallest 200 
litres per hour plant capacity going up to 100 million liters 
per day size capacity catering to small, medium and large 
enterprises.  Thermax was the first to install a large scale 
desalination plant in India, and was also the first to install an 
effluent recycle plant in India. We also offer “plug-n-play” 
standardised skid mounted and containerised plants making 
it easier for the industry and community to adapt these 
technologies into their systems.

 We have supplied advanced treatment technologies such 
as Membrane Bio-Reactors (MBRs) and Sequencing Batch 

Reactors (SBRs) in both, Industry and Urban sectors. We 
have now developed modularized plug-and-play MBRs 
and SBRs specifically for the infrastructure and urban 
segments.  These newly developed products, which are 
compact, skid-mounted Sewage Treatment Plants, have a 
capability of  Nutrient Removal (Total Nitrogen and Total 
Phosphorous) as per updated CPCB and NGT norms, and 
can be installed in less than 3.5 meters, in a basement. The 
product comes with a PLC Panel eliminating any need of  
human intervention required while product operation. These 
are a few innovative breakthrough products Thermax has 
been working on. Thermax’s project management and site 
execution capability has been distinguished in the industry. 
We carry out the execution with utmost care and support 
also taking care of  the high levels of  safety at every level. We 
have also built an innovation led play in niche applications 
offering solutions oriented approach to our customers. 
Thermax also has an Integrated Service Play with more 
than 140 performance management sites running across 
India. Many customers have preferred to stay with us since 
years. We are also helping customers revamp & retrofit their 
facilities to achieve maximum efficiency in their existing 
water utilities.

 Although Water & Wastewater treatment is a booming 
industry, has the economic slowdown affected the 
industry? How do you think the market will perform or 
develop in 2020 in such a situation?

 I think the demand is geared to increase since many industries 
understand the stressed levels of  available water resources 
and the increased need for water utilisation. The awareness 
has increased and the governments are also pushing norms 
in the industry. The demand for decentralised, packaged 
recycle plants and zero liquid discharge plants are also 
increasing. The dyeing and bleaching industry in the South 
Indian knitwear hub Tirupur is known as the first to opt 
for zero liquid discharge (ZLD) in a systematic manner, 
eliminating the release of  pollutants. All other industries in 
every part of  India are now following. The components of  
ZLD, including reverse osmosis, enable extensive reuse and 
recovery of  water and salts, and the process minimizes the 
freshwater requirements. As the water is relatively costly, 
reuse makes sound commercial sense. In fact, we have been 
at the forefront in offering the best ZLD Solutions to our 

customers through our years of  expertise. We also have an 
experience in carrying out operational activities at more than 
50 ZLD sites with reputed companies in India. We have also 
been helping the industries with innovative solutions for 
Decentralised and Packaged Recycle Plants as well. In the 
next decade I see a major push in these segments, from the 
industries, in addition to the environmental proposals and 
changes pushed from the Government. Water, as I see, will 
be the forefront of  industrial sustainability.

 How effectively can sewage water be recycled and 
reused and will it be effective in future? Do you see it as 
an opportunity?

 Absolutely! Many Cities and Industries have begun to recycle 
and reuse the sewage water to meet their needs. Nagpur is 
leading the efforts with recycling more than 90% of  the 
sewage water it generates, and now Noida is all set to outdo 
Nagpur by recycling 100% of  the sewage water generated in 
the city. This water would irrigate the green-belts and parks, 
saving millions of  litres of  water per day of  fresh water. 
There are many examples across the industry where sewage 
is treated to recycle water for industrial use. The demand for 
sewage recycle is increasing by the day. Sewage is a resource 
that can also be recycled for various uses like gardening, 
toilet flushing and car wash. It is relatively easier to treat and 
recycle sewage.

 In fact, cities and countries like Brisbane, Singapore, Namibia 
and US states such as California are recycling wastewater for 
drinking. While the use of  sewage for potable purposes is 
still to pick up in a big way globally, its use for non-potable 
ends worldwide is far more common.

 In fact, Thermax has recently commissioned a 25 MLD 
sewage recycle plant for a leading non-ferrous major in 
Rajasthan, where the sewage from Udaipur City is recycled 
for process needs thereby, saving fresh water requirement 
and rejuvenating lakes and water bodies nearby. Similarly, a 
SEZ in south of  India recycles the sewage and pump back 
the treated water for industrial use. This is an important 
and a unique example of  industry-city partnership to 
saving water.

 I feel recycle and utilising sewage water for our utility water 
needs has great opportunities in the coming years. 
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Water use is growing at more than twice the rate of population increase in 
the last century and an increasing number of regions are chronically short 
of water. In this aspect to avoid the water demand at the global level water 

conservation strategies are being developed. Among the water conservation strategy, 
wastewater treatment is one of the major pathway about the decreasing the water 
demand in the agricultural sector and for domestic uses except drinking. In all the 
major cities, wastewater treatment plants have been constructed to treat the urban 
wastewater in view of decreasing the water scarcity. The presence of nutrients in the 
wastewater is considered as beneficial to agricultural practices. The contaminants 
present in the wastewater pose health risks directly to agricultural workers and indirectly 
to the consumers as the long term application of the wastewater may result in the 
accumulation of toxic elements in soil and in plants. 

Wastewater management plays a significant role in sustainable urban development. 
Traditionally, the goal of wastewater treatment was to protect downstream users from 
health risks. In more recent decades, protecting nature by preventing nutrient pollution 
in surface waters has become an extra goal. The most widely used wastewater 
treatment technology is the conventional activated sludge (CAS) process, in which 
aerobic microorganisms metabolise the organic fraction present in the wastewater 
under constant oxygen supply. Although the CAS process succeeds in meeting legal 
effluent quality standards, it is considered unsustainable due to its low resource 
recovery potential and cost effectiveness on the one hand, and its high energy demand 
and large environmental footprint on the other.

Aerobic wastewater treatment takes many forms, but fundamentally it’s a biological 
process widely used in the treatment of both domestic and industrial wastewater, 
particularly waste streams high in organic or biodegradable content. Aerobic treatment 
can be as simple as the septic tank. While there’s still a role for more traditional aerobic 
treatment options, exciting new technologies are expanding its horizons, making its use 
possible even outside of existing infrastructure. In the present issue an attempt has 
been made to study and review the aerobic treatment of wastewater. 

Enjoy Reading. 

Naina Shah
Editor
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