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Bengaluru, Bhopal among cities with the best water 
designs: Report

As per a report titled, Cities with the Best Water Designs, by 
the World University of  Design (WUD), Bengaluru, Bhopal 
along with Gujarat’s Dholavira and Madhya Pradesh’s Dhubela 
are among the cities and towns in India with some of  the most 
interesting urban projects that manage, protect and conserve 
water supply. Globally, the cities which have led in adopting 
design as a strategic element in innovation processes to solve the 
looming water crisis are South Africa’s Cape Town, Mozambique’s 
Beira, and Peru’s Lima. The report further pointed that it is time 
to seriously introspect on the importance of  efficiently designing 
and managing the water resources in urban city planning.

State-run power plant in Bhavnagar polluting 
groundwater

Gujarat State Electricity Corporation Ltd (GSECL), which is 
running a lignite-based power plant in Padva village of  Ghogha 
taluka of  Bhavnagar district has been alleged of  dumping 
untreated effluents into a nearby check dam. The samples from 
the Gujarat Pollution Control Board have shown that the total 
dissolved solids, chemical and biological oxygen demand in an 
open well in the village and a nearby check dam are beyond the 
permissible limits. The claims further point out that the effluents 
seep in and pollute the groundwater of  the rural areas in the 
vicinity which has harmed the agricultural crops and drinking 
water portability in the area. 

30 districts in Delhi-NCR had contaminated 
groundwater in 2019: Water Minister

As per the data presented by the Jal Shakti Minister Gajendra Singh 
Shekhawat in the Rajya Sabha, at least 30 districts in the National 
Capital Region, which includes parts of  Haryana, Rajasthan and 
Uttar Pradesh apart from Delhi, had some form of  pollutants in 
their groundwater according to 2019 figures. The data shows that 
nine districts in Delhi had groundwater contamination in 2019. 
In the capital, most districts had salinity issues, while arsenic was 
above the safe level in the groundwater of  East and Northeast 
Delhi. Lead was found along the Najafgarh drain in the North, 
West and South-West districts and Cadmium was found in South-
West districts. 

Raghav Chadha reviews DJB’s preparedness to 
ensure uninterrupted water supply in Delhi

Delhi Jal Board’s (DJB) vice-chairman Raghav Chadha on 
Wednesday reviewed the preparedness of  the Jal Board to 
maintain uninterrupted water supply and unhindered sewage 
services in the national capital as entire India remains in lockdown 
for 21 days.

A press release issued after the meeting read: “The stock position 
and availability of  chemicals and other items used in the treatment 
of  water was reviewed and directions were given to the officials 
to ensure the supply chain of  such essential chemicals and other 
items, which are required to maintain the supply of  clean drinking 
water remains uninterrupted.” 

Post the review meeting, senior DJB officials were directed to 
coordinate with local police, DMs and SDMs in the neighbouring 
satellite towns to arrange travel facility for employees who travel 
to work from outside Delhi. The engineering divisions were 
asked to make sure that there is adequate water supply and 
were instructed to send tankers to night shelters set-up by the 
government, where the food is being provided to the poor and 
destitute. 

IIT-Ropar to set up hub for technologies and 
applications in agriculture and water

With an aim to address water-agriculture related issues and to 
support this vision, IIT- Ropar is setting up Sectorial Application 
Hub to bring solutions for stubble management, water quality 
improvement, mapping of  hazardous substances in water/soil 
and their treatment, deployment of  IoT based Cyber-Physical 
System (CPS) technologies in farming fields. 

The objective of  the hub will be to carry out translational research 
and work with Line Departments to develop prototypes, products, 
and implementations and create a platform for technologies and 
applications in agriculture and water sectors. The institution is 
already developing a computer model of  groundwater system of  
Sutlej – Beas Doab. 

Coronavirus: Latur’s water supply gap reduced due 
to lockdown

Water will be supplied in Latur city in Maharashtra once every 
seven days from the current gap of  ten days due to rise in demand 
following the lockdown imposed due to the novel coronavirus 
outbreak, a senior official said on Friday.

Latur, 290 kilometres from here, is part of  parched Marathwada 
region and is the state’s 16th largest city with five lakh 
residents.“People are at home so demand has picked up. 
Therefore, we have brought down the water distribution gap 
from 10 days to seven days. The duration of  water supply will be 
curtailed by 25 per cent as well. This will help us to maintain water 
storage till July,” Vijay Cholkhane, Executive Engineer of  Latur 
Municipal Corporation said. “The water usage in commercial 
establishments has gone down due to the lockdown, and some 
of  this will be diverted to home,” he explained.

BJD seeks resolution of  Mahanadi river water 
dispute

The BJD has reiterated its demand for an early resolution of  the 
Mahanadi river water dispute between Odisha and Chhattisgarh.
Raising the issue, BJD Rajya Sabha member Sasmit Patra demanded 
that all illegal constructions by Chhattisgarh government on the 
upper end of  the river should be stopped and Odisha given the 
rightful share of  the Mahanadi water.

The BJD MP had raised the issue in a question in the Rajya 
Sabha. replying to the question, minister of  state for Jal Shakti, 
Social Justice and Empowerment Ratan Lal Kataria said Centre 
constituted the Mahanadi Water Disputes Tribunal on March 
12, 2018 for adjudication of  the dispute. The reference of  water 
dispute requested by Odisha Government was made by the 
Centre to the tribunal on April, 2018, he said and added that 
hearing before the tribunal is going on.

Unabated mining weakens base of  a bridge on the 
Sutlej river

In Anandpur Sahib, Punjab, a km-long Agampur bridge on the 
Sutlej river is on the verge of  collapse due to illegal mining taking 
place near the bridge for years. One of  the piers of  the bridge 
has shifted by a foot while another by a few inches away. The 
unabated illegal mining near the bridge lowered the riverbed, 
leading to increased flow of  river water which washed away sand 
around the piers. The issue was reported to the Public Works 
Department, when around six out of  32 piers was removed, but 
nothing has been done after that till date. 

Adequate water supply will be ensured for public in 
Tamil Nadu: Municipal Administration Minister

With people using more water for washing hands to prevent the 
coronavirus infection, the Tamil Nadu government has ordered 
its adequate supply, state Municipal Administration Minister S P 
Velumani said recently.

The required quantity of  water will be supplied through normal 
pipelines or from borewells, he told reporters here. As a key 
preventive measure against the spread of  the coronavirus, people 
have been advised to wash their hands frequently.

Velumani also said orders have been issued for procuring 100 
ventilators for the 540-bed ESI Hospital here, which has 
been converted into a special hospital to treat COVID-19 and 
suspected cases, and another 100 for a government hospital.

Delhi govt hikes water, sanitation budget by 70 pc; 
focus on unauthorised colonies

The Delhi government increased the 2020-21 budget for water 
supply and sanitation by around 70 per cent, allocating more 
funds for unauthorised colonies and wastewater treatment plants.
Presenting the budget in the Delhi Assembly, Deputy Chief  
Minister Manish Sisodia said four decentralised water treatment 
plants, with a combined capacity of  about four million gallons 
per day (MGD), will also be installed on the banks of  Yamuna.

At present, the Delhi Jal Board (DJB) supplies around 950 
MGD of  water against the city’’s demand of  1,150 MGD. The 
government has set aside Rs.3,724 crore for implementation of  
DJB’s plans and projects in 2020-21 and Rs.467 crore for the 
“lifeline water subsidy scheme” for providing 20,000 litres water 
free to six lakh beneficiaries every month, Sisodia said. Free 
20,000 litres of  water and power up to 200 units were among 
the major achievements of  the Aam Aadmi Party government 
which catapulted the AAP to power in Delhi for a third time on 
the trot in February. “A sum of  Rs.110 crore has been allocated 
for ‘’Mukhyamantri Muft Sewer Connection Yojna’’. The total 
allocation for water supply and sanitation in 2020-21 is about 70 
per cent higher than the revised estimates for 2019-20. The reason 
for this is that more funds have been allocated for unauthorised 
colonies and sewer treatment plants,” he said.

Jal Shakti Mission: Rajasthan seeks increase in 
Centre’s share

In a letter written to the Water Ministry, Rajasthan Chief  Minister 
Ashok Gehlot has appealed to the Centre to provide financial 
assistance given under the Jal Shakti Mission to the state in the ratio 
of  90:10 instead of  50:50. The minister reasoned the increase in 
funds to Rajasthan’s adverse climatic conditions, water scarcity and 
large desert area in the state. Moreover, most of  the villages and 
hamlets of  the state are scattered in desert areas, due to which the 
cost of  drinking water schemes is much higher than other states.

Karnataka allowed to implement Kalasa-Banduri 
project

In a major relief  to the Karnataka government, Centre has issued 
a gazette notification for the implementation of  the Mahadayi 
water dispute tribunal’s August 2018 verdict. The notification 
allows the Karnataka government to go ahead with the 
implementation of  the Kalasa-Banduri project, which aims to use 
13.4 tmcft allocated to it by the tribunal, for irrigation. The move 
is the outcome of  Supreme Court’s order to the Centre to issue 
a notification on the water sharing dispute between Karnataka, 
Goa and Maharashtra.
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India to seek funds for the Eastern Waterways 
Connectivity Transport Grid

The Shipping Ministry will be seeking a technical assistance grant 
of  $70 million from the World Bank to build the Eastern Waterways 
Connectivity Transport Grid (EWaCTG). The project aims to 
provide seamless connectivity between National Waterway-1 (NW-
1) and NW-2 through the Indo-Bangladesh Protocol (IBP) routes, 
and develop an economic corridor of  4,200 km of  waterways 
and coastal shipping for Uttar Pradesh, Bihar, Jharkhand, West 
Bengal and the North-Eastern States. The seeking of  grant has 
been appraised and recommended for approval by the screening 
committee of  the Department of  Economic Affairs. 

SYL canal issue: Centre informs that both Punjab 
and Haryana are not reaching a consensus

The Centre has informed Rajya Sabha that both Punjab and 
Haryana are not ready to find a middle path to resolve the Sutlej 
Yamuna Link canal issue and the decision has been conveyed 
to the Supreme Court. The latter had earlier ordered both the 
states to resolve the SYL issue as it has been pending for many 
decades now. SYL canal aims to link the waters of  Satluj River 
with Yamuna for transfer of  water to Haryana. However, Punjab 
is not willing to share any of  its water with the neighbouring state. 

Dredging along the Brahmaputra not a feasible 
option to mitigate floods: Panel

According to the eight-member committee formed by the Assam 
government, dredging operations along the entire length of  the 
Brahmaputra will not be a feasible option to mitigate its flood 
and erosion hazards. Moreover, massive dredging exercises would 
change the overall water quality status of  the river that may 
have harmful impact on aquatic ecology and affect the riparian 
population. 

The report further pointed out that the past experiences of  
dredging of  the Brahmaputra by the Inland Waterways Authority 
of  India (IWAI) and water resources department, Assam, 
had been futile. However, the committee finds no problem in 
removing silt in the Brahmaputra for clearing bottlenecks in 
selected locations.

HC slaps a fine of  Rs.100 crore each to Punjab and 
Haryana over damages to Sukhna Lake

The Punjab and Haryana High Court has fined both Punjab and 
Haryana Rs.100 crore each for causing damage to the catchment 
area of  Sukhna Lake and have ordered the state to pay the fine 
within three months. The court has also ordered the demolition 
of  all the structures in the catchment area of  the lake and 
directed that the owners whose building plans were approved by 
the authorities would be relocated and compensated with Rs.25 
lakh each. Along with this, the Court has declared Sukhna as a 
living entity and has directed the authorities to declare the lake as 
a wetland within a period of  three months. 

World Bank to provide USD 450 million loan for 
Atal Bhujal Yojana

The Centre and the World Bank have signed a USD 450 million 
loan agreement to support the Atal Bhujal Yojana that aims to 
arrest the country’s depleting groundwater levels and strengthen 
groundwater institutions. The programme will be implemented 
in Gujarat, Maharashtra, Haryana, Karnataka, Rajasthan, 
Madhya Pradesh and Uttar Pradesh and cover 78 districts. The 
selection is based on several criteria, including the degree of  
groundwater exploitation and degradation, established legal and 
regulatory instruments, institutional readiness, and experience in 
implementing initiatives related to groundwater management.

SC seeks plan for potable water supply in Shimla

According to the eight-member committee formed by the Assam 
Following the spread of  several diseases due to contaminated 
water supply in Shimla, the Supreme Court has directed the 
Himachal Pradesh government and the civic body to submit a 
concrete action plan on the improvement of  quality of  water 
supply in the town. The Court has also directed that the quality 
of  water supplied in the town should be checked every week and 
a report should be filed before it on whether water is potable or 
not and what is being done to ensure that pure water is supplied 
to the inhabitants of  the state

DDWS orders states to open up water testing 
laboratories to the public

The Department of  Drinking Water and Sanitation (DDWS) has 
directed the states to open up water testing laboratories to the 
public, in order to empower people to be able to ascertain the 
quality of  water being provided. The move is a part of  the Har 
Ghar Nal Se Jal scheme that envisages potable drinking water in 
all 17.87 crore rural households in the country by 2024.

The states will soon be launching the exercise of  setting up water 
quality testing laboratories at every district and block level. Along 
with this, the department is also training five people, mostly 
women, in every village to use the Field Test Kit for water quality 
surveillance. Five states voice their opposition against the 

interlinking of  rivers

The governments of  Telangana, Odisha, Madhya Pradesh, Kerala 
and Karnataka have written to the Jal Shakti Ministry opposing 
linking projects in their respective states. While Kerala has passed 
a resolution against taking up the Pamba-Achankovil-Vaippar River 
linking project, Odisha has expressed its inability to go ahead with the 
Mahanadi–Godavari link as it will lead to large-scale submergence 
in the state. Similarly, Telangana is against the Godavari-Krishna 
link project due to water balance issue and Karnataka and Madhya 
Pradesh have opposed the Netravati-Hemavati link and the Parbati-
Kalisindh-Chambal (PKC) link, respectively. 

Water diversion to Marathwada will lead to water 
scarcity in city: Nashik civic body

In a letter to the state water resources department (WRD), the 
Nashik Municipal Corporation (NMC) has cautioned the former 
that any diversion of  water from Mukane dam to the Marathwada 
region would lead to significant water scarcity in the city. The civic 
body has reminded the state government that water reservation from 
the dam to the city was made till 2041 and that the body had spent 
crores in creating infrastructure to draw water from it. The water 
reservation for NMC in Mukane dam is 28.32 million cubic metre 
(mcm) till 2021, 69.10 mcm till 2031 and 165.25 mcm till 2041.

Cauvery delta in Tamil Nadu to be categorised as a 
special protected agricultural zone

The Tamil Nadu Chief  Minister K Palaniswami has announced 
categorisation of  eight Cauvery delta districts in the state as a 
special protected agricultural zone and assured that permission will 
not be given for hydrocarbon projects. The eight districts include 
Thanjavur, Tiruvarur, Nagapattinam, Pudukottai, Cuddalore, 
Ariyalur, Karur and Tiruchirappalli. The CM further asserted 
that steps will be undertaken to enact a separate law to confer the 
protected status to the delta districts and only agro based industries 
will be encouraged on a need basis in the river fed regions.

Himachal signs MoU with World Bank to improve 
water management practices

Centre, Himachal Pradesh government and the World Bank have 
signed a loan agreement, worth $80 million to improve water 
management practices and increase agricultural productivity in 
selected gram panchayats of  the state. The Integrated Project for 
Source Sustainability and Climate Resilient Rain-Fed Agriculture 
in Himachal Pradesh will be implemented in 428 gram panchayats 
across 10 districts, benefiting over 400,000 small-holder farmers, 
including women and pastoral communities. The project aims to play 
a big role in doubling farmers’ incomes, a goal set by the government. 

CIL with Assam government to take up development 
works for Majuli island

Coal India Limited (CIL) has signed a MoU with the Assam 
government for the rehabilitation and livelihood development 
of  flood affected people of  Majuli island. The former will help 
develop high lands and flood-proofing channels, livelihood 
development through facilities for integrated farming of  cattle, 
pigs, poultry, fishery and development of  citrus and arecanut 
plantations on the island. Along with this, it will also provide two 
water ambulances for the residents of  the island, to cater to their 
emergency health needs.

Seven states show significant decreasing trend in 
rainfall in last 30 years: Report

As per the report Observed Rainfall Variability and Changes, 
seven states-- Uttar Pradesh, Bihar, West Bengal, Himachal 
Pradesh, Arunachal Pradesh, Meghalaya and Nagaland-- have 
shown significant decreasing trends in annual rainfall in the last 
30 years and many parts of  the country witnessed increase in 
number of  dry days during the monsoon season which adversely 
affected groundwater recharges in these regions. 

The changing rainfall pattern is attributed to climate change 
and global warming. In its recommendations, the committee 
with whom the report was shared suggested a need to explore 
‘monetisation of  data and information’ through a well-thought 
out policy.
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UK’s Xeros signs major denim deal with 
India’s Ramsons

UK-headquartered Xeros Technology Group has signed a deal with 
India’s Ramsons, one of  the largest garment finishing equipment 
suppliers in South Asia, to develop a range of  innovative, sustainable 
garment finishing equipment.  Xeros said the deal, signed last week, 
provides Ramsons Garment Finishing Equipments Ltd with an 
exclusive license for the manufacture and sale of  Xeros-enabled 
garment finishing and dyeing equipment in South Asia and other 
selected countries, with denim finishing as the first focus area. 

“The process of  making garments, and especially denim, is putting 
enormous pressure on our natural environment. It consumes 
vast amounts of  water and other raw materials whilst producing 
chemical and greenhouse gas emissions,” said Mark Nichols, CEO 
of  Xeros. 

“Working together with Ramsons to embed our products in 
their garment finishing equipment, we have an opportunity to 
significantly improve the sustainability of  the clothes we all wear. 
This agreement is our first in apparel production and it validates 
our efforts to prove that our innovative technologies can have a 
significant impact in the sector,” he said. Xeros develops unique 
polymer-based water-saving technologies which are used across the 
apparel and cleaning industries, which it says delivers significant 
savings in the use of  water, energy and chemistry.

Wastewater test could provide early warning 
of  Covid-19

The wastewater-based epidemiology (WBE) approach could 
provide an effective and rapid way to predict the potential spread 
of  novel coronavirus pneumonia (Covid-19) by picking up on 
biomarkers in faeces and urine from disease carriers that enter 
the sewer system. 

Rapid testing kits using paper-based devices could be used on-
site at wastewater treatment plants to trace sources and determine 
whether there are potential Covid-19 carriers in local areas.  Dr 
Zhugen Yang, lecturer in sensor technology at Cranfield Water 
Science Institute said, “In the case of  asymptomatic infections 
in the community or when people are not sure whether they are 
infected or not, real-time community sewage detection through 
paper analytical devices could determine whether there are 
Covid-19 carriers in an area to enable rapid screening, quarantine 
and prevention. 

“If  Covid-19 can be monitored in a community at an early 
stage through WBE, effective intervention can be taken as early 
as possible to restrict the movements of  that local population, 
working to minimise the pathogen spread and threat to public 
health.”  Recent studies have shown that live SARS-CoV-2 can 
be isolated from the faeces and urine of  infected people and the 
virus can typically survive for up to several days in an appropriate 
environment after exiting the human body. 

PUB Singapore awards $433M biosolids 
treatment contract to Sembcorp Design and 
Construction

Singapore’s national water agency PUB has awarded the 
contract to build the biosolids treatment facility for the Tuas 
Water Reclamation Plant (WRP) – a major component of  the 
Deep Tunnel Sewerage System (DTSS) Phase 2 project – as the 
construction of  the plant gathers steam this year. Sembcorp 
Design and Construction Pte Ltd, a wholly-owned subsidiary of  
local construction and property group Chip Eng Seng Corporation 
Ltd, will construct Tuas WRP’s biosolids building, digesters and 
greasy waste receiving facility. Works will start in April 2020 and 
are due to complete in 2025. The contract is valued at S$433 
million and was awarded following an open tender exercise in 
August 2019, during which a total of  11 bids were received.

Grundfos to close BioBooster business

SThe Grundfos BioBooster operations are to close following a 
series of  unsuccessful attempts to refocus the business. Grundfos 
says that the company has failed to make a profit since it started in 
1999 despite strong technology and significant investments.

“We remain dedicated to pioneering solutions for water-related 
challenges, which are reflected in water solutions being central 
to our 2025 strategy. However, following a strategic assessment, 
we have regrettably concluded that a continuation of  BioBooster 
activities would not be feasible. The decision is being made now to 
prevent further losses and give employees and customers clarity,” 
said Poul Due Jensen, Grundfos Group executive vice president, 
CSO. Service on existing BioBooster wastewater treatment plants 
will continue as part of  Grundfos DK Service.

Clarke Valve Closes $10 Million Venture 
Funding

Clarke Valve (“Clarke”) completed the sale of  $10 million of  Series 
C Preferred Stock to a group of  investors led by YBA Kanoo 
Group (“Kanoo”)in early April. Ali Abdulla Kanoo, President of  
the Kanoo Industrial & Energy division, said “We are delighted 
to announce this partnership with Clarke Valve, innovator of  the 
world’s finest control valve technology, and portfolio company 
of  Saudi Aramco Energy Ventures. The synergistic relationship 
between Saudi Aramco, Clarke Valve, and YBA Kanoo is perfectly 
poised to capitalize on the rapid growth of  the company, and 
strategic vision of  Clarke’s founder, Kyle Daniels.” 

Kyle Daniels, President and CEO of  Clarke Valve, said, “We’re 
extremely grateful to YBA Kanoo, Mr. Ali Abdulla Kanoo, and all 
of  our investors. We believe Saudi Aramco and other producers 
in the GCC will generate strong demand for control valves over 
the long term and Clarke is now uniquely positioned to satisfy 
that demand. With their high flow rate, precise control, reduced 
emissions, low cost and low operating torque, we believe our 
valves perfectly meet the needs of  Aramco after going public and 
increasing production capacity.

Amsterdam New York set to make water less 
corrosive to combat lead

The city mailed out its annual drinking water quality report to bill-
paying residents last week, and city water treatment plant chief  
operator Randy Gardinier said in a phone interview that the city is 
getting closer to implementing the steps recommended by a study 
into reducing the corrosivity of  the water supply. 

“We can’t control what everybody has in their home for plumbing 
or their service line, but what we can control is the corrosivity of  
the water,” Gardinier said. “If  we make the water less corrosive 
— not that it’s super-corrosive, but there’s different chemistry 
things you can do to make it less corrosive — that can ultimately 
help to reduce the lead levels city-wide.” 

In samples taken in both April and September 2018, the city 
triggered Environmental Protection Agency action level violations 
as more than 10 percent of  the 60 Tier 1 sites — sites which have 
either lead service lines or lead plumbing — exceeded a maximum 
contaminant level of  more than 15 parts per billion. 

Akvola Technologies introduces MicroGas 
XL series

The new MicroGas XL series from water technology company 
akvola Technologies is for high gas flow rates and can be used 
for building energy-efficient large-scale flotation plants and 
oxygenation and ozonation systems. Unlike conventional 
microbubble generation technologies, the MicroGas technology 
is not based on the gas dissolution principle, but on direct 
microbubble induction. This means that no pressure is necessary 
to dissolve gas into the liquid, resulting in energy efficient systems 
that require fewer components to function. This makes MicroGas 
powered plants simple to install, operate and maintain and gives 
them a very small footprint. The company says MicroGas is the 
most energy efficient microbubble generator available on the 
market for flotation and gas transfer (O3, O2, CO2) applications. 

Ozopure releases next generation ozone 
technology

Manufacturer of  ozone generators, Ozopure has spent four 
years developing new ozone technology for use with wastewater, 
potable water in the pharmaceutical and food industries, for 
disinfection and sterilisation and reverse osmosis.

Ozone has a strong oxidizing effect and reacts with almost all 
organic substances, creating a strong disinfectant and, in many 
cases, replacing other technologies like UV or chlorine. Ozone 
is a powerful and environmentally friendly solution. However, 
the ozone produced with some technologies has significant 
limitations, slowing the development of  ozone technology.  
Ozone cannot be stored, there is a high demand for maintenance, 
a large footprint and it requires many associated components 
such as air compressors and oxygen. The glass reactors used 
break easily which limits applications.

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.

Sofi Filtration and Encotech trial system

Finnish water filtration company, Sofi Filtration, and US 
company Encotech, an environmental products and systems 
integrator, have partnered to combine Encotech’s cross-flow 
filtration system integration with Sofi’s advanced microfilter. The 
system integration has sophisticated sensing and controls for 
determining the state of  material fouling on a filter membrane, 
with automated operations that limit membrane fouling and 
automatically initiate intelligent processes to restore operating 
flux. A pilot was recently completed at an energy facility in 
Denver Julesberg basin in Wyoming, in eastern Colorado. The 
facility takes trucks 24-hours a day from flow-back, drilling and 
produced water in the region and evaporates and injects it into a 
salt-water disposal well. During the three-day trail, a 0.5 micron 
was used as the water was expected to have very fine particles.
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DuPont donates RO elements to Ethiopian 
village

DuPont Water Solutions recently joined forces with USAID, 
CARE Ethiopia and Puretec Israel to provide clean, safe water 
to the community in the drought stricken village of  Serdo in 
Ethiopia. When a seal came off  a capped water borehole, the 
water from the newly bored well was so heavily contaminated 
with fluoride and salt that it had to be sealed. USAID, CARE 
Ethiopia, Puretec Israel and DuPont Water Solutions joined 
forces to build a solution that would sustain the community for 
decades. Sixteen reverse osmosis (RO) elements were donated 
by DuPont to provide clean water to around 2,000 citizens. 
Following its commission last year, the Serdo water scheme is 
now providing 5,000 litres per hour of  safe water, avoiding the 
need for lengthy walks to fetch it. The solution is sustainable 
through the technical training of  regional water managers and 
community-based operators and technicians.

Hydranautics releases membrane projection 
software

Hydranautics, a Nitto Group company, has launched its IMSDesign 
Cloud membrane projection software to simulate RO, UF and NF 
membrane projections in various combinations. The software 
is based on the company’s simulator and is its next generation 
integrated membrane projection software. Users can run projections 
anytime, anywhere and share or forward them to colleagues and 
seek expert advice from Hydranautics’ technical experts.

The simulator can operate from PCs or laptops or tablets 
running on Windows, macOS or Android operating systems. All 
projections are saved on the Cloud for easy retrieval. Some of  the 
features of  the IMSDesign Cloud are its user-friendly interface 
and backward compatibility allowing it to run projection files 
created in the previous software versions from 2008. Once saved, 
they remain in the Cloud forever. It also works across different 
platforms and updates automatically.

It also has an integrated simulator which runs with various 
combinations of  RO, NF & UF (HYDRAcapMAX) products, a 
feed pressure input which predicts performance and it can also 
predict performance with organic chemicals and BOD, COD, 
TOC for wastewater applications.

ABB accelerates remote connectivity for 
customer operations during COVID-19 crisis

Company expedites rollout of  and access to remote service tools 
and digital solutions across critical industry “During the COVID-19 
crisis, governments and companies have to make difficult choices, 
balancing people’s safety with economic livelihood. ABB is 
committed to supporting both: protect people, while helping 
businesses to stay operational during these challenging times,” said 
Peter Terwiesch, President Industrial Automation, ABB. “Remote 
services and digital solutions can make a major contribution to 
keep people safe, production running and critical supply chains 
and economic livelihood preserved.”

As businesses are being directed to limit site work, the need 
remains to ensure that assets continue to operate across utilities, 
energy, process, hybrid and maritime industries, safeguarding 
food processing, power generation, water management, tissue 
production, data centers and the transportation of  goods.
ABB is working with customers to ensure the access to field 
operators and service engineers who cannot be on-site at this 
time, by delivering control room livestreams, operational insights, 
process data and plant key performance indicators to users 
sheltering at home.

To ensure continuous operations, customers can access a suite 
of  ABB remote-enabled solutions, including remote condition 
monitoring of  critical assets; augmented reality maintenance 
support; online tools for training and spare parts stocking; and 
self-diagnoses that mitigate risk to assets, processes and security.
Many of  these services are delivered to customers through 
ABB Ability Collaborative Operations, a suite of  digitally 
enabled solutions and services, and its network of  Collaborative 
Operations centers located around the globe. With 24/7 access, 
ABB domain experts and data scientists use digital technologies to 
help customers monitor assets, processes and risks; jointly derive 
insights from data; suggest mitigating actions; and provide critical 
remote assistance to help customers to keep production running.

Endress+Hauser Launches Netilion IIoT 
Ecosystem

Netilion combines digital services and system components used 
to significantly simplify maintenance and improve life cycle and 
asset management. Endress+Hauser launches its IIoT solution 
platform, Netilion, an ecosystem combining digital services 
and system components to improve the lifecycle and asset 
management, maintenance, and support of  instruments and 
analyzers. Netilion enables users to keep track of  their installed 
base, documentation and data management, and instruments’ 
performance and health status. Netilion’s digital services available 
today are scanner, analytics, health, library and value.

Siltbuster launches online monitoring system

Siltbuster’s online real-time water quality monitoring and reporting 
system, Clarity, offers environmental advisors and managers in 
the construction industry a greater level of  reassurance when 
monitoring environmental performance remotely. The result of  
18 months of  development and field trials, Clarity offers data 
logging of  discharged water and real-time alarm notifications 
should the equipment detect non-compliant water passing the 
probes.  Data logging provides a crucial audit trail that can be used 
to prove site compliance to regulators, but the real time alarm 
notifications are vital for water management.  Clarity by Siltbuster 
alerts plant operators that the system needs attention to maintain 
compliance with any discharge criteria in place. Operatives can 
continue their work knowing that alerts will be issued should 
the discharge water exceed predefined limits, before the consent 
level has been breached, providing time to rectify any issues and 
prevent a possible notifiable pollution event.

Ground-breaking Scottish Water Horizons 
energy hub launched

First Minister of  Scotland Nicola Sturgeon has officially opened a 
£6 million energy hub that will deliver low-carbon heat to people 
in Stirling. The facility, at Forthside in Stirling, harnesses energy 
from wastewater through a mixture of  cutting-edge technologies, 
and is the first in the UK to deliver heat in this way.
The project is being delivered by Scottish Water Horizons 
in partnership with Stirling Council, with additional funding 
provided by the Scottish Government.

The Stirling District Heat Network will pump low-cost and 
low-carbon heat generated from wastewater from the adjacent 
treatment works serving the city. It is projected to save 381 tonnes 
of  carbon each year – the equivalent of  1.5 million miles driven 
in an average petrol car.

Lawsuit prompts review of  plastic pollution 
impacts on Hawaiian waters

Responding to a lawsuit from environmental groups, the Trump 
administration has ordered Hawaii to examine the impact of  
plastic pollution on its waters, beaches and wildlife.

The U.S. Environmental Protection Agency this week notified 
state officials that it is withdrawing its 2018 approval of  the 
“list of  impaired waters” required under the Clean Water Act 
“specifically with respect to the consideration of  plastics in Hawaii 
waterbodies for which Hawaii received data and information.” 
Hawaii now has until May 29 to evaluate whether plastic pollution 
is impairing any of  the state’s water bodies, including threats to 
wildlife and people.

The Center for Biological Diversity, Sustainable Coastlines Hawaii 
and Surfrider Foundation sued the EPA in February for failing to 
protect 17 coastal water bodies around Hawaii from wide scale 
plastic pollution that covers beaches, degrades coral reefs and 
threatens birds, fish, sea turtles and other wildlife.

“This is great news for Hawaii, which has been hit hard by plastic 
pollution,” said Maxx Phillips, the Center’s Hawaii director. “The 
ocean plastic pollution crisis is a public health crisis. Plastic 
permeates our waters, chokes wildlife and carries toxins onto our 
beaches, through our food web, and eventually onto our tables. 
It’s time for Hawaii to finally address this threat.”

Plastic pollution in Hawaii ranges from microplastics that 
contaminate coastal waters and harm marine life to massive piles 
of  plastic waste along Kamilo Beach, nicknamed “Plastic Beach.” 
Studies indicate that 17 water bodies around the Hawaiian islands 
are impaired by plastic pollution.

Solar-powered desalination system provides 
WaterKiosk in Africa with clean water

The Burani WaterKiosk is one of  Boreal Light’s solar-powered 
water treatment projects to enable access to clean drinking water. 
The Berlin, Germany based company is specialized in simple and 
affordable battery-free water treatment solutions powered by 
solar energy.
 
The kiosk was built in partnership with atmosfair gGmbH, 
also based in the German capital. Through the promotion, 
development, and financing of  renewable energies in more than 15 
countries around the world, this German non-profit organization 
actively contributes to reducing CO emissions. “Only about half  
of  Kenyans have access to clean drinking water. Those who 
cannot afford a tap water supply often have to walk more than 
10 kilometres to collect non-potable water from a borehole. The 
Burani WaterKiosk is a real relief  for residents,” reports Hamed 
Beheshti, CEO of  Boreal Light GmbH and member of  its Board 
of  Management.
 
Winture Planet Cube ABW desalination system from Boreal Light 
does not have a battery and requires neither a diesel generator nor 
the grid. It is powered directly by a 10 kW solar panel and supplies 
up to 20,000 litres of  drinking water every day to the village and 
its neighbouring community.

ProMinent donates water treatment system

ProMinent China recently donated two chlorine dioxide systems 
for water treatment to a temporary emergency hospital in 
Wuhan, built to combat the spread of  Covid-19. Following the 
outbreak of  Covid-19 in the Wuhan region, the second of  two 
provisional hospitals came into operation in early February 2020. 
The Leishenshan Hospital can accommodate 1,500 patients, with 
3,300 prefabricated units for the medical isolation area, a lounge 
area for hospital staff  and a logistics area. The construction 
phase only took two weeks and ProMinent immediately delivered 
two Bello Zon CDEb systems. Installation and commissioning 
on site was carried out by ProMinent China employees and was 
completed in just three days.
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 For more details on products contact info@watertoday.org

Amarex NG Wastewater Pump 
The KSB Group has introduced new submersible motor pump to its Amarex type series. This new 
addition is suitable for applications including wastewater, sludge treatment and the transport of storm 
water. The pump can handle wastewater containing long fibres, solid substances, fluids containing 
gas and sludge, service water and grey water. It is equipped with either free-flow impellers (F-max) 
or open two-vane impellers (D-max). Users can choose the appropriate impeller type to suit their 
requirements, such as low wastewater flow rates at high heads and high flow rates at lower heads. Pump 
variants featuring D-max impellers are available with a D-flector, which significantly increases resistance 
to clogging. KSB SE & Co. KGaA, Frankenthal

Code: A104

Hybrid Composite Flexible Pipe
Baker Hughes has developed new designs for flexible pipe, moving from purely metallic strength to a 
carbon fiber composite pressure armor layer, marking a major step-change in the industry. The hybrid 
composite flexible pipe reduces overall system complexity.  The choice of subsea pipeline technology 
is often based on local conditions, technical requirements, installation vessel availability, operator 
preferences, and cost efficiency.  The ability to apply flexible pipe in the most challenging envionments 
is a significant part of its appeal. 

Baker Hughes 
Ref Code: A105

Sea Water Filtration 
The 180 Fiberglass Reinforced Plastic (FRP) Series filters offer an ideal solution for corrosion 
resistance in brackish, brine and seawater filtration applications. Fiberglass Reinforced Plastic, 
or Glass Reinforced Plastic (GRP) is a composite material or fiber-reinforced polymer made of a 
plastic reinforced by fine fibers made of glass. All wetted components of the FRP Series self-cleaning 
filters are constructed from seawater- resistant plastic or other high alloy materials.
Forsta’s FRP Series self-cleaning water filters are available with an on-line, or in-line flange 
configuration to accommodate simple installation, and easily integrate with any pipeline in a 
seawater filtration process.  A two-stage screening distinguishes the FRP Series filters. A coarse 
screen is responsible for straining out large debris from the water source, and the fine screen purifies 
water to the designated micron rating. 

Forsta Filters Inc.
Ref Code: A106

Forsta Filters Inc.
Grundfos India has introduced Demand Driven Distribution (DDD) to reduce leakage in 
water utilities and distribution networks. DDD helps in water leakage upto 20% and thereby 
energy savings as well. The System uses a concept of proportional pressure for automatic 
Adoption; This function automatically optimise the proportional-pressure using pressure 
data from remote sensors and ensures a constant pressure at consumers or critical points. The 
pressure at the pumping station shall vary depending on the usage-pattern at the critical points. 
The system pressure shall be automatically adjusted when a change in water requirement is 
registered at the pumping station. 

Grundfos India
Ref Code: A107
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SCP-TP Process Controller

The ATS430 is a compact, yet extremely robust turbidity sensor 
capable of measuring turbidity and total suspended solids (TSS) 
concentrations up to 4000 NTU or 100,000 mg/l. With a choice 
of hermetically-sealed stainless steel or titanium versions, each 
featuring scratch-resistant sapphire optical windows, the ATS430 
provides a versatile solution for use in benign environments 
through to those featuring aggressive or corrosive media. Supplied 
fully factory-calibrated ready for use straight out of the box.

• no servicing for the lifetime of the sensor
• in-situ cleaning
• advanced predictive maintenance diagnostics
• EZLink automatic sensor recognition and set-up

The SCP-TP Controller is designed to complement a dual 
solenoid control valve and can switch easily between settings for 
level control, upstream and downstream pressure management, 
flow control and position control.  The SCP-TP also offers ON/
OFF control and can be configured with a 4 – 20mA control 
motor such as the Singer 420 DC pilot mounted control motor. 
The SCP-TP is equipped with easy to use digital input controls 
and user selectable digital output alarms. Added features such as 
data logging, which logs all sensor feedback and set-point data as 
well as trending graphs, can be used for system analysis for water 
loss prevention and overall system pressure management. 

ABB Measurement & Analytics
Ref. Code: BO 100

Singer Valve 
Ref. Code: BO 104

ATS430 Turbidity and TSS sensor system Puron® Mbr Hollow Fiber Ultrafiltration 
Membrane Bioreactor

PURON MBR is an ideal solution for industrial and municipal 
wastewater treatment looking to reduce energy, minimize 
downtime, and increase flux in a cost efficient manner. The 
PURON MBR single header design is the technology of choice 
for wastewater treatment plants. This patented module features 
reinforced PVDF (polyvinylidene fluoride) hollow fibers that are 
fixed only at the bottom, virtually eliminating the buildup of hair 
and fibrous materials that typically clog the upper ends of other 
modules. Solids and particulates, including bacteria, remain on 
the outside, while permeate is drawn through the membrane to 
the inside of the fibers.

Koch Membrane Systems, Inc
Ref. Code: BO 102

Universal Measured Irrigation Controller
The Universal Measured Irrigation Controller is the ideal smart 
controller for any irrigation application.

   • Use with a tap timer, a programmable irrigation controller, 
or use as a stand-alone irrigation controller 

   • Fully automatic
   • Smart irrigation controller – the irrigation is controlled by 

the prevailing weather conditions rather than a program 
   • Use for both gravity feed and pressurised irrigation 
   • Use for any size irrigation system regardless of the size of 

the solenoid valve 

Aquaspe AG
Ref. Code: BO 101
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Myanmar’ s leading international water supply, sanitation, water resources, industrial wastewater treatment and purification event,  
Myanmarwater is organized by Informa Markets, a division of Informa Plc. Informa Markets creates platforms for industries and 
specialist markets to trade, innovate and grow. 

For more information  https://www.myanwater.com/ 

MYANMAR WATER 2020

The IWA World Water Congress & Exhibition is the global event for water professionals covering the full water cycle. As the 
Congress rotates through cities and countries each event has an extra emphasis on issues of specific interest to the region. The 2020 
edition taking place in Copenhagen will have as key focus the digital economy, smart and liveable cities, entrepreneurship and 
diffusion of innovation, climate change adaptation , community and customer engagement, and sustainability. 

For more information https://worldwatercongress.org/ 

9TH IWA WORLD WATER CONGRESS & EXHIBITION 2020

WEFTEC®, the Water Environment Federation’s Annual Technical Exhibition and Conference, is the largest conference of its kind 
in North America and offers water quality professionals from around the world with the best water quality education and training 
available today. WEFTEC offers an unparalleled opportunity to learn and network with water quality leaders and draws buyers and 
representatives of the foremost water and wastewater companies from around the world.

For more information https://weftec.org/

WEFTEC 2020

INDO WATER 2020 Expo & Forum will be held on 26 - 28 August 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. In this 
exhibition you can attend several forums and seminars held by ministries and associations. These sessions specially designed to 
provide depth knowledge on some of innovative solutions on show. Attendance is free with limited seats based on ‘first come first 
served’. Be sure to make direct contact to the person-in charged for each session that you wish to attend. 

For more information https://indowater.com/to-visit/why-visit.html

INDO WATER 2020 EXPO & FORUM
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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)

Essential Utilities announced today that its largest water & wastewater subsidiary, Aqua Pennsylvania has hired 27-year water utility 
industry veteran Todd Duerr as vice president, production. Duerr’s career includes executive management, technical and business 
operations, business development and federal contracting.

“We are fortunate to have a water professional with Todd’s experience lead our production team at Aqua,” said Essential Chairman and 
CEO Chris Franklin. “Todd brings a variety of water and wastewater industry operations experience required to lead our company’s 
largest water production operation.”

Aqua Pennsylvania President Marc Lucca echoed Franklin’s sentiment. “Our production team treats and delivers an average of 115 
million gallons of drinking water throughout Pennsylvania each day, said Lucca. “This responsibility requires significant technical and 
management experience. Todd has the necessary experience to lead our talented production team.”

In his new role, Duerr will be responsible for Aqua’s 11 surface water treatment plants and more than 200 wells throughout the state, 
which collectively produce drinking water daily for approximately 1.4 million people in 32 counties.

Duerr comes to Aqua from Veolia North America where he most recently served as vice president of business development, since 2018. 

Essential Announces New Vice President, Production for Its Largest Water & Wastewater 
Subsidiary

The chairman of Anglian Water is retiring from the company’s board after five years in the role.

Stephen Billingham steered the board through the PR19 process and the recently requested CMA referral.
 
He said, “It has been great to be part of Anglian. I have been impressed by all of our team who deliver a first class service to our customers. 
The level of innovation and the desire to be the best is everywhere in our company. I am sure that, as I have seen numerous times before, 
the current challenges facing the company will bring out the very best in the Anglian team for our customers, the environment and wider 
society.” 

Peter Simpson, Anglian Water CEO, said, “I would like to thank Stephen on behalf of the company, board and our shareholders for his 
service to Anglian. He has led the Board through some challenging and important decisions, always with a concern for the good of all our 
stakeholders, employees and customers. We all wish him well for the future.” 

Current senior independent non-executive director, John Hirst will take over as chairman from April.  

Anglian chairman set to retire



Solid-Liquid Separation Technology for 
Removing Contaminant Fines

This article discusses thin-cake candle filter technology as an alternative to filter presses and bag and filter 
cartridges for removing solid contaminant fines from the water streams and provides three illustrative case 

studies
By Barry A. Perlmutter

Treating water for environmental and process benefits 
is becoming more important in the oil and gas, energy, 
bioenergy, biochemical and chemical industries. As these 

operations are looking to become more cost efficient, water usage 
is being investigated. One critical aspect of  these processes is the 
solid-liquid separation technology that is used to keep the water 
free of  solid contaminant fines.

This paper discusses thin-cake candle filter technology as an 
alternative to filter presses and bag and filter cartridges for 
removing solid contaminant fines from the water streams. These 
contaminants originate from various sources and are generally less 
than 1 micron (um) in size, which makes their removal very difficult. 
Candle filter technology and the process of  thin-cake building, is a 
new approach for high-efficiency and cost-effective fines removal.

The paper begins with the problem definition and a discussion 
of  the bench-top laboratory tests that are conducted for problem 
analysis, process development, technology selection and scale-
up. The tests include pressure, filter media, filter aids and similar 
process parameters. The candle filter technology is examined for 
its ability to filter and dry the contaminants to meet the standards 
of  non-hazardous and “no free liquid” for solids disposal. Cake 
washing is also discussed, as, in some cases, soluble or insoluble 
components or hazardous solvents must be removed from 
the solid cake prior to disposal. Three different case histories 
are presented for purge water treatment units using filter aids, 
concentration without filter aid, and grey water concentration. 
Finally, there is a discussion of  the impacts of  chemical usage in 
clarifiers on filtration efficiency and troubleshooting.

Figure 1: BHS Candle Filter Technology

Figure 2: BHS Candle Detail  Figure 3: BHS Candle Showing Cake 
Discharge

Introduction

Water usage has many applications at refineries, gas plants, 
chemical plants and bioenergy /biochemical facilities. Wet 
scrubbing at refineries, for example, reduce sulfur dioxide (SO2/ 
SO3) and are the primary and fine particle removal mechanisms 
from the flue gas. In gasification, water carries the coal fines 
and catalyst fines during the process. Clarifiers are used in many 
applications to settle/concentrate to sludge and remove the solids 

from the process. While the plant location and type of  removal 
process may vary, there is a need to remove the fine particulate 
matter from the water streams for either reuse or disposal. The 
particulate matter can be catalyst fines and other contaminants 
in the feedstock. It is difficult or impossible to remove particles 
of  this size in settling tanks, hydrocyclones or centrifuges, so 
the particles must be removed by pressure filtration. The use of  
thin-cake candle filter technology has been proven to be a cost-
effective and reliable approach for removing the contaminants, 
recovering the scrubbing liquids and drying the cake for non-
hazardous and “no free liquid” landfill disposal.

Problem Definition

Various catalyst, corrosion products and carbonized particles are 
carried into the gas and are captured by the water with flow rates 
as high as 200 m3/hr. The fine particles are less than 1 micron 
and can be up to 1% solids in the slurry. Bag and filter cartridges 
at these solids concentrations are uneconomical and could result 
in costs of  over $500,000 per year. Similarly, the use of  filter 
presses has high operating and maintenance costs. This paper 
discusses specifically the removal of  these fines and provides 
three illustrative case histories.

Technology of clarification & recovery of solids 
from slurries

Candle Filters are installed for clarification and recovery 
applications from liquids with low solids content. They provide 
clean fluids to 0.5 micron with either a dried cake (no free liquids) 
or concentrated slurry.

Candle Filtration Technology

A candle filter is a pressure vessel filled with tubular filters called 
filter candles (Figure 1). A typical filter candle comprises a dip 
pipe for the filtrate and pressurized gas, a perforated core with 
supporting tie rods, and a filter sock (Figure 2). The filtrate dip 
pipe runs the length of  the candle and ensures high liquid flow, 
as well as maximum distribution of  the gas during cake discharge. 
The tie rods create an annular space between the filter sock and 
the perforated core, which helps to maintain a low-pressure drop 
during operation and promotes efficient expansion of  the filter 
sock during cake discharge. The filter sock is installed over the 
candle, and can be made of  various synthetic materials, capable 
of  removing particles smaller than 1 ╬╝m. As the cake builds 
during operation, the candle filter’s removal efficiency increases, 
enabling removal of  particles as small as approximately 0.5 ╬╝m.

The candles are installed in a pressure vessel constructed of  
stainless steel or another alloy. Within the vessel are horizontal 
manifolds called candle registers. Each candle is connected to a 
register with a positive seal to prevent bypass. Depending on the 
filter size, each register may contain 1-20 candles and the total 
candles can be over 200 candles per vessel. The liquid filtrate 
and pressurized gas flow through the register; automated valves 
ensure optimum flow in both directions.

During operation, a feed pump forces the slurry into the bottom 
of  the pressure vessel. The solids build up on the outside of  the 
filter sock, while the liquid filtrate flows into the candle, through 
the registers, and out of  the vessel. This process continues until the 
maximum pressure drop, design cake thickness, minimum flow, or 
maximum filtration time is reached. The cake is washed to remove 
impurities and residual mother liquor, and then dried. Next, low-
pressure gas enters the individual candles and expands the filter 
socks. This process breaks apart the dry cake, which detaches 
from the filter sock (Figure 3) and falls into the vessel cone. The 
cake can also be discharged as concentrated slurry without drying. 
Candle filters are used for thin-cake (5-20 mm) pressure filtration 
applications. They are best suited for filter cakes that are vertically 
stable because of  the orientation of  the candles.

Determining Candle Filter System Design

Laboratory testing at a constant slurry flow is used to determine 
the size and design of  a clarification system for processes with 
extremely low concentrations of  solids. The test evaluates the 
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filter media, operating pressure, and cake thickness to determine 
the optimum clarification system design and size.

A lab-scale leaf  filter is used as the test filter. Various filter media 
can be installed, depending on the desired filtrate clarity, filtration 
flux rate (time), cake thickness and cake discharge rate, as well 
as compatibility with the process. A peristaltic pump supplies a 
constant flow of  slurry to the filter and a pressure gage measures 
the change in pressure (delta P) across the filter media. The washing 
analysis consists of  running a liquid at the same or different flow 
rate as the test flow rate through the peristaltic pump, or adding 
wash liquid to the leaf  filter directly and applying air or gas 
(nitrogen, argon, etc.) pressure until the target pressure drop or 
quality (conductivity, acid level, etc.) is reached. The cake is then 
dried with pressurized gas or air. The amount of  compressed gas 
is regulated to prevent the use of  excess gas, which could lead to 
overly optimistic moisture targets and uneconomical compressed 
gas volumes when scaled up.

Water Scrubbing and Clarifier Effluent Using 
Filter Aids: Alternative to Filter Cartridges

In this application, a wet scrubber is used to remove catalyst fines 
and sulfur dioxide from a fluid catalytic cracking unit flue gas. A 
purge stream is sent from the wet scrubbing system to a purge 
water treatment unit and then to disposal. The candle filter system 
removes catalyst particles fines from the clarifier effluent stream 
prior to discharge. The flow rate is 70 m3/hour with a solids 
concentration of  190 ppm. The particle size is below 0.5 micron 
down to 0.06 micron. The filtrate specification for discharge is 
less than 40 ppm. Initially, filter cartridges were planned but the 
cost of  change out alone, based upon the above parameters was 
estimated to be over several million dollars not including the 
cost of  cartridge inventory, disposal and manpower for cartridge 
change out, assumed to be every shift.

BHS conducted laboratory tests, as previously described including 
the use of  filter aids due to the size of  the particles being less than 
0.5 microns. The installation consists of  two BHS candle filters, 
each with 100 m2 of  filter area and a filter aid pre-coat package.

Water Scrubbing-Clarifier Effluent 
Concentrating Without Filter Aids: Alternative 
to Backwashable Metal Cartridges

In this application, the wet scrubber water purge is pumped to a 
clarifier for primary removal of  large catalyst solids. The clarifier 

overflow discharges to an oxidation tower and the effluent from 
the tower is pumped through the effluent filter and heat exchanger 
prior to discharge.

The flow rate is 46 m3/hour with a solids concentration of  200 
ppm. The particle size is below 1.0 micron. The filtrate specification 
for discharge is less than 15 ppm. Initially, back washable metal 
cartridges were planned but the low dirt holding capacity of  the 
metal cartridges and the frequent backwash, which is sent back 
to the clarifier, was estimated to be uneconomical. Therefore, the 
decision was to look at the BHS candle filter technology solution.
As this process required concentrated slurry rather than a dried 
cake, the BHS process solution was concentrating candle filters 
without filter aid. The installation consists of  two BHS candle 
filters, each with 25 m2 of  filter area. The benefits of  the candle 
filter solution included clear filtrates to less than 1 ppm as well 
as less backwash to the clarifier as the candles are “cleaned” with 
compressed gas and not liquid.

Grey Water Concentrating

In this application, grey water containing catalyst fines, coal fines, 
char and other non-reactive solids required clarification to 0.5 
microns. The filtered water is sent back to the gasifier process 
while the solids are sent to the wastewater plant. The grey water 
flow rate is 180 m3/hour with a solids concentration of  200 ppm.
BHS conducted lab testing to determine the filtration flux rate. 
It was also determined that due to the flow rate and low solids, it 
was a more cost-efficient approach to do the final solids drying in 
a filter press rather than on the candle filters. The concentrating 
candle filters produced a clear filtrate of  0.5 microns as well as 
reduced the feed to the wastewater plant to 10% solids at 300 
gallons every 2 hours compared with 800 gpm at 200 ppm.

Filtration System Troubleshooting

There are normally three main areas that must be examined when 
the filtration system appears not to be functioning properly. 
These areas include: (1) the filter itself  for mechanical reasons, 
(2) the equipment around the filter is not working and (3) the 
filter operational procedures are not correct. Let’s examine 
these groups but more importantly, it is necessary to separate 
the symptoms from the causes. As will be seen, excessive solids 
in the filtrate (the symptom) have many causes (damaged filter 
cloth, PSD changes from the reactor, post-precipitation due to 
temperature changes, etc.).

First, there could be a failure of  the equipment itself  such as 
internal components, seals, etc., all as is normally described in the 
O & M preventative maintenance section from the supplier. This 
should be the first item to be checked.

Secondly, the filtration system is part of  the entire process including 
the upstream and downstream equipment. For example, are the 
reactors performing correctly in terms of  agitation, temperature 
control, etc. in order to produce the specified crystals? Are the 
filter aid systems in tune for mixing, feeding, flow rates, solids 
loading, etc.? Are the valves and instruments operating correctly 
and reading the correct variables (calibrations), etc.? Next, what 
about the pumps that feed the slurry and washing liquids as well 
as the compressors that feed the gas streams for drying and cake 
discharge. Finally, are their interlocks in the control system or a 
control communication problem that are not being recognized 
that are causing the filter problem?

Finally, there may be process or operational procedures that are 
resulting in filtration problems. For example, the particle sizes 
may have changed, the amount of  solids in the slurry may have 
changed, the cake compressibility may have changed, etc. In 
terms of  the operation, has the filtration pressure changes timer 
changed, speed changed, etc.?

Troubleshooting the Water Scrubbing-Clarifier 
Effluent Concentrating System

In a clarification application previously discussed, the system was 
installed and started up and successfully ran for over one year. 
Inexplicitly, the performance changed drastically and the filter 
media began plugging very quickly during the cycles. The process 
engineers explained that there had been no change in the process 
and began to investigate the upstream conditions using the list 
below.

A. Clarifier overflow with no coagulant / no flocculants

B. Clarifier overflow with only coagulant / no flocculants

C. Clarifier overflow with both coagulant and flocculants

D. Clarifier overflow with only flocculants / no coagulant

After months of  work, the process engineers narrowed down 
the changes to the chemical supplier of  the flocculants and 

coagulants. BHS and the client began lab testing again using the 
initial slurry along with the chemical supplier and their flocculants 
and coagulants. 

The resulting testing showed that the chemical change caused 
the larger particles to settle out quickly and therefore only the 
smaller particles reached the filtration system, which was blinding 
the filter media. The client and the chemical company eliminated 
the flocculants and reduced the amount of  coagulant used (better 
for the client and not so good for the chemical supplier), which 
produced a smooth and consistent particle size distribution and 
better filtration rates. Once again, we see the systems and holistic 
approach to process filtration.

Summary

Sherlock Holmes and Dr. John Watson are fictional characters of  
Sir Arthur Conan Doyle. Process engineers who live in the real 
world can learn many things from the two of  them for solving 
process filtration problems. 

One example that Holmes proves time and again is that there 
is no benefit to “jumping to conclusions.” As discussed in the 
illustrations, there are many choices of  filtration technologies to 
achieve the necessary level of  quality with a cost-effective and 
a reliable process. Also, in terms of  troubleshooting, there are 
many causes of  filtration symptoms. With careful analysis and 
taking a creative and “non-conventional approach” by looking at 
what is behind the process data and the operating parameters, the 
optimum solution will be realized.
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Ultrafiltration to Produce Pathogen Free Water
in Shellfish Farms

This study demonstrates that, whatever the quality of the seawater, the ultrafiltration process delivers 
disinfected water with a quality adapted to shellfish culture

By C. Cordier, C. Stavrakakis, L. Charpin, M. Papin, K. Guyomard, P. Sauvade, F. Coelho, P. Moulin

Ultrafiltration process was tested to treat inlet water of  
shellfish hatcheries and nurseries farms. The aim of  the 
study was to protect animals from pathogens linked to 

mass mortalities in shellfish culture. A semi industrial process was 
confronted to two qualities of  water: natural pre-treated seawater 
and an effluent from an oyster breeding. The control of  total 
load bacteria and elimination of  vibrio was confirmed in both 
cases. Indeed, whatever the quality of  inlet water, a removal of  
bacteria was obtained. Moreover, the ultrafiltration sustainability 
confronted to these two water qualities was validated. Chemical 
cleanings carried out every 12 hours minimum on hardest 
conditions of  water qualities, led to a performance recover on 
the period of  the tests. Finally, ultrafiltered seawater and effluent 
were used for fecundation and oyster breedings application. 
The results obtained, in comparison to prefiltered (1 µm) - UV 
treated seawater, showed that the ultrafiltration could be applied 
to shellfish culture.

Introduction 

Shellfish cultue is imperilled by the degradation of  coastal water 
quality. Indeed, the profession must face pollutions from different 
origins, variable with season and weather, with different impacts 
depending on the shellfish species. Since 2008, mass mortality 
episodes strike oyster cultures at different steps of  their lives. Two 
pathogens were shown as partially responsible of  these deleterious 
phenomena for the profession: Vibrio aestuarianus bacteria and 
an herpes virus, OsHv-1 (Cochennec-Laureau and Baud, 2011; 
Renault, 2011). In-land shellfish structures, hatcheries and 
nurseries may be exposed to these contaminants and then need 
to control and treat inlet waters to protect animals. Nowadays, 

physical disinfection using UV treatment is commonly used and 
more generally in aquaculture, chemical oxidation with chlorine or 
ozone is also employed (Summerfelt, 2003). These processes were 
proved efficient against the targeted pathogens, but they present 
disadvantages such as a treatment efficiency linked to the water 
quality (UV treatment) or, in the case of  chemical oxidation, the 
generation of  disinfection by products which could potentially be 
harmful for the animals (Gullian et al., 2012; Powell and Scolding, 
2016). The consequence is the need of  a pre-treatment when 
the disinfection is carried out with UV, to ensure the satisfying 
eliminating of  contaminants or a post treatment to eliminate by-
products created with chemical oxidation (Lekang, 2013; Ozawa 
et al., 1991). Therefore, in shellfish culture, there is a need of  a 
disinfection process able to deliver pathogen free water with a 
quality adapted for the breedings. 

The aim of  the study is to evaluate the performances of  the 
ultrafiltration process to treat inlet waters in shellfish hatcheries 
or nurseries. This new process must (i) remove troublesome 
pathogens, (ii) deliver water with a quality adapted to the different 
stages of  development of  the Crassostrea gigas oyster and (iii) 
demonstrate its ability to face different water qualities and remain 
stable over time.

Material and Methods

The first part of  the study was realised with a semi industrial unit 
able to treat 20 m.3.d-1 as presented in Figure 1. Membranes were 
PES hollow fibres (Aquasource) with a Molecular Weight  Cut 
Off  (MWCO) of  0.02 µm and a filtration surface of  8 m². Frontal 
filtration was carried out. Backwashes, air backwashes (backwash 
with a pre-injection of  air in membranes) were performed at a 

chosen frequency and chemical cleaning was operated when the 
permeability decreased lower than 300 L.h-1.m-2.bar-1. This pilot 
was confronted to two qualities of  feed water during this study: 
natural seawater pre-treated with sand filtration (25 – 30 µm) and 
an effluent of  an adult oyster breeding. In the case of  natural 
seawater filtration, the aim was to validate the retention of  Vibrio 
bacteria and total bacteria load. Moreover, the ultrafiltered water 
was used to realise fecundation of  oysters. Fecundation rates were 
calculated and compared to the ones obtained with a control 
water treated with a filtration at 1 µm and UV. In the case of  
the treatment of  the effluent of  oyster breeding, the retention of  
Vibrio and bacteria was controlled with harder quality of  water to 
treat. The ultrafiltered effluent was used for oyster spat breedings: 
the growth of  shells in this water quality was compared to a 
control spat supplied with seawater filtered 1 µm and UV treated. 
Water quality parameters (physico chemicals and bacteriologic) 
and the evolution of  spats were followed for a period superior 
to one month. In both studies, bacterial measurements were 
realised by petri dish culture in marine agar for total bacteria load 
and TCBS for Vibrio. These Vibrio measurements concerned 
the whole family of  Vibrio and not only the targeted one, Vibrio 
aestuarianus. Hydraulic performances (transmembrane pressure 
and permeability) of  the filtration unit were continuously 
monitored, taking acount of  the temperature, to validate the 
stability of  the process.

The second part of  the study was focused on the retention of  
specific pathogens Vibrio aesturianus and herpes virus OsHv-1 

Figure 1: Pilot of filtration (1, feeding tank ; 2, feeding pump ; 3, prefilter 
130 µm ; 4, recirculation pump ; 5, membranes ; 6, backwash pump ; 
7, permeate tank ; 8, reagents for chemical cleanings ; 9, purge) (Moll 

et al., 2007)

Figure 2:  Evolution of permeability vs. time [filtration of seawater; J = 60 
L.h-1.m-2, tfiltration = 60 min]

with a lab scale pilot. The same membranes were used and the 
working surface of  0.14 m² was determined in order to work with 
the same volumetric concentration factor as the semi industrial 
unit but with a higher pathogen and virus concentrations. The 
retention of  pathogens was controlled by (i) dipping oyster in 
permeate water and (ii) injecting permeate in oyster. The mortality 
of  the animals was followed and compared with positive and 
negative controls.

Results and Discussion 

Filtration of Natural Seawater

The conditions of  filtration were based on previous studies and 
literature (Cordier et al., 2018, 2019; Guilbaud et al., 2013). A flux 
of  60 L.h-1.m-2 and a time of  60 min between two backwashes were 
then imposed. The evolution of  permeability in these conditions 
and the turbidity on the same period are presented in Figure 
2. The turbidity of  seawater feeding was not constant because 
dependant on the environment (weather, tides). Moreover, twice 
a day, spikes of  turbidity generated by the cleaning of  the sand 
filtered that could reach 20 NTU were monitored. Under these 
conditions of  filtration and quality of  water, a chemical cleaning 
of  the membranes was carried out about every 40 h and the 
hydraulic performances remained stable. 

The bacterial water quality of  the feed and the initial and final 
permeate was followed under these filtration conditions. The 
results obtained are presented in Figure 3 a. and b. Ultrafiltration 
led to a removal of  the total load of  bacteria and in the case 
of  Vibrio, the graph puts in light a total retention of  these 
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microorganisms potentially harmful for oysters and thus, 
whatever the concentration in feed water.

The pilot was able to control the bacterial water quality with 
the removal of  Vibrio from seawater and stable conditions of  
filtration. To be used in shellfish culture, it is also necessary to 
validate that the quality of  the water produced is adapted for the 
application. Therefore, ultrafiltered seawater was used to realise 
fecundations of  Crassostrea gigas and the results were compared 
to the one obtained using a seawater with classical treatments, 
1 µm filtration and UV treatment, as a control. Triplicates 
of  fecundations were performed and fecundation rates were 
calculated from the number of  oyster oocytes put in contact with 
spermatozoa and the number of  larvae obtained 24 h after the 
fecundation. Results are presented in Figure 4.

Figure 3 Evolution of bacterial quality of seawater feeding the pilot, initial and final permeate – a. Total bacterial load and b. Vibrio

Figure 4 Fecundation rates in ultrafiltered seawater and seawater filtered 
1 µm and UV treated

Fecundation rates obtained in both water qualities are similar, 
around 60 % reflecting that ultrafiltration produces water quality 
adapted for the fecundation of  larvae, a sensible step in the oyster 
larvae life. This part of  the study highlighted the efficiency of  
ultrafiltration process to protect oyster farms even in the case of  
sensible breedings. The removal of  Vibrio bacteria from seawater 
was demonstrated and the sustainability of  the process to treat 
seawater was validated.

Feeding with an effluent from oyster breeding

The pilot was supplied with a real effluent containing faeces, 
pseudo faeces and uneaten microalgae cells by the oysters. Two 
filtration conditions were tested: J = 60 L.h-1.m-2 and tfiltration 
= 30 min with an air-backwash every 5 backwashes and J = 
60 L.h-1.m-2 and tfiltration = 60 min with an air-backwash every 3 
backwashes. Evolutions of  permeability versus time (Figure 
5a. and b.) highlight the stability of  the process facing this 
effluent with a turbidity of  an average of  2.7 NTU with daily 
picks reaching 30 NTU due to the cleaning of  breeding tanks. A 
chemical cleaning was carried out every 12 hours in both cases 
leading to the conclusions that the process was sustainable in 
those conditions.

With the objective to proove that the process was able to protect 
the breedings from pathogens, bacterial water quality of  the 
treated water was followed in order to validate the retention 
of  total load bacteria and especially Vibrio bacteria. Figure 6.a. 
presents the concentrations measured in effluent before treatment, 
in ultrafiltered effluent and in control water used to feed the 
breedings. These graphs put in light the retention of  Vibrio by 
the ultrafiltration process. Indeed, except at the beginning of  

Figure 5 Evolution of permeability vs. time for the treatment of an oyster breeding effluent – a. [J = 60 L.h-1.m-2 and tfiltration = 30 min] and b. . [J = 60 L.h-

1.m-2 and tfiltration = 60 min]

Figure 6 Feeding an oyster spat with an effluent – a. Evolution of Vibrio concentrations on the period of the study in effluent, permeate and control sea-
water and b. Evolution of spats growth in ultrafiltered effluent and control

the test, no Vibrio was detected in waters feeding oyster spats. 
A protection of  the oysters towards these microoganisms was 
obtained even in the case of  a loaded effluent. To validate that 
the ultrafiltered effluent was adapted to breeding applications, it 
was used to supply an oyster spat for 2 months. The evolution 
of  height and weight of  oysters compared to the control ones, 
supplied with control seawater filtered 1 µm and UV treated is 
presented Figure 6.b. The growth evolution being similar for both 
spats, we concluded that besides protecting oysters from Vibrio, 
ultrafiltration produces a water with a quality adapted to breeding 
applications.

Conclusion

The study demonstrated that ultrafiltration process was a solution 
to treat inlet waters in shellfish farms. Indeed, this process was 

able to control the total load bacteria brought to animals and 
remove Vibrio bacteria, microorganisms potentially pathogens for 
the shells. This result was confirmed for two qualities of  water. 
Moreover, the stability of  the pilot was validated facing natural 
seawater and an effluent. Ultrafiltration remained sustainable for 
periods superior to three months in both cases. The chemical 
cleanings proceed by the filtration unit (every 12 hours) led to 
a recover of  the initial performances. The quality of  the water 
produced was tested for the targeted applications. Ultrafiltered 
seawater and effluent showed rearing efficiency similar to the one 
obtained with UV treated seawater, validating the efficiency of  
the process in fecundation or spat breedings applications. Finally, 
following the presented tests, the efficiency of  the process to 
remove specific pathogens, Vibrio aestuarianus and virus OsHv-1, 
which are pathogens for oysters, is still studied using the lab scale 
ultrafiltration pilot.
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To conclude, this study demonstrates that, whatever the quality 
of  the seawater, the ultrafiltration process delivers a disinfected 
water with a quality adapted to shellfish culture, and thus, even in 
the delicate case of  early life stages of  oysters and with no pre or 
post treatment needed. 

References

   • Cochennec-Laureau, N., and Baud, J.-P. (2011). Bilan 
des surmortalités des huîtres creuses Crassostrea gigas 
depuis 2008. Bulletin Épidémiologique, Santé Animale et 
Alimentation 1–4.

   • Cordier, C., Stavrakakis, C., Sauvade, P., Coelho, F., and 
Moulin, P. (2018). Air Backwash Efficiency on Organic 
Fouling of  UF Membranes Applied to Shellfish Hatchery 
Effluents. Membranes 8, 48.

   • Cordier, C., Stavrakakis, C., Dupuy, B., Papin, M., Sauvade, 
P., Coelho, F., and Moulin, P. (2019). Ultrafiltration for 
environment safety in shellfish production: Removal of  oyster 
gametes in hatchery effluents. Aquacultural Engineering 84, 
80–90.

   • Guilbaud, J., Massé, A., Wolff, F.-C., and Jaouen, P. (2013). 
Seawater pretreatment by dead-end micro and ultrafiltration 
in pressure-driven inside feed. Desalination and Water 
Treatment 51, 416–422.

   • Gullian, M., Espinosa-Faller, F.J., Nunez, A., and Lopez-
Barahona, N. (2012). Effect of  turbidity on the ultraviolet 
disinfection performance in recirculating aquaculture 
systems with low water exchange. Aquaculture Research 43, 
595–606.

   • Lekang, O.I. (2013). Aquaculture engineering. (Chichester, 
UK: John Wiley & Sons).

   • Moll, R., Veyret, D., Charbit, F., and Moulin, P. (2007). Dean 
vortices applied to membrane process - Part I. Experimental 
approach. Journal of  Membrane Science 288, 307–320.

   • Ozawa, T., Yotsumoto, H., Sasaki, T., and Nakayama, S. 
(1991). Ozonation of  Seawater - Applicability of  Ozone 
for Recycled Hatchery Cultivation. Ozone: Science & 
Engineering 13, 697–710.

   • Powell, A., and Scolding, J.W.S. (2016). Direct application of  
ozone in aquaculture systems. Reviews in Aquaculture 10, 
424–438.

   • Renault, D.T. (2011). A review of  mortality outbreaks in 
the Pacific oyster, Crassostrea gigas, reported since 2008 
in various European Union Member States and the related 
implementation of  Council Directive 2006/88/EC. 2.

   • Summerfelt, S.T. (2003). Ozonation and UV irradiation—
an introduction and examples of  current applications. 
Aquacultural Engineering 28, 21–36.

Water Today - The Magazine  l June  2020    31

30    Water Today - The Magazine  June  2020



Treatment Techniques to Treat Oily Wastewater

Due to the complexity of oily wastewater, using a single method is difficult to achieve national emission 
standards for industrial wastewater, oily wastewater deals with multi-level processing.

By Mei Han & Fang He

Petroleum refining unavoidably generates large volumes 
of  oily wastewater. The environmentally acceptable 
disposal of  oily wastewater is a current challenge to 

the petroleum industry. Nowadays, more attention has been 
focused on the treatment techniques of  oily wastewater. 
Therefore, oily wastewater treatment has become an urgent 
problem, and it must be explored and resolved by every oilfield 
and petroleum company. The development status of  treatment 
methods was summarized from six aspects, which contains 
flotation, coagulation, biological treatment, membrane separation 
technology, combined technology and advanced oxidation 
process. Finally, the development and prospect of  treating oily 
wastewater was predicted.

1. Introduction

With industrial development, there is increase in the amount of  
oil used, but various technical and management developments 
lag behind other reasons that are not perfect and make a lot of  
oil into the water, forming pollution. Treating oily wastewater 
sources is very broad, as the oil in the oil industry, oil refining, 
oil storage, transportation and petrochemical industries in the 
production process generate lot of  oily wastewater (Ahmed 
et al., 2007, Machín-Ramírez et al., 2008, Chen and He, 2003). 
Oily wastewater pollution is mainly manifested in the following 
aspects:

(1) affecting drinking water and groundwater resources, 
endangering aquatic resources; (2) endangering human health; 
(3) atmospheric pollution; (4) affecting crop production; (5) 
destructing the natural landscape, and even probably because of  
coalescence of  the oil burner safety issues that arise (Poulopoulos 
et al., 2005, Hou et al., 2003). Given oily wastewater pollution 

background China provides the maximum allowable emission 
of  oily wastewater concentration of  10 mg/L. Therefore, oily 
wastewater treatment is urgently needed in today’s field of  
environmental engineering problems.

Domestic and foreign research institutions have tirelessly studied 
in-depth and discussed oily wastewater treatment methods, and 
the goal is both the removal of  a large amount of  oil, taking into 
account the removal of  dissolved organic matter, suspended solids, 
soaps, pH, sulphide, ammonia, etc. (Bjarne, 2003, Hayat et al., 
2002). A detailed analysis and commentary for the main methods 
of  oily wastewater treatment will be discussed in this paper.

2. Conventional treatment methods of oily 
wastewater

2.1. Flotation

Flotation is pouring into the water in the form of  fine bubbles, 
the tiny air bubbles in the adhesion of  oil particles suspended 
in the water, because the floating density of  oil is less than that 
of  water, the formation of  a scum layer is separated from the 
water (Moosai and Dawe, 2003). Since flotation device processing 
capacity, produces less sludge and separation efficiency advantages, 
the oily wastewater treatment has great potential (Rubio et al., 
2002). Currently the most commonly used method is flotation 
dissolved air flotation, flotation and jet impeller flotation methods. 
Dissolved air flotation and flotation impeller stay there a long 
time, device manufacturing and repairing problems, along with 
high energy consumption are disadvantages. In contrast, the jet 
flotation method can not only save a lot of  energy, but also have 
small air bubbles, fixtures, easy installation, operation and safety 
features, which have good research and application prospects. 

To improve flotation, flotation agents should be added, flotation 
agents on the one hand with breaking and sparkling role, on the 
other hand there are bridging adsorption, and colloidal particles 
can gather together while bubbles float (Tang and Liu, 2006). In 
addition, the original on the basis of  the flotation device can be 
further improved to improve the oil removal efficiency, as will the 
flotation cell structure reduce by a square rounded corner to an 
overflow weir or eliminate dross and so on.

Wang (2007) applied a settling tank simulation and carried out 
sedimentation tank, combined with the flotation process in a small 
pilot study, when the influent concentration of  oil was 3000–14000 
mg/L, the effluent quality of  the oil average concentration was of  
300 mg/L or less, and the minimum has reached 97 mg/L, the 
flotation process improving the degreasing effect. Zhu and Zheng 
(2002) used peeling flotation to make refinery wastewater treatment, 
oil removal rate was 81.4%, and suspended solid removal rate was 
69.2%. Flotation oily wastewater treatment, is a mature technology, 
oil and water separation effect is good and stable, but the drawback is 
that scum is intractable. Li et al. (2007) applied dissolved air flotation 
and column flotation together to the tower separation system oily 
wastewater treatment, to obtain high oil–water separation efficiency. 
Hamia et al., 2007 investigated the dissolved air flotation unit to add 
activated carbon treatment performance. 

The results revealed that when the carbon content was of  50–150 
mg/L when, COD removal rate was from 16–64% to 72–92.5% 
rise, the BOD removal rate was from 27–70% to 76–94%, the 
processing of  BOD and COD values were later reduced to 
45%–95 mg/L and 110%–200 mg/L respectively. (Al-Shamrani 
et al., 2002) conducted a dissolved air flotation separation of  
oil and water experiments and found that by a pretreatment of  
aluminum sulphate for flocculation, when the water quality of  the 
oil concentration was of  100 mg/L, the oil base can be removed 
by flotation. Painmanakul et al. (2010) studied the treatment of  
oily wastewater containing anionic surfactant at Critical Micelle 
Concentration (CMC) by the Modified Induced Air Flotation 
(MIAF) process. The study has shown that the removal efficiency, 
considered in terms of  COD, was related to the alum dosage, pH 
value and gas flow rate. Moreover, the interfacial area (a) obtained 
experimentally from the bubble hydrodynamic parameters 
(bubble size, bubble rising velocity, bubble formation frequency) 
and the velocity gradient (G) has been proven to be the important 
parameter for controlling the flotation process efficiency and 
operation costs. The simple proposed correlation, based on the 

a/G ratio, provides a relatively a good coincidence between the 
experimental and predicted values of  treatment efficiencies in this 
study. Table 1 depicts oily wastewater treatment by flotation.

Flotation Oil removal is more than 
90%

Oil removal is more than 
90%

Peeling flotation Oil removal is 81.4% Oil removal is 81.4%

Dissolved air flotation COD removal rate is 
92.5%

COD removal rate is 
92.5%

Dissolved air flotation Oil removal is more than 
90%

Oil removal is more than 
90%

Flotation 
type

Treatment 
effect References

Table 1. Oily wastewater treatment by flotation.

2.2. Coagulation
Concrete technology because of  its adaptability, can remove 
emulsified oil and dissolved oil and some difficult biodegradable 
organic polymer is characterized by the complex and is widely used 
in recent years in oily wastewater treatment(Ahmad et al., 2006). 
However, due to the complexity of  oily wastewater composition, 
the object selected for particular treatment coagulants cannot make 
predictions in theory; there must be a lot of  experiments to screen.

(Lin and Wen, 2003) for the treatment of  oily wastewater oil 
industry has developed a composite coagulant CAX, when 
the original oil in water concentration was 207 mg/L, COD 
concentration was 600 mg/L, after coagulation treatment, oil and 
COD removal efficiency reached 98% and 80% respectively. Zeng 
et al. (2007) using aggregation zinc silicate (PISS) and anionic 
polyacrylamide (A-PAM) composite flocculant oily wastewater 
treatment, improved oil removal efficiency up to 99%, suspended 
solids concentration was less than 5 mg/L, and met back water 
requirements. However, this method has higher costs, could 
easily lead to secondary pollution of  water bodies, the subsequent 
processing difficulties and other issues, the development of  
new cost-effective composite flocculant is a trend. Cong et al. 
(2011) applied poly-aluminum zinc silicate chloride to treat oily 
wastewater. The best flocculation condition is determined as the 
optimal dosage is 35 mL, the most suitable range of  pH is 7–8, 
and the best mole ratio of  zinc, aluminum and silicon is 1:1:2. At 
this time the removal rate of  turbidity is 98.9%, the removal rate 
of  chromaticity is 91.3%, and the removal rate of  COD is 71.8%. 
The check experiment of  PASC is done, and the results indicate 
that the properties of  PAZSC are superior to those of  PASC. 
Table 2 depicts oily wastewater treatment by coagulation.
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CAX

Poly-aluminum zinc 
silicate chloride

Oil removal is more than 
90%

COD removal is 71.8%

Lin and Wen (2003)

COD removal is 71.8%

Aggregation zinc 
silicate and anionic 

polyacrylamide
Oil removal is 99% Zhu and Zheng (2002)

Coagulant type Treatment effect References

Table 2. Oily wastewater treatment by coagulation.

2.3. Biological treatment

Biological treatment is the use of  microbial metabolism, so that 
the water was dissolved, colloidal organic pollutants into harmless 
substances are stable (Kriipsalu et al., 2007, Sirianuntapiboon 
and Ungkaprasatcha, 2007). Currently handles more mature 
technology and is used frequently in activated sludge and 
biological filter methods. Activated sludge in the aeration tanks 
uses the current state vector as purifying microorganisms, by 
adsorption, and concentrated on the surface of  the activated 
sludge microorganisms to decompose organic matter. The 
biofilter biological filter method is inside, so that the micro-
organisms are attached to the filter, waste water from the 
top go down through the filter surface during adsorption of  
organic pollutants and decomposition by microorganisms will 
be destroyed. Biotechnology is the key to biological species and 
biological treatment processes, according to the particularity of  
oily wastewater developed in efficient biological species and the 
treatment process is a hot research field (Li et al., 2006). Fungi 
can effectively reduce the chemical oxygen demand of  water, 
polyvinyl alcohol with a bacterial cell can be used to secure 
the loop processing of  waste and obtain a high COD removal. 
Studies show (Li et al., 2005), that in the system the addition 
of  nitrogen (such as ammonium sulphate) can increase the 
COD removal. The biological methods combined with other 
methods will achieve better treatment effect. Scholz and Fuchs 
(2000) studied the membrane bioreactor, the bioreactor coupled 
with an ultrafiltration membrane unit, the oil removal rate 
reached 99.99%, COD and TOC removal rates were 97%, 98% 
respectively. Liu et al. (2013) treated heavy oil wastewater with 
large amounts of  dissolved recalcitrant organic compounds and 
low nutrient of  nitrogen and phosphorus by an upflow anaerobic 
sludge blanket (UASB) coupled with immobilized biological 
aerated filters (IBAFs). By operating the system for 252 days 
(including the start-up of  128 days), the chemical oxygen demand 

(COD), ammonia nitrogen (NH3–N) and suspended solid (SS) in 
the wastewater were removed by 74%, 94% and 98%, respectively. 
GC–MS analysis indicated that most of  alkanes were degraded by 
the UASB process, while the I-BAF played important roles both 
in degrading organic compounds and in removing the NH3–N 
and SS. The bacterial community structural analysis based on the 
PCR-DGGE technology reveals that the predominant bacteria in 
the UASB reactor belong to the Bacillales and Rhodobacterales, 
and that in the I-BAF was identified as uncultured soil bacterium. 
Our results suggest that the combined biotreatment system 
has immense potential in large-scale treatment of  heavy oil 
wastewater. Zhao et al. (2006) investigated the use of  B350 M 
and B350 group microorganisms immobilized on carriers in a 
pair of  Biological Aerated Filter (BAF) reactors to pre-treat oil 
field wastewater before desalination. The results indicated that 
operating the biodegradation system is kept for 142 days with a 
hydraulic retention time (HRT) of  4 h and a volumetric load 1.07 
kg COD (m3 d)−1 at last, the reactor immobilized with B350 M 
achieved mean degradation efficiencies of  78% for total organic 
carbon (TOC) and 94% for oil, whereas that with B350 only 
reached 64% for TOC and 86% for oil. The influent wastewater 
contains organic substances from C13H28 to C32H66, and a total 
of  16 polycyclic aromatic hydrocarbons (PAHs). The degradation 
efficiencies of  PAHs in the BAF immobilized with B350 M and 
B350 microorganisms are 90% and 84%, respectively.

Wu et al. (2009) examined the ability of  Yarrowia lipolytica W29 
immobilized by calcium alginate to degrade oil and chemical 
oxygen demand (COD). The results showed that immobilized 
cells had high thermostability compared to that of  free cells, 
and substrate concentration significantly affected the degrading 
ability of  immobilized cells. Storage stability and reusability tests 
revealed that the oil degradation ability of  immobilized cells 
was stable after storing at 4 °C for 30 d and reuse for 12 times, 
respectively, the COD degradation rate of  immobilized cells was 
also maintained at 82% at the sixth cycle. These results suggested 
that immobilized Y. lipolytica might be applicable to a wastewater 
treatment system for the removal of  oil and COD. Table 3 depicts 
oily wastewater treatment by biological treatment.

2.4. Membrane separation technology

Membrane separation technology is the use of  a special 
porous material manufactured for the interception role in the 
physical removal of  a certain way of  the trapped particle size 

Membrane bioreactor COD removal is 97% Scholz and Fuchs (2000)

Upflow anaerobic sludge blanket COD removal is 74% Liu et al. (2013)

Biological aerated filter reactor Oil removal is 94% Zhao et al. (2006)

Yarrowia lipolytica W29 immobilized by calcium alginate COD removal is 82% Wu et al. (2009)

Biological treatment type Treatment effect References

Table 3. Oily wastewater treatment by biological treatment.

Figure 1. Schematic diagram of the experimental equipment 
(Zhang et al., 2009).

of  contaminants (Lin et al., 2006). The difference in pressure 
driven membrane separation process is generally divided into 
microfiltration, ultrafiltration and reverse osmosis of  three kinds. 
The membrane separation technology is characterized by: waste 
oil according to the particle size membrane MWCO reasonable 
certainty, and the process in general has no phase change, a 
direct realization of  oil–water separator; without pharmaceutical 
dosing, so less pollution; reprocessing costs low, the separation 
process has less energy consumption; separation of  water has low 
oil content, but good effect. It still requires the use of  different 
materials and methods of  preparing the novel and economic 
performance of  film to improve existing treatment processes, 
thereby overcoming some of  the technology (such as thermal 
stability, resistant to corrosion, film is likely to be contaminated, 
the process having small volume) shortcomings. In addition, a 
single membrane separation technology is not a good solution 
to the problem of  oily wastewater treatment. It needs to be 
different or be a membrane separation technology combined 
with traditional methods of  membrane separation technology 
combined treatment of  wastewater, such as ultrafiltration and 
reverse osmosis joint, salt joint analysis method and reverse 
osmosis, ultrafiltration and microfiltration joint and other 
methods.

Yu et al. (2006) applied a tubular UF module equipped with 
polyvinylidene fluoride membranes modified by inorganic nano-
sized alumina particles to purify oily wastewater from an oil 
field and analyzed the membrane water permeations of  the UF 
process The results indicate that after UF treatment, oil content 
was below 1 mg/L, suspended solids content was below 1 mg/L, 
and solid particle median diameters were less than 2 μm. The 
quality of  the permeation water met the requirement by oilfield 
injection or drainage. Fouled membranes and washed membranes 
were analyzed by scanning electron microscopy, and fouled 

membranes were backwashed with different solutions. Results 
show that the addition of  nanosized alumina particles improved 
membrane antifouling performance, and the flux recovery ratio of  
modified membranes reached 100% washing with 1 wt.% of  OP-
10 surfactant solution (pH 10). Song et al. (2006) used extruded 
tubular carbon matrix obtained from carbonization microfiltration 
carbon, low cost, suitable for the treatment of  oily wastewater. 
The optimum conditions (pore size of  1.0 μm; operating through 
pressure of  0.10 MPa; flow rate of  0.1 m/s) under the treatment 
of  oily wastewater, were oil removal efficiency up to 97%, the 
oil content of  less than 10 mg/L, reaching national wastewater 
discharge standards. Zhang et al. (2009) applied polysulfone 
to treat oily wastewater. The results reveal that oil retention is 
99.16% and oil concentration in the permeation is 0.67 mg/L, 
which meet the requirement for discharge (<10 mg/L). It can be 
concluded that the composite membranes developed in the study 
are reasonably resistant to fouling and hence the developed PSF 
membranes are considered feasible in treating oily wastewater. 
Fig. 1 is schematic diagram of  the experimental equipment. 
Yang et al. (2011) developed an efficient dynamic membrane for 
application in oily wastewater treatment. The results showed that 
the deposition of  MnO2 particles onto the surface of  Kaolin 
dynamic layer forming a Kaolin/MnO2 bi-layer composite 
dynamic membrane is an effective coating technique. The 
optimum concentrations of  the Kaolin solution and KMnO4 
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solution should be 0.4 and 0.1 g/L, respectively. With the rise of  
oil concentration, the steady permeate flux decreased and the oil 
retention ratio increased. In the low oil concentration range from 
0.1 to 1.0 g/L, the variation characteristics were more obvious. 
In neutral or alkaline environments, the dynamic membrane was 
stable with a high permeate flux and oil retention ratio of  over 
99%. As the temperature rose from 283 to 313 K, the steady 
retention ratio decreased from 99.9% to 98.2% and the steady 
permeate fluxes increased from 120.1 to 153.2 L m−2 h−1.

Hua et al. (2007) studied Cross-flow microfiltration (MF) 
processes with oily wastewater using a ceramic membrane with 
50 nm pore size. The results showed that there were different 
degrees of  effect on the permeate flux by these parameters. 
The TOC removal efficiencies higher than 92.4% were achieved 
under all experimental conditions. A non-steady model of  the 
accumulation volume of  permeation was developed. It was found 
that the predicted values from the model were in good agreement 
with the experimental results. A sensitivity analysis (SA) of  the 
model was also conducted to identify the degree of  influence of  
the parameters on the accumulation volume of  permeation. The 
results showed that the accumulation volume of  permeation was 
significantly affected by the transmembrane pressure, indicating 
the model was reliable. 

Cui et al. (2008) prepared NaA zeolite microfiltration (MF) 
membranes on α-Al2O3 tube by in situ hydrothermal synthesis 
method and investigated water separation and recovery from 
oily water. Better than 99% oil rejection was obtained and water 
containing less than 1 mg/L oil was produced at 85 L m−2 
h−1 by NaA1 at a membrane pressure of  50 kPa. Consistent 
membrane performance was maintained by a regeneration 
regime consisting of  frequent backwash with hot water and 
alkali solution. Um et al. (2001) studied gas injection in crossflow 
ultrafiltration of  oily wastewater. By the nitrogen gas injection, 
homogeneous liquid phase oil/water emulsion was changed 
to heterogeneous gas–liquid phase. The injected gas causes 
a positive effect of  promoting turbulence, but it also has a 
negative effect of  decreasing the effective membrane area due 
to the partial occupation of  membrane pores by bubbles. The 
efficiency of  the gas injection was found out to be dependent 
on bubble fractions in the mixture: at sufficient bubble fractions 
the higher flux was observed. But at lower bubble fractions the 
flux rather decreased compared with that without gas injection. 
Abadi et al. (2011) employed a tubular ceramic MF (α-Al2O3) 

system for the treatment of  typical oily wastewater. This system 
could produce a permeate with the oil and grease content of  4 
mg/L that meets the National Discharge Standard and exhibited 
TOC removal efficiency to be higher than 95%. Also, effects 
of  operating parameters such as transmembrane (TMP), cross 
flow velocity (CFV) and temperature on permeate flux, TOC 
removal efficiency and fouling resistance (FR) were investigated. 
The recommended operating conditions are TMP of  0.125 MPa, 
CFV of  2.25 m/s and temperature of  32.5 °C. In this system, 
backwashing was used to remove oil droplets and particulates 
that block the membrane pores, and the results showed that 
backwashing could prevent permeate flux decline significantly.

Mittal et al. (2011) prepared a low-cost, hydrophilic ceramic 
– polymeric composite membrane from clay, kaolin and a 
small amount of  binding materials for the treatment of  oily 
wastewater. It was found that higher pressure and higher initial 
oil concentration resulted in higher flux decline. The first phase 
flux decline was very sharp and later a steady state decline was 
observed. Rejection was observed to be increased with time. The 
maximum rejection was found to be 93% at 41 min for an initial 
oil concentration of  200 mg/L at 138 kPa. Due to the use of  low-
cost raw materials for preparing the ceramic support, the final 
cost of  the composite membrane was much less than that of  the 
available commercial membranes.

Madaeni et al. (2012) utilized γ-Al2O3 based ceramic microfiltration 
membrane to remove coke particles from oily wastewaters before 
introducing to the coalescers. Perfect elimination of  coke particles 
from oily wastewaters was achieved. Influence of  temperature and 
some operating conditions such as filtration time and reusability 
was examined. Analysis results showed that the extent of  volatile 
organic compounds (VOC) was not noticeably changed after 
the process; however, suspended solids were effectively retained 
by the ceramic membrane. The results indicated that most of  
the light organic compounds (e.g. gasoline) passed through the 
membrane but the troubling coke particles did not. By increasing 
temperature, the flux was increased due to viscosity reduction 
as well as solvents diffusivity enhancement. Microfiltration was 
performed at a constant trans-membrane pressure of  1.5 MPa, 
cross-flow velocity of  2 m/s and varied temperatures (20–80 °C). 
Moreover, reusability of  the membranes was examined using 
HCl, NaOH and SDS as eluting agents. Normal flux recovery 
was obtained utilizing NaOH whereas HCl did not suggest an 
acceptable flux recovery.

Salahi et al. (2013) employed a sheet nano-porous membrane 
(PAN), nominal pore size 10 nm in order to treat the oily 
wastewater in a desalter plant. The results show that nano-porous 
membrane is efficient for the treatment of  petroleum refinery 
waste water, so that total suspended solids, total dissolved solids, 
oil and grease content and chemical and biochemical oxygen 
demands are increased to 100%, 44.4%, 99.9%, 80.3% and 
76.9%, respectively. The treated water by the proposed method 
meets the process and industrial water quality requirements for 
the discharge to the environment or reuse as agricultural water. 
Fig. 2 is a schematic diagram of  the laboratory scale cross flow 
filtration system.

Sarfaraz et al. (2012) employed the nano-porous membrane–
powdered activated carbon (NPM–PAC) to treat the oily 
wastewater. Results demonstrated NPM alone was ineffective in 
removing TSS, COD, and TOC. In the NPM process the removal 
of  COD and TOC are around 62.5% and 75.1%, respectively, 
and the steady permeation flux (SPF) is around 78.7 L/(m2 h). 
Optimum PAC dosage, which leads to a less deposit layer with 

Figure 2. Schematic diagram of the laboratory scale cross flow filtration 
system (Salahi et al., 2013).

Figure 3. Schematic diagram of the laboratory scale cross flow filtration 
system (Sarfaraz et al., 2012).

a high porosity on the membrane surface, could increase the 
permeation flux up to 133.8 L/(m2 h), the removal of  COD and 
TOC, 78.1% and 90.4%, respectively, and also decreased steady 
fouling resistance (SFR) around 46.1%. Thus, a NPM–PAC 
hybrid membrane system has the potential to be an effective 
method to improve NPM removal efficiency in high percentages 
as well as to improve membrane fouling and permeation flux 
in the desalter plant. Fig. 3 is the schematic diagram of  the 
laboratory scale cross flow filtration system. Tomaszewska et al. 
(2005) investigated the possibility of  bilge water treatment in the 
integrated ultrafiltration/reverse osmosis (UF/RO) system. The 

studies on the two stage treatment of  bilge water combining UF 
and RO have demonstrated a high effectiveness of  purification. 
The permeate from the first stage of  bilge water treatment had 
the oil content below 10 ppm and was free of  suspended solids 
whereas almost all turbidity was removed. The second stage of  
the treatment resulted in the removal of  TOC in more than 70% 
and in 90% of  all cations examined (Na+, K+, Mg2+, Ca2+, 

Zn2+, Mn2+, Al3+, Li+), P2O5 and the sulphate anion. The 
obtained RO permeate was free of  oil. The permeates obtained in 
the UF and RO processes comply with the regulations concerning 
the effluents discharged into the environment. New membrane 
and the continual emergence of  new technology make membrane 
separation technology in oily wastewater treatment to be more 
widely acceptable. Table 4 depicts oily wastewater treatment by 
membrane separation technology.

3. Combined technologies

Of  oily wastewater treatment ways, each method has its specific 
scope, the need for different situations studied, to determine the 
appropriate process. Due to the complexity of  oily wastewater, 
using a single method is difficult to achieve national emission 
standards for industrial wastewater, oily wastewater deals with 
multi-level processing. By using a multi-stage treatment process, 
wastewater can be integrated into components, the presence 
of  oil state, handling and other factors, the depth etc, so that 
wastewater treatment is able to achieve satisfactory results.

Wang et al. (2007) studied the electrochemical green processing 
technology, the process is: petrol stations runoff  → electrical 
resistance scale flocculator liquid multiphase pump flotation 
device → double filter canister line detection concentration of  oil 
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→ Electric → water disinfection station reinjection. Innovations 
of  this approach: the use of  electrical activity generated in situ 
electrochemical method flocculants; electrophoresis breaking; 
voltage electric field generated in situ electrochemical methods 
of  sterilization and oxygen, chlorine achieved sterilization; 
voltage electric field to change the physical properties of  water 
to achieve scale; electrochemical oxidation – reduction method 
to achieve inhibition function; in situ electrochemical method to 
produce hydrogen, oxygen, chlorine, etc. so that the oil float on 
separation. After treatment oily wastewater can meet the national 
emission standards. Wang et al., 2006a, Wang et al., 2006b used 
a flocculation-NaClO/carbon oxidation – adsorption method, 
the process is: The oily wastewater flocculation after adjusting 
the pH value added NaClO, NaClO in water, hypochlorous acid 
and hypochlorite ions. Hypochlorous acid has a strong oxidation 
resistance, in acid solution, sodium hypochlorite can greatly 
accelerate the hydrolysis reaction, until the reaction is complete. 
When the solution in the presence of  activated carbon, activated 
carbon containing iron, nickel and the like which are dissolved 
into ferrous ions, nickel ions, sodium hypochlorite catalyzed by 
these metal ions have a very strong activity of  oxygen atoms [O], 
hypochlorous acid, and atomic oxygen [O] can destroy organic 
oily wastewater. Activated carbon for petroleum and petroleum 
wastewater with hydroxy, amino, carbonyl groups such as the 
impact of  trace organic pollutants COD adsorption enrichment, 
iron, nickel and other catalytic oxidation, decomposition of  
organic matter can reduce the activation energy. NaClO/activated 
after oxidation of  waste oil by the adsorbent, further reducing 
effluent COD, to reach the standard efflux. Yang et al. (2006) 
developed a combined process, the process is as follows: the raw 
water → three ultrasonic Flocculator electrocell a flotation device 

UF Oil content is below 1 mg/L Yu et al. (2006)

Microfiltration Oil removal is 97% Song et al. (2006)

Dynamic membrane Oil removal is 99% Yang et al. (2011)

Microfiltration

Microfiltration

Nano-porous membrane

Nano-porous membrane-powdered activated carbon

TOC removal is 92.4%

Oil removal is 99%

COD removal is 76.9%

TOC removal is 71.5%

Hua et al. (2007)

Cui et al. (2008)

Salahi et al. (2013)

Sarfaraz et al. (2012)

Membrane separation technology type Treatment effect References

Table 4. Oily wastewater treatment by membrane separation technology.

→ continuous automatic backwash sand filter → ultrasonic 
generator ozone generator ultrasonic processor → water, part 
of  the application in the purification of  ultrasonic chemistry, 
electrochemistry and continuous automatic backwashing sand 
filter combination technology, and degradation of  organic 
compounds and COD chose electrochemistry, chemical 
combination of  ozone and sound technology. This process was 
applied in Shengli Oilfield oily wastewater treatment, and good 
results were achieved. Wang (2008) applied Ozone-Biological 
Aerated Zeolite processes to treat oily wastewater. Results 
demonstrated that the effluent quality was improved using the 
process of  ozonation and biologically aerated zeolite in a series at 
the best running condition. Condition of  entered water: COD: 35 
mg/L; ammonia nitrogen: 2.0 mg/L; oil: 3.0 mg/L. The content 
of  oil in the effluent was stabilized at 0.15 mg/L, and COD at 11 
mg/L around. And the removal of  ammonia nitrogen was close 
to 100%. COD and ammonia nitrogen of  effluent reached class 
I of  surface water environmental standard water, and the content 
of  oil to class IV. The process of  ozonation-biological aerated 
zeolite of  oily wastewater treatment is feasible in technic.

Bi (2012) applied CAF-BAF combination technique to treat 
oily wastewater. Results demonstrated that the removal rate of  
CAF to the suspended matter is as high as 90%. The removal 
efficiency of  COD achieves the best effect and the removal 
rate of  COD can reach 90% when COD and P ratio for 200. 
Engineering practice showed that in the refinery oily wastewater 
by CAF-BAF, the water of  the water quality indicators is stable 
up to the provincial standard “water pollutant emission limits” 
(DB44/26-2001). The combined process in the refinery oily 
wastewater treatment works will have wide application prospects. 

Zhong et al. (2003) studied the treatment of  oily wastewater 
produced from post-treatment unit of  refinery processes using 
flocculation and micro-filtration with zirconia membrane. The 
results show that the oil content and COD value were decreased 
dramatically by flocculation, and the optimum flocculent is 
3530S which is a derivative of  polyacrylamide. The influence of  
flocculation conditions on flocculation results is also investigated 
by orthogonal experiments, and the optimum conditions are a 
dosage of  70 mg/l, temperature of  40 °C, stirring time of  90 min 
and holding time of  90 min. After flocculation, the effluents were 
treated with micro-filtration using zirconia membrane. 

The results of  filtration tests show that the membrane fouling 
decreased and the permeate flux and permeate quality increased 
with flocculation as pre-treatment. The permeate obtained from 
flocculation and micro-filtration can meet the National Discharge 
Standard and the recommended operation conditions for pilot and 
industrial application are transmembrane pressure of  0.11 MPa, 
and cross-flow velocity of  2.56 m/s. Benito et al. (2002) designed 
a modular pilot size plant involving coagulation/flocculation, 
centrifugation, ultrafiltration and sorption processes. The pilot plant 
can be used for the treatment of  different water-based coolants 
and oily wastewaters, generated in metalworking processes and 
steel cold rolling operations. Different treatments are considered 
depending on the nature of  the oily waste emulsion. The main 
advantage of  the plant is its versatility, allowing the combination 
of  several of  the aforementioned treatments. It is a feasible waste 
management alternative with potential savings as a result of  a better 
control of  the elimination of  oily wastes and water reuse, with the 
result of  environmental and economic benefits.
In addition, there are some oily wastewater treatments that can be 
effectively combined in a method. Such as flotation softening → 
purification → Filter → Anti-osmosis water recovery combined 
process, electrolysis-Fenton method, electrical float – contact 
oxidation process and sedimentation, flotation oil and biochemical 
degradation the three treatment methods, proven, are to make 
the water meet emission standards. In practical applications also 
use of  a more joint approach, and the formation of  multi-stage 
treatment process, can give full play to the advantages of  various 
methods and to make up for their shortcomings. Researchers 
have been pursuing and developing to effectively deal with 
a large-scale application of  oily wastewater and economical 
treatment process . Centrifugation → membrane separation 
→ electrocoagulation three treatment processes in the practical 

application of  oily wastewater treatment will be more potential. 
First the centrifugal separation method can effectively remove 
suspended solids and can be slick, and then the electroflocculation 
and France biodegradable organics and some emulsified oil, and 
can reduce the COD value and the ammonia content, etc., with 
the final membrane separation method can further achieve water 
separation, the waste water meets the national emission standards. 
The process is not only a simple equipment and the economy, but 
also to avoid secondary pollution.

4. Advanced oxidation process

4.1. Electrochemical catalysis

Electrochemical oxidation catalytic system is generated by the 
electrochemical oxidation of  the hydroxyl radical with a highly 
organic matter between addition, substitution and electron 
transfer processes such as the degradation of  pollutants, 
mineralization, with no secondary pollution, easy to build airtight 
circulation, etc., in the water treatment industry acclaimed (Li et 
al., 2003, Koper, 2005). Santos et al. (2006) applied electrolysis 
to treat the oily wastewater. Electrolysis of  the oily wastewater 
leads to a time-dependent reduction in chemical oxygen demand 
(COD) in the sample that could be attributed to: (i) the direct 
oxidation of  oil components at the electrode, by the metal oxide 
itself  or by OH radicals available at the electrode surface, (ii) the 
indirect oxidation of  oil components by intermediate oxidizing 
agents formed in parallel reactions (ex. ClO−), and (iii) the 
aggregation of  suspended oil droplets by electroflotation. The 
largest reduction (57%) in COD was obtained following the 
electrolysis of  an oily sample for 70 h at 50 °C with a current 
density of  100 mA cm−2. The stability of  DSA electrodes for use 
in oily wastewater remediation has been assessed. Ma and Wang 
(2006) treated oily wastewater by an electrochemical process 
in laboratory pilot-scale plant, using double anodes with active 
metal (M) and graphite (C) and iron as cathode and a noble metal 
content catalyst with big surface. It can be concluded that the 
catalytic electrochemical treatment of  oily wastewater is effective. 
Both chemical oxygen demand (COD) and biochemical oxygen 
demand (BOD) were reduced by over 90% in 6 min, suspense 
solids (SS) by 99%, Ca2+ content by 22%, corrosion rate by 98% 
and bacteria (sulfate reducing bacteria (SRB), saprophytic bacteria 
(TGB) and iron bacteria) by 99% in 3 min under 15V/120A. 
These results indicate that this catalytic electrochemical method 
could be used for an effective oily wastewater treatment for 
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injection purposes. Fig. 4 is the flow diagram of  electrochemical 
pilot-scale plant.

Figure 4. Flow diagram of electrochemical pilot-scale plant (Ma and 
Wang, 2006).

4.2. Supercritical water oxidation

Supercritical water oxidation (SCWO) is a process that oxidizes 
organic solutes in an aqueous medium using oxygen or hydrogen 
peroxide as oxidants, at temperatures and pressures above the 
critical point of  water (374.3 °C and 22.12 MPa). The primary use 
of  SCWO is to destroy organic wastes. Conversion rates higher 
than 99% can be achieved with residence times shorter than 1 
min (Tester and Cline, 1999, Kritzer and Dinjus, 2001). And it 
is a clean, pollution-free, environmental friendly organic waste 
treatment technology. It has a unique effect on treating toxic and 
biodegradable organic waste. The final emission of  organic matter 
treated by SCWO is CO2, H2O, N2, etc., so it will not result in 
secondary pollution. The technology of  treating sewage by SCWO 
is a deep oxidation technology proposed by Medoll (1982), it can 
completely and thoroughly destroy the structure of  organic effluent, 
and the reaction completes in a very short time. At present, the 
United States have applied the technology to rocket fuel, nuclear 
waste, chemical residues, explosives, and volatile acids, industrial 
waste slurry, physiology garbage (Takahashi et al., 1991) and other 
environmentally harmless treatments. Germany, France, Sweden, 
Spain and Japan have gained important achievements on effective 
treatments such as industrial toxic waste, diesel, urban waste, the 
degradation of  polymers (Watanabe et al., 2001) and dioxins (Meng 
et al., 2000) in the burning fly ash, etc. Some researchers in China 
(Xiang et al., 2002, Xiang et al., 1999, Ding et al., 2000, Zhao and 
Zhao, 2001) have made experiments and researches on the alcohol, 
phenols, benzene, nitrogen and sulfur and other organic wastewater 
treatments by SCWO in recent years, achieving satisfactory results. 
However, supercritical water oxidation for the treatment of  oily 
wastewater is reported by few.

Wang et al. (2005) studied oily wastewater treated by supercritical 
water oxidation technique (SCWO) in intermittent equipment 
at 390–430 °C, 24–28 MPa, reaction residence time 30–90 s. 
Experimental results showed that SCWO is a high-efficiency 
organic waste treatment and disposal technique, and temperature 
and residence time are the main influencing factors in removing 
COD from oil-bearing sewage and the removal rate of  COD 
obviously increases as temperature and residence time extend. 
Wang et al., 2006a, Wang et al., 2006b treated oily wastewater by 
supercritical water oxidation (SCWO). The experimental results 
show that SCWO is a high-efficiency treatment and disposal 
technique for organic wastes. Temperature and residence time 
serve as the main influence factors in removing COD of  oily 
wastewater, with which the COD removal rate obviously increases.

5. Conclusions

With the continuous improvement in environmental requirements, 
the quality of  oily wastewater treatment effluent is required to 
improve the existing methods that have been unable to meet the 
current requirements of  people and for the environment, the use 
of  new, more efficient approach is imperative. Oily wastewater 
treatment technology for future trends should be focused on the 
following areas:

   • For the existing problems of  technology and processes, research 
and development of  a new combined process and maximizing 
the advantages of  various methods to avoid its limitations.

   • In-depth study of  oily wastewater degradation mechanism, 
to improve oily wastewater treatment efficiency and reduce 
processing costs provides a solid theoretical foundation.

   • To strengthen the “environmentally friendly” approach to 
research. Among them, the supercritical water oxidation 
technology to avoid secondary pollution, good effect, 
wastewater treatment rate, the device is relatively simple and 
easy automatic control, etc., should have a more prominent 
development potential.

Water Today - The Magazine  l June  2020    41

40    Water Today - The Magazine  June  2020



Emerging Techniques & Trends in Industrial Uses
of Filtration Systems 

Cutting edge water filtration systems are being developed using graphene to remove highly hazardous 
contaminants that are otherwise not efficiently removed by previous technologies.

By Dhananjay Sharma

Pure water and clean air are the basic necessities of  every part 
of  the world, but obtaining this is difficult at times. Filtration 
is so important that it is found almost everywhere. Use of  
nonwoven filtration media provides us an opportunity to solve 
purification challenges and help us to create a healthier, safer and 
cleaner environment. Nonwoven materials in the global filtration 
market continue to enjoy steady growth and are expected to reach 
747,000 million tons by the end of  2020, according to India’s 
Worldwide Outlook for the Nonwovens Industry report. With 
the expansion of  human settlement and more pollutants reaching 
the environment there is a higher need for clean air and water. 
This need is felt not only in developed countries, but also in 
developing countries worldwide. This is leading to new innovation 
and interesting solutions being developed for filtration.

Environmental concerns all around the world are leading us 
towards more stringent regulations for clean air and water. This 
is creating a major need for innovation and improvement in 
filtration technologies around the world. Air quality is an issue of  
social concern worldwide in the backdrop of  rising industrial and 
vehicular air pollution.  In Global Burden of  Disease 2010 (GBD), 
Outdoor Air pollution is among top 10 risks worldwide and 
among the top five risks in the developing countries of  Asia. The 
alarming high levels of  air pollutant emissions from automotive 
emissions has contributed to the development of  the filtration 
sector as more stringent regulations are being implemented 
globally to reduce the discharge of  carbon dioxide (CO2), sulphur 
oxide (SOx), nitrogen oxides (NOx) and particulate matter into 
the environment. With new government regulations and public 
pressure many companies are responding with their efforts to 
either remove CO2 from the air or reduce their CO2 output to 

achieve carbon neutrality. There is an ever greater need to develop 
new and improved filters for vehicles. These filters help in 
removing contaminants from engine, hydraulic, transmission and 
lubricating fluids. Better filtration systems can also improve the 
air-fuel mixture, helping the engine to function more efficiently, 
minimizing ignition problems, lowering fuel consumption, and 
reducing emissions. Air Intake filters absorb dust, debris, and 
other solid particulates that pose a threat to auto cylinders and 
pistons, also better air filters for cabin can highly improve the air 
quality inside vehicles.Nonwoven filters plays a very important 
role for filtration in automobiles including motorcycle engines 
that create enormous pollution, but their cost is still a factor. 

Global power generation and regulations by governments of  
various countries are fuelling growth in filtration for industrial and 
manufacturing applications. As manufacturers look to streamline 
their processes, higher levels of  filtration is increasingly seen as 
a way to boost efficiency and reduce carbon footprints. Coal-
burning electric power plants are major sources of  the greenhouse 
gas, and control measures are required to keep them under check. 
To remove carbon dioxide from smokestack gases a Carbon Filter 
Process is designed to meet this need. It uses a simple, low-cost 
filter filled with porous carbonaceous sorbent that works at low 
pressures. Modelling data and laboratory tests suggest that the 
device removes 90 percent of  carbon dioxide from smokestack 
gases.

The use of  electrostatic charge can provide a higher efficiency 
on filtration products. Electrostatic charge is being embraced in 
Asia and other parts of  the world because of  the performance 
it provides. Electrostatic air filters work similarly to a magnet. 

Formulated fibres generate strong static charges when air passes 
through them they attract airborne particles and hold them until 
the filter is cleaned.

The indoor air filtration systems are one of  the fastest growing 
sectors in air filtrations especially in Asia. There is an increasing 
desire to improve health by reducing the dangers from dust, 
mould, bacteria, pollen and allergens resulting in development and 
creation of  high-performance filters that can capture submicron 
particles and improve the quality of  air in homes, offices, buildings 
and public spaces. This result may be achieved by the use of  
membrane filter systems. Membrane filters are microporous 
plastic films with specific pore size ratings. Also known as screen, 
sieve or microporous filters, these membranes retain particles or 
microorganisms larger than their pore size primarily by surface 
capture. Some particles that are smaller than the stated pore size 
may be retained by other mechanisms.

Filtration systems play a critical role in public health and safety in 
hospital and operating room environments, medical applications 
such as dialysis and in the pharmaceutical industry. In blood 
filtration, Berry’s Meltex polyester meltblown media is capable 
of  removing white blood cells to decrease leukocytes that cause 
infection. The media performs based on size exclusion to remove 
white blood cells so the red blood cells can be used in transfusions. 

Figure 1. Laboratory Filtration Maket: Revenue Shere (%),
By Techology, Global, 2018

Today’s biopharmaceutical process has six to eight stages of  high-
level filtration to remove viruses and certain proteins, requiring 
very absorbent and selective filtration. The industry is looking 
at creating single-use nonwovens membranes that can capture a 
significant amount of  proteins through surface modification of  
the filter, which would reduce costs and liabilities.

The global demand for laboratory filtration is growing significantly 
over the decades and is one of  the most important techniques used 
in laboratories for deriving precise results. Many new filtrations have 
been introduced as a result of  research and fundamental pathogenesis 
of  diseases. Microfiltration is expected to hold the largest share of  
this global laboratory filtration market. Microfiltration is widely used 
for cold sterilization of  API and enzymes and also for the separation 
of  solid-liquid phases in the various industries. Chemical resistance 
and high thermal stability are the main factors for increased adoption 
of  microfiltration in this market.

Nanotechnology is the biggest emerging technology that will 
continue to impact the filtration industry that will drive future 
industry growth. Nanofibers can be used to drive down scale 
and to enhance filtration selectivity. The study and use of  
nanofibers in filters is on a rise, this will bring many commercial 
products in market in the near future. Solid-Phase Extraction 
(SPE) is an extractive technique by which compounds that are 
dissolved or suspended in a liquid mixture are separated from 
other compounds in the mixture according to their physical 
and chemical properties. Solid phase extraction can be used 
to isolate analytes of  interest from a wide variety of  matrices, 
including urine, blood, water, beverages, soil, and animal 
tissue. New trapping medias are being developed and tested 
like nanostructured materials, including carbon nanomaterials, 
electrospun nanofibers, magnetic nanoparticles and many others. 
These new materials and technologies are propelling us to a 
brighter future for the improvements of  SPE for the extraction 
of  different kind of  materials; such as biological, environmental, 
pharmaceutical and food samples.

Two-thirds of  the world’s population may be facing water 
shortages. The inadequate water filtration system is a problem 
for 2.4 billion people. This can lead to deadly diarrheal diseases, 
including cholera and typhoid fever, and other water-borne 
illnesses. For cleaning water, reverse osmosis is the key filtration 
process used for desalination, industrial process waters, municipal 
and industrial wastewater reuse.
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However Graphene-based water filters have proven to be one of  
the effective ways for:

1. Separation of  Oil from water

2. Domestic water filtration

3. Wastewater treatment 

4. Desalination

   1. During the exploration and production of  crude oil and gas, 
there is a lot of  water that is brought to the surface. The 
water contains chemicals and additives used during drilling 
and production. The water can constitute up to 10 times the 
volume of  oil. Graphene based filters have proven to show a 
quick, easy and cost-effective method of  separation. 

    Water can be treated, decontaminated and discharged as 
harmless surface water. Here both properties of  graphene 
are used hydrophilicity and hydrophobicity. The added 
benefit of  graphene is that fewer chemicals and synthetics 
are needed for cleaning purpose.  So it makes easier to 
dispose of  this water as safe surface water or to be recycled 
within the oil & gas sector. 

   2. Over 2 billion people have poor or no access to safe drinking 
water and half  of  the world’s population will be living in 
water-stressed areas by 2025 (WHO report, Nov 2016). Poor 
water quality is a serious public health issue with 80% of  
diseases in the developing world being water-borne which 
leads to 1 in 5 deaths under the age of  5. Even in the developed 
world, exposure to pesticides, antibiotics & pharmaceuticals, 
and heavy metals (e.g. arsenic, lead) remains a significant 
concern. Graphene-based technology has proven to show 
better rejection ratios increasing the water flux and increased 

durability for long term usage/performance and thus show 
improved fouling resistance.

   3. Wastewater treatment has 3 major subdivision:

   a. Removal of  contaminants from water.
 
   b. Management of  industrial water to ensure legal compliance.

   c. Ability to filter clean drinking (portable) water effectively and 
cost-efficiently where water is needed.  

Conventional Solutions Limitations: 

   a.) Short lifetime

   b.) High energy consumption 

   c.) Quick fouling 

   d.) Poor selectivity and specificity 

Conventional treatment industries primarily use the membrane 
bioreactor process to filter water and face a challenge with 
membrane contamination which causes frequent downtime. 

Graphene-based membrane structure with nanosheets creates 
several layers along with microscopic channels through which 
only water molecules can pass.  These structures repel more 
contaminants and operate four times longer than a traditional 
membrane before it needs cleaning. This Graphene-based 
membrane with increased efficiency means the water treatment 
plant’s footprint is also reduced. 

  4. Roughly 300 million people consume more than 86 million 
m^3 of  desalination water daily. As water scarcity grows, the 
prospect for the desalination industry is coming up with the 
increasing need for clean and safe water.

Figure 2: Convectional Waste Water Treatment Methods

 Graphene membrane has proven that it takes less energy 
than other membranes to produce the same amount of  
water. The preferential transportation of  water between the 
graphene sheets results in high salt rejection.  With graphene, 
a single atomic layer of  carbon, a clean water solution has 
emerged. Cutting edge water filtration systems are being 
developed using graphene to remove highly hazardous 
contaminants that are otherwise not efficiently removed by 
previous technologies. The properties that make graphene 
unique to water treatments are large surface area, little or 

no cytotoxicity, large delocalized ∏-electrons and tuneable 
chemical properties. Importantly, graphene can easily be 
reused with minimal chemical alterations.

 Graphene-based materials comprise graphene, grapheme 
oxide and reduced graphene oxide - all of  which constitute 
the graphene family, is similar in structure, but different in sp2 
region predominantly and the surface groups. The adsorption 
capacity of  these materials is higher than traditional materials 
such as activated carbon and resins and also carbon nanotubes. 
Graphene possesses “ultrathin thickness for maintaining 
high flux efficiency, high mechanical strength to withstand 
high pressures, high chemical and thermal stability, allowing 
for membrane design and fabrication” – these are the 
potential factors in the water treatment process.  Graphene 
is the promising material for use in water treatments across 
the world to meet the water demands. A bottleneck challenge 
is in the perfection of  fabricating large graphene sheets for 
large scale production considering the cost-efficiency and the 
need for environmental-friendly procedures.

Most of  the technologies available today for treating drinking 
water are physical and/or chemical processes. In fact, the water 
treatment industry depends solely on physical and/or chemical 
processes to meet water quality goals. Utilization of  biological 
processes in water treatment was frowned on by the industry 

In recent times there has been a rapid entry of  new technologies 
that continue to be developed, tested, demonstrated and 
introduced into the filtration market. Some of  these technologies 
used for water treatment industries are membrane filtration, UV 
irradiation, advanced oxidation, ion exchange, reverse osmosis and 
biological filtration. These are certainly not the only technologies 
being considered by the water treatment industry and new ones 
are tested regularly. However, they have come a long way towards 
demonstrating their reliability and applicability to large-scale water 
treatment plants. As the cost of  these technologies continues to 
decrease, their applicability is steadily increasing. Today, there is 
almost no contaminant that cannot be removed from water. The 
question becomes that of  cost. As alternative water resources 
become increasingly less available, the need for innovative and 
cost-effective treatment technologies will rise steadily.

because of  concern about the introduction of  microorganisms to 
water. However, this barrier has been broken by the introduction 
of  biological filtration as the most effective process for the 
production of  biologically stable water. Many water treatment 
plants today use biological filtration after ozonation to remove 
biodegradable organic matter. The use of  biofiltration in 
drinking water treatment opens the door to new and innovative 
applications of  this process. Biofiltration can be used for the 
biological reduction of  various inorganic contaminants such as 
nitrate, bromate, perchlorate, chlorate, and selenate.
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Membrane Fouling and Mitigation in 
Membrane Bioreactor

Technologies like CEB, CIP, Backwashing, submerged rotating MBR and air sparging have been promising and 
have given a direction on countering the fouling of membranes

By Mallika Khare

Wastewater collection and drainage has been prevalent 
in various  parts  of  the  world  since ancient period.  
Cloaca Maxima, a vaulted  channel sewer of  the 

ancient Roman  drainage  system  is the  oldest  existing Roman  
engineering  monument that was used to transport drainage  water  
to  the  Tiber  River.   However, unplanned drainage of  wastewater 
in waterbodies raised  concerns  about  environment and  public  
health.   Urban   development,  improved   quality of  life and  
expanding  cities  lead  to  the  adoption of  more  advanced   and  
efficient  treatment  techniques of   wastewater. The  treatment 
involved  construction  of  large  number   of  treatment units  
in  a  process treatment train  which  led  to  the  sprouting of  
another  challenge scarcity  of  land  for the  establishment of  
these  treatment facilities.   This  made  it  essential  to  develop  
engineered  treatment methods  to meet our needs.  Wastewater 
treatment process comprise unique units grouped together  to 
provide primary,  secondary,  tertiary and  advanced  treatment. 
Wastewater treatment schematic:

Figure 1: Wastewater Treatment Schematic for Activated Sludge 
Process  and Membrane  Bio-Reactor

Figure 2: Types  of MBR

Among   these   various   stages, this   article   focuses on  the   
membrane   bioreactors  (MBR)   technology, which is utilized  in 
the secondary  treatment stage of  wastewater.  Urban  wastewater 
secondary  treatment usually consist of  conventional activated 
sludge treatment process (ASP)  which utilizes heterotrophic 
bacteria  in aerobic  environment.  Sludge produced  from the 
process is removed  by gravity  settling.   However, building  up  
of  sludge  in  this  process  imposes  construction of  large size 
of  aerated bioreactor and  also sludge  treatment needs to  be 
provided. MBR is an improved  version of  the conventional ASP 
where secondary  clarifier has been replaced  by the  membrane 
unit to isolate treated water from the influent.

2. Membranes Bio Reactor

MBR consist  of  an activated sludge bioreactor built with  a  
membrane   separation module  to  retain  the biomass and sludge 
coming with the influent wastewater. Since, the effective pore 
size of  the membrane  is close to 0.04 µm or below, the effluent 
produced  from the  MBR  is considered  highly  treated and  
clarified. There  are basically  two  main  process configurations 
of  MBR  with  pumped  and  airlift  hydraulic   operations:

1.  Submerged  or immersed  MBR (iMBR)

2.  Side stream  MBR (sMBR)

Out of  these two MBRs, iMBR is considered more energy 
efficient as compared  to sMBR due to the  fact that in side stream  
MBR, the  membrane module  requires pumped  crossflow to 
counter  high pressure and volumetric  flows which consumes  
significant amount of  energy.  In sMBRs,  there  always  has to 
be a balance  between  the  pumping  energy  demand  and  the 
flux.  To achieve  higher  flux, a high transmembrane pressure  is  

required  with  a  high  retentate velocity since energy demand  
is directly  proportional to the flowrate times  pressure.  On the 
contrary, if  flowrate is decreased  by  reducing  cross sectional  
area  of  the membrane, it would result in the pressure drop along 
the length of  the module on the retentate side. This is due to 
the inverse relationship between  resistance  to flow and area.  
Among the two MBRs, sMBR is more susceptible  to  fouling 
than  iMBR,  since it  operates under  higher flux and fouling 
increases with increasing flux and lowers permeability especially 
above the critical  flux.

2.1 Membranes

Membranes    are    solid   semi   permeable    material medium  
which  selectively  allows transport of  physical  or  chemical  
components  through it,  depending upon  the  membrane  pore  

sizes and  their  structural variations.  The membrane  materials 
used for MBR are majorly categorized into two types-polymeric 
and ceramic.   However,  a  variety   of   polymeric  or  ceramic  
materials are  used  to  form  membranes such as:   Polymeric  - 
Polyacrylonitrile (PAN),   high  density polyethylene  (HDPE), 
polyethylsulphone (PES), polysulphone  (PS),  polytetrafluoro 
ethylene  (PTFE) and polyvinylidine  difluoride (PVDF).

Ceramic-  Aluminum  oxide/  Alumina  (Al2O3),   silicon carbide 
(SiC), Titanium dioxide/ Titania (T iO2) and Zirconium dioxide/ 
Zirconia (ZrO2) Membranes are manufactured such that they  
have high porosity, narrow  pore  size distribution to  provide  
higher  selectivity  and throughput, be mechanically,  thermally and  
chemically  strong  to resist temperature and  pH concentrations.    
Ceramic  membranes  perform  better than  polymeric to resist  
fouling and chemical attack. However,  their  application is limited  
due  to its  high  cost. Majority of  MBR  membrane   modules 
available  in the  market  are polyvinylidene  difluoride (PVDF) 
based,  after  PVDF  most selling is PES  and PE. 

There  are 4 key membrane separation processes utilized,  
which  includes  reverse  osmosis (RO),  nanofiltration  (NF),   
ultrafiltration  (UF)   and  microfiltration  (MF).  Any of  these  
membrane  separation processes can  be identified  based  on the  
following factors:

1.  Membrane  Configuration

2.  Material  of  Membrane

3.  Type of  Driving Force

4.  Separation Mechanism

5.  Nominal  Size of  the separation

Typical  operating   ranges  (in  terms  of  particle  size separation) 
of  these  membrane  separation processes are as follows:

1.  Microfiltration - 0.07 −2.0 µm

2.  Ultrafiltration - 0.008 −0.2 µm

3.  Nanofiltration - 0.0009 −0.01 µm

4.  Reverse osmosis - 0.0001 −0.002 µm

For MBR, the separation processes mainly utilized  is ultrafiltration 
along with the  biological treatment in ASP.
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3. Discussions

The concept of  MBR  was  introduced in  late  1960s when, a 
microfiltration membrane  was installed  in an aeration tank  of  
an ASP. However, the first successful installation of  MBR plant 
was achieved in mid 1990s. With the replacement of  secondary 
clarifier from ASP to MBR, more than 50% of  the footprints of  
wastewater treatment system are reduced. Submerged  membranes  
proved  to  be highly  efficient in trapping the contaminants and 
allowing smooth passage of  biologically treated water  which  led 
to  the  elimination  of  clarification  and tertiary filtration needs.

MBR has proven to be an advantage over the conventional ASP 
treatment in the following ways:

1.  High quality effluent.

2.  Higher volumetric loading rates

3.  Reduced hydraulic retention time

4.  Longer solid retention time

5.  Reduced sludge production

6.  Potential for nitrification/denitrification simultaneously

Figure 3: Concept and Schematic of Membrane Bio Reactor

This membrane technology is an efficient compact technology 
for municipal and industrial wastewater treatment.  However, the 
major challenge or drawback associated with this technology is 
membrane fouling.   This drawback significantly and adversely 
affects the performance  of  the membrane  and its operating  life 
which  results  in  increase  in  its  maintenance and operation  
cost. Membrane   fouling  in  general,   depends   upon   the 
physical, chemical and biological characteristics of  wastewater 

being fed into  the  membrane  which also varies from site to site, 
type of  membrane  being utilized and  operating  conditions.   A 
membrane is exposed to fouling due to following reasons:

   • Deposition of  particulate matter, present in the feed water 
over the membrane.

   • Scaling caused by the precipitation of  inorganic salts

   • Organic matter deposition on the membrane

   • Biological fouling caused by the micro- organisms present in 
feed water.

    • Simultaneous occurrence of  any of  the above.

Membrane fouling in MBR is typically caused by the suspended 
particulates (cell debris or micro-organisms),   sludge flocs, 
colloids or solutes.   These foulants deposit on the membrane 
pores, clogs and reduces the permeability of  the membrane. The 
fact that mixed liquor suspended solids (MLSS) present in feed 
water are heterogenous in nature, makes  membrane  fouling an 
inevitable  challenge  in MBR applications.  Fouling of  membrane  
has been a significant topic of  research  in wastewater treatment 
to enhance the applications of  MBR in wastewater treatment 
industry.

3.1 Membrane Fouling Mechanism

Fouling of  membrane is defined as an interaction be- tween the 
foulants and membrane material by physical or chemical means.  
Various  forms of  fouling include  pore  narrowing,  pore  clogging 
which  depends on the  size of  the  particle  and  membrane  pore 
size, and  cake formation  (continuous deposition  of  bacteria, 
bio polymers  and  inorganic  matter).  Biofouling is defined as 
deposition of  biological material on the membrane surface that 
influences the hydraulic performance in MBR systems. Soluble 
microbial products (SMP) bond with the membrane surface 
through adhesive forces during the filtration. When MBRs are 
under operation, the bacteria cohesively bonds with these SMPs.  
As the mixed liquor flows through these clogged membrane pores, 
dissolved  oxygen  and  nutrients become available  to  attached 
bacteria.  This stimulates the bacteria to generate extracellular 
polymeric substances  (EPS)  along with the biofilm.  EPS are 
found inside and outside of  microbial cell.  They are secreted by 
microorganisms  and formed by cellular lysis and  hydrolysis  of  
macromolecules.   EPS  has been  found  to  be the  key cause  of  

membrane  fouling as it acts  as a binding  material  to aggregate  
microbes.

In terms of  operation, fouling of  membrane  causes decline  in  
the  flux through the  permeable  membrane when the  MBR is 
maintained under  constant transmembrane  pressure  (TMP). 
When the permeate flux is kept constant, it results in the  increase  
of  TMP. When  a sharp  increase  in the  TMP  is observed  under 
a constant operating  flux, then  this  condition  is called  as  severe  
membrane   fouling  and  the  sudden rise  of  pressure  is known  
as  TMP  jump.    A  TMP jump  can be understood in three  
stages- First  stage- initial  conditional fouling;  Second stage-  a 
linear  or weekly exponential gradual  rise in TMP  due to clogging 
of  pores by micro-organisms:   Third  stage-  sudden increase  in 
the  rate  of  TMP  rise.  Due to gradual  clogging of  pores  and  
decline  in flux, results  in the  accumulation of  particles  and  
formation  of  cake layer.  This layer is thick enough to make the 
bacteria present in the  inner biofilm to suffocate and  die due to 
oxygen deficiency.

In situation when membrane  reaches stage 3, cleaning of  
membrane  becomes mandatory. The  main  aim of  fouling 
control  is to slow down the TMP  jump which can be done by 
modifying  the  sludge characteristics or lowering the operating  
flux.

Figure 4: Fouling on membrane in three stages

3.2 Preventive Measures Against Fouling

Membrane  cleaning  is a critical  factor  to  carry  out smooth  
performance  of  MBR system.  It can be done either by physical 
or chemical means.  Physical  cleaning utilizes  reversed  flow 
through the  membrane  or scouring  the  membrane  with  air 
bubbles  while ceasing  the  permeation.   This  is also  called  
membrane relaxation.

3.2.1 Membrane Relaxation

It  is considered  as  a  standard operating   technique to  prevent  
fouling  of   membranes.     Various   techniques  have been 
utilized  to maintain relatively  stable membrane  permeability by 
prevention and control of  membrane fouling through physical, 
biological and chemical methods. Some of  those techniques 
includes vibration, air sparging, ultra-sonication, sponge ball 
cleaning,  moving  media,  magnetic  enzymatic   carriers, 
relaxation in operation  mode and  back washing in operation  
mode.   Relaxation refers  to  providing an  interval  of  halt  or 
break  from continuous  operation.  

A comparative study on effect of  backwash cycle run time and 
relaxation cycle run time on membrane fouling was performed. 
This study compared  the fouling rates  and fouling resistance  
during  backwash  and relaxation cycle and it was concluded that 
shorter the cycle run time,  longer the membrane  will remain  
operational whether  it is relaxation cycle or backwash cycle. 
However, backwash cycle was found to be more efficient in terms  
of  fouling  rate  as it  was lesser as compared  to  relaxation.   This  
was  due  to  the  fact that during  backwashing,   the  cake  layer  
and  pores foulants  were removed  by the permeate as compared 
to relaxation.

3.2.2 Air scouring

In a MBR, air scouring  is beneficial as it provides  a way to 
dislodge the cake layer formed on the membrane surface due to 
the  deposition  of  organic  matter.  An increase  in the  rate  of  
air  scouring  in a MBR  leads to  reduction in  membrane   fouling.    
However,  this positive  effect of  aeration, significantly  reduces  
with the increase in mixed liquor suspended  solid (MLSS) 
concentration  due  to  increased   viscosity.  

Typical air  scouring  rates  ranges  from 1 L air/min m2   to  2L air/
min  m2.   Higher  air  scouring  rate  minimizes fouling through 
scouring  action,  it  also impacts  the biomass concentration. 
When intensity of  air scouring is high, it leads to breaking up 
of  the sludge flocs and forms  soluble  microbial  products. To 
provide  higher scouring intensity, higher energy consumption is 
also required  which leads to increase  in operational cost. Hence, 
it is important to establish a tradeoff   between the  air scouring  
intensity and  biological and  fouling treatment.

Some of  the impactful chemical cleaning methods  includes:
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3.2.3   Chemical Enhanced Backwash

This   process  involves  use  of   sodium   hypochlorite along  
with  a  mineral   or  organic  acid  (mostly   citric  acid).   Since,  
this  chemical  cleaning  process  involves back flushing also, it 
is referred to as chemical enhanced backwash or CEB. During 
the backwash cleaning, the permeate obtained from filtration is 
sent back  through the  hollow fibre membrane  for the  effective  
removal  of  the  accumulated particles  on the membrane. It is 
performed  when a high TMP  or low filtrate  flux is observed.   It  
is similar  to  backwashing where filtrate  flows from filtrate  side 
to the  feed side.  There  are  three  types of  chemical  backwashes 
performed:   CEB-1:   It  is performed  in  two stages- alkaline 
followed by acid to clean the organic and in- organic  deposits.   
CEB-2:   Acid CEB-performed  for the  removal  of  inorganic  
deposits.    CEB-3:   Bleach CEB- performed  always after CEB-2 
for disinfection. Chemicals  are introduced into  the  system  via 
a flux rate  which  is lower than  backwash  flux rate.   Once the  
chemical  is injected  a soak period  begins.  After the soaking 
period, the chemicals and particles  are removed from membrane  
cleaning are washed out with filtrate.

3.2.4  Clean in Place (CIP)

CIP is a method utilized to remove fouling and scaling that are 
difficult to be removed by conventional techniques like backwash 
or CEB. During normal operation CIP is not required. For this 
cleaning a chemical solution is introduced to the membrane 
modules and the flux system is shut down for a longer period of  
time as compared to the conventional cleaning methods.  One 
major  difference between  CEB  and  CIP  is that in CIP  a forward  
flush is provided  with  the  recirculation  of  different chemicals  
and  their  extended soak time. Various cleaning chemicals used 
in CIP are NaOH,  NaOCl  (1000mg/L typical)  and  citric  acid 
(2000mg/L typical).  They  are diluted  with  water  in a feed 
tank.   Mixing  of  chemicals  in this  process  is performed  by 
recirculation for at-least 60 minutes  via pumps.  Chemicals are 
then sent to the UF membrane  module for cleaning. To ensure 
proper cleaning, temperature, pH and concentration of  cleaning 
solution are monitored. After this 60 minutes, filtrate  side is 
introduced in recirculation process and  is performed for another  
60 minutes. Soaking time of  60 minutes is also provided before 
the next circulation.   After the  completion  of  recirculation 
process  the  solution is drained  and  CIP  tank  becomes  empty  
to  receive filtrate for next  rinsing process. Rinsing is performed 

until  a neutral pH  is read  in the  filtrate  and  TMP is observed.   
After this process, permeability of  the membrane is examined 
at constant flux.  CIP is provided twice per year with both the 
chemicals NaOCl and citric acid.

4. Advancement in technology for the reduction 
of fouling in MBR

Based  on  the  present demand   of  MBR  technology and the 
feasibility  of  the existing  other  technologies, it  became  essential  
to  develop  advanced   technologies through researches  that can  
control  or  reduce the  membrane  fouling in MBR  or enhance  
the  permeability  of  the  membrane. Following developments in 
MBR technology have been made and the novel MBRs developed 
are listed below:

1.  Hybrid  biofilm MBR (HFMBR)

2.  Vertical  submerged  MBR (VSMBR)

3.  Submerged  rotating MBR (SRMBR)

4.  Air sparging  MBR (AsMBR)

5.  Jet  loop MBR (JLMBR)

1. Hybrid biofilm MBR: This MBR is called hybrid as it 
incorporates both biofilm technology and membrane filtration 
into one reactor. Studies  confirmed that HFMBR efficiently 
prevents  membrane fouling as the circulating  media on the 
membrane surface generates  a shear  force that prevents  the  
cake layer formation  and also the biofilm traps  the fine particles 
that may cause membrane  fouling.  It is very efficient for the 
treatment of  high strength or highly concentrated wastewater 
treatment due to its high biomass concentration in the reactor.

2. Vertical Submerged MBR (VSMBR): The main objective  
of  the  innovation of  this  MBR  was to  efficiently remove  
the  wastewater organics  and  at  the same time  to lessen the  
membrane  fouling problem. In a VSMBR, an  MBR  with  anoxic  
and  oxic zones both in one, separated by a horizontal plate  with  
a hole at its center in a specific optimum volume ratio is set  up 
.  Along with this, an internal  recycle rate four times higher 
than  usual rate is also set up for nutrient removal  consideration.  
Membrane  is installed vertically  in the  aerobic  zone of  the  
reactor.   A pilot study was performed with these conditions. 
MLSS is then allowed  to  flow from  anoxic  zone  (bottom) 
to oxic zone (top)  through the hole. This flow results in the 

gravity settlement of  microorganisms  in anoxic zone increasing 
the MLSS concentration there.  In the aerobic zone, diffusers are 
used to provide air bubbles to reduce the fouling in membrane 
and also to oxidize organics and ammonia.  It was found that, this 
MBR could efficiently remove membrane fouling by breaking the 
bond between  the deposited  organics.

3.  Submerged  Rotating MBR: This MBR consists of  a 
rounded membrane module submerged  in a bioreactor which 
continuously rotates to create a turbulence inside the  bioreactor.  
This turbulence generated by the rotation of  module improves the 
mass transfer between the two phases.  The turbulence provides 
agitation to the sludge deposits on the membrane  surface and 
separates it from the surface reducing membrane fouling.   A study  
was  performed  to  analyze  the  effect on SRMBR  on membrane  
flux and  it was found that with  the  increase  in rotation rate  from 
15 rpm to 25 rpm,  the  permeate flux increased  from 42.5 to 
47.5L/m2/hour. The rotation of  the membrane  module provides  
agitation to the suspended  sludge hence also reduces  the power 
consumption required  by the conventional mechanical  agitator.

4.   Air Sparging MBR:  This  is another   technology which is 
found to be useful in addressing  the fouling challenge.  It utilizes 
bubbling  technique  for the  prevention  of  cake deposition  and  
also for the  aeration of  the  microbial  population.  In this  MBR,  
air  bubbles  are  injected  through the  membrane   surface  to 
accelerate  membrane  flux.  This  air  injection  generates  a  
variety  of  flow patterns.  Based  on  the  void fraction,   the  
flows are  categorized   as  bubble  flow, slug flow, churn  flow and 
annular flow. The slug flow pattern is observed  to be efficient  in 
fouling control in membranes. The slug flow generates a shear 
stress that supports in the removal of  fouling layer. The design 
of  membrane  module also significantly affects air sparging  by 
holding the bubble in the shell for longer time  resulting  in  better 
air  flow on  the  membrane surface.

5.   Jet  loop MBR:  In  this  MBR,  two cylinders  are arranged 
such  that the  inner  one  is  called  ‘down-comer’ and  outer  one 
is called  riser.   In  these,  gas is dispersed  through a 2-phase  
nozzle.  This  creates a turbulence inside the  cylinders  which 
breaks  down the  large micro-organisms  and  prevents  cake 
formation hence, controlling the membrane from fouling. JLMBR 
is efficient in  treating a  concentrated  high strength wastewater, 
supports in lowering membrane fouling,  requires  lesser  space  
and  is  easy  to  operate.

5 Conclusions

The various innovative chemical and design advancement in 
MBR technology have significantly improved the performance of  
membranes in MBR.  Technologies like CEB, CIP, Backwashing, 
submerged rotating MBR and air sparging have been promising and 
have given a direction on countering the fouling of  membranes. All 
these  design advancements seem to have one thing in common 
which is the  detachment of  foulants  from the  membrane surfaces  
through either vibrations, agitations or shear stress  generation 
between  membrane  and  the  foulants  to  disintegrate it. Also, 
breaking up of  flocs or cake layer  from the membrane surface 
seems to generate more soluble microbial products which needs 
to be prevented. Other emerging technologies like Quorum  
Quenching  where the  biofilm formation  and  control  have been 
studied seems to be very useful in the future to prevent fouling 
as well as formation of  SMPs.  Hence, regulation and control of  
the biofilm formation in various environmental conditions and its 
formation trends has a good scope of  research.
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Nano-Technology: Emerging Trend in Water and 
Wastewater Treatment

Many nano-materials are described and have repeatedly demonstrated laboratory-scale efficiency and their 
usability in water security and water reusability applications. 

By Dr Arvind Kumar Jha and Prasoon Gargava

Advancements in water and wastewater treatment 
technologies is mainly driven by efficiency to achieve 
desired result coupled with economy and maintenance 

cost.  At one side complexity in water & wastewater increased 
due to various anthropogenic activity & process innovations 
for manufacturing and parallelly treatment technologies also 
improved. In some sectors like sewage treatment and lean 
pollution potential effluent, membrane technology is widely 
recognised. 

Many types of  membrane techniques are used such as 
Microfiltration, Ultrafiltration, Nanofiltration, Reverse 
Osmosis, etc. Membrane filtration and its advancements based 
on application of  physical forces like pressure, osmosis, heat, 
electricity and magnetism has been successful in wastewater 
reclamation and resource recovery throughout the world. At 
many places conventional techniques are either supplemented 
with membrane technology or replaced by membrane based 
techniques due to better energy and output efficiency. Micro-
filtration, ultra-filtration and reverse osmosis are more mature 
methods, but the recent development in the area is inclination 
towards nano-filtration system for water treatment. Nano-filter 
has a pore size range of  0.001-0.01µm. 

Nano-filter membranes can filter some salts, synthetic dyes and 
sugars but, unable to remove most aqueous salts and metallic ions 
hence, the wide acceptance is limited by customised need-based 
usability of  nano-filtration system. Apart from nano-filters, nano-
particles also has potential to contribute for wastewater treatment 
and resource recovery. Thus, application of  nano-technology for 
the water and wastewater treatment and resource recovery may be 
the new direction for customised need based solutions. 

“Nano” is typically defined as materials one billionth of  a meter 
(10-9) and even smaller.  Nano-particles are those particles having 
size of  1nm to 100nm. 

Various laboratories world over have synthesized nanomaterials in 
last 40 years for various applications. During the previous decade 
(2010-2020), the application of  nano technology touched several 
areas like cosmetics, medical science & biologicals, electronic and 
magnetic materials, material processing, light emitting techniques, 
etc. Various laboratories synthesized several nanomaterials with 
known mechanical, electrical, optical, and magnetic properties, 
which are different from conventional materials and has potential 
for various usability. A wide range of  nanomaterials have the 
characteristics of  catalysis, adsorption and high reactivity.  
These properties of  nano-materials are used in the field of  
water and wastewater treatment through various researches. 
Potential capabilities of   nanoparticles, nanomembrane and 
nano-powder are successfully demonstrated for detection and 
removal of  chemical and biological substances including metals 
(e.g. Cadmium, copper, lead, mercury, nickel, zinc), nutrients 
(e.g. Phosphate, ammonia, nitrate and nitrite), cyanide, organics, 
algae (e.g. cyanobacterial toxins) viruses, bacteria, parasites and 
antibiotics. 

At least four classes of  nano-materials are being evaluated as 
functional materials for water purification e.g. carbonaceous 
nanomaterials, metal-containing nanoparticles, zeolites and 
dendrimers. Carbon nanotubes and nanofibers have also shown 
positive results. Nanomaterials reveal good results than other 
techniques used in water treatment because of  its high surface 
area (surface/volume ratio). Nanotechnology-based methods 
are generally believed to be more expensive, we found research 

papers demonstrating it as cheaper and more effective alternatives 
to conventional techniques. In addition, nano-based techniques 
may become extremely important in meeting increasingly 
stringent water quality standards, especially for removal of  
emerging pollutants and low levels of  contaminants. The present 
article highlights some of  the application of  nanomaterials for 
wastewater treatment.

2.0 Nano-particles for Wastewater Treatment

A number of  nano-particles are synthesized throughout the world 
and successfully applied for water and wastewater treatment in 
customised ways. Few of  the synthesized nano-particles and 
targeted pollutants retrieved from several research publications 
are compiled and presented in Table-1.

α-Fe2O4,

ZnO, MnO2 Lead

Copper

Al oxides

Zinc, Cadmium

Nickel

Removal of dye

Hydrocarbons, dye

Uranium from drinking water

Arsenic and other toxic metals

Organic Pollutants

Heavy metals, anions, organic pollutants

Heavy metals, organic pollutants

Heavy metals, organic compounds

Nitrobenzene, rhodamine, phenol, 
basic dye, 

Methylene blue, formaldehyde, acid red 
88, gentian violet, ramazol brilliant blue

Lead, iron, cobalt, chromium

Al oxides

TiO2

Fe2O4-MnO2and γ-Al2O3

Graphite Oxide

Nanoclay 

Nano-Aerogels 

Polymer Fibers 

TiO2

Fe

Dendrimers 

Magnetite NPs

TiO2 nano photocatalyst

Doped TiO2 nanophotocatalyst

Graphene based nanomaterials

Nano-particles Types of contaminant/ pollutant 
removed from water/ wastewater

A number of  mechanisms is involved for application of  nano-
materials in water and wastewater treatment using nano-particles.  
Figure-1 briefly describes them graphically. Many nano-materials 
are available which have demonstrated their capability of  water 
and wastewater treatment such as graphene composites, silver 
nano-particles, etc. The following paragraphs briefly describe 
repeatedly demonstrated laboratory-scale efficiency of  nano-
materials and their usability in water security and water reusability 
applications.

2.1 Carbon Based Nano Materials: Activated carbon 
is tried and tested material for adsorption of  impurities. Porosity, 
covalent bonding, electrostatic interactions, hydrogen bonding, 
pi-pi interactions, etc. are the features of  carbon which works for 
trapping of  organic components present in water and wastewater. 
The scientific understanding demonstrated that carbon nano 
sheets and carbon nanotubes has high adsorption potential 
than activated carbons due to higher adsorption efficiency for 
numerous organic chemicals. More specifically carbon nano tubes 
demonstrated high strength, high surface area, high adsorption 
efficiency, chemical resistance and mechanical strength. Further 
the carbon nano tubes can be modified on its surface for suitability 
by a process called grafting. 

Techniques are also existing for regeneration of  carbon nano-
tubes (CNT) hence, reuse is also possible. Therefore, the heavy 
metals can be effectively separated by carbon based nanomaterials. 
In this regard, it has been demonstrated that multiwall carbon 
nanotubes can remove heavy metals in wastewater like zinc, 
nickel, manganese, lead, copper, etc. The carbon nano tubes 
can successfully remove bulky organic molecules in wastewater 
due to large pores owing to high adsorption capacity of  CNTs 
more efficiently on compounds having OH, NH2 and COOH, 
functional groups; polar aromatic compounds and polycyclic 
aromatic hydrocarbons present in wastewater.

2.2 Metal Based Nano-Materials: Metal-based nano 
adsorbents such as metal oxides (MO) are lower in cost and 
efficient adsorbents for removing heavy metals and radionuclides. 
In particular, MO-based nano materials have exhibited superior 
performance over the traditional activated carbon. 

The adsorption capacity of  arsenic increases over 100 times if  nano-
magnetite particle size decreases from 300 to 11nm. Currently, 
various disinfection processes involve the comprehensive 
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application of  TiO2 as they can activate as photocatalysis even 
during visible sunlight. Oxides of  magnesium, cerium, and 
manganese are also very capable for removing heavy metals. 
Nickel oxide (NiO) nanostructures also indicated its potential 
as a photocatalyst in effluent treatment. UV irradiation time, 
quantity of  catalyst, pH and dye concentration were investigated 
by degrading Rhodamine B dye and other dyes. 

These factors indicated that the NiO nanostructures are an effective 
photocatalyst. Kinetic investigations of  photodegradation 
revealed that the reactions followed the improved Langmuir–
Hinshelwood model hence, clearly demonstrated photocatalytic 
property. MnO2 nano-sheets, graphene composites, metal oxides, 
antimicrobial nanomaterials, and photocatalysts are employed in 
the field of  wastewater treatment.

Besides standalone nano metal oxides, some composite nano-
particles are also useful. These nanoparticles have material 
(nickel, iron, cobalt) and a chemical component for removal of  
heavy metals. 

The benefit of  these composite compounds are more compared 
to standalone nano metal oxides as these composite particle can 
act as magnetic material and super-magnetic materials thereby 
increasing the adsorption/ filtration efficiency.  

2.3 Polymer based nano-particles: These nano 
absorbents solve dual purpose like multiwall carbon nanotubes. 
This can remove organics load as well as heavy metals due to 
the presence of  hydroxyl at the external surface (adsorption), 
presence of  hydrophobic behaviour on inner surface (sorption). 

A polymeric nano absorbent such as dendrimer-ultrafiltration 
system has efficiently removed metal ions from aqueous solutions. 
Synthetic polymers such as molecularly imprinted polymers 
(MIPs) are gaining a reputation for wastewater treatment by 
mimicking natural detection and identification, demonstrating 
high affinity and selectivity for its structural analogy as reported 
by various scientists. The choice of  using these nano-materials are 
guided by customised needs due to high efficiencies. 

Polymeric nanoparticles obtained through synthesis of  Fe and 
Al-doped, activated micron “B”0.8 mm, and nano “B”100 nm 
sized porous adsorbents has successfully removed arsenic “V”  
“B”40 mg/g and fluoride “B”100 mg/g ions from effluents 
and wastewater. Adhesive biocatalytic coatings having nano-
porous microstructure created by partly-combined latex polymer 
particles capture highly concentrated microbial cells (harmful 
pathogenic bacteria) in a dry state stabilized by carbohydrate 
osmo-protectants during wastewater treatment by Researchers 

Figure1: Schematic representation of process involved in nano-material based water and wastewater treatment

like S. Cortez and others (Figure-2). Thus, biotechnology and 
nano-particles can also be combined for treatability of  water and 
wastewater. Depending on features, nanocomposite membranes 
are generally classified based on membrane structure and 
positioning of  nanomaterials as conventional nanocomposite, 
thin-film nanocomposite (TFN), thin-film composite (TFC) with 
nanocomposite substrate and surface located nanocomposite.

Conclusion: 

It is observed from various researches throughout the world that 
several nanomaterials are synthesised in last two decades and 
successfully applied for water and wastewater treatment. There 
is huge potential of  scaling up the nanomaterial use in industry 
either standalone for water treatment or at secondary and tertiary 
level in wastewater treatment for reuse. The use of  silver nano-
particle is widely accepted for water treatment and disinfection 
but, the new materials described in this article are based on specific 
pollutant removal and has potential for use at industrial scale. The 
regeneration of  nano-materials is also possible hence, scaling up 
in cost-effective way will not hinder the application. However, 
care must be taken in their use as most of  the nano-materials  
are targeting specific materials as despite various applications and 
advantages of  polymer nanocomposites in water remediation 
several issues related to their use still remain to be addressed. 

Figure-2. A graphical representation of photocatalysis of dye ( Image 
courtesy :  RSC Adv. publications, 2014)

Selection of  suitable standalone wastewater treatment technology 
or combination of  treatment technologies to deal with well 
characterized targeted wastewater stream is of  prime importance 
to achieve desired level of  treatment, particularly when the critical 
contaminants present are not amenable to conventional biological 
treatment. 

The economic model of  adoption of  such emerging techniques 
is definitely a problem if  it is adopted without understanding the 
complex mixture targeted to be treated. There is also a need to 
internalize the cost of  managing effluent in the business model. 
The conventional methods of  water/wastewater treatment may 
also work as pre-requisite for nanotechnology based methods 
to enhance their efficiency or may be used subsequent to them 
to achieve better results. (Disclaimer: The views expressed in 
this article are the understanding of  authors only and not of  
organization they represent)
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 A Novel Method for Solids Separation Using 
Hydrodynamic Separator

Unlike other traditional solutions, hydrodynamic separator removes a wide range of organic and inorganic 
suspended solids as small as 2 micron, from water with dirt load of up to 12,000 PPM of TSS.

By Yarden Ityel & Udi Leshem

Many water treatment facilities face the challenge of  producing 
high quality clean water either for drinking, agricultural or 
industrial applications regardless of  fluctuating turbidity and TSS 
(Total Suspended Solids) inlet conditions. In order to meet the 
increasing demand for high quality and continues supply of  water, 
many water treatment plants will incorporate a solid separation 
step. A solid separation step will be needed either as pretreatment 
or a stand-alone process if  turbidity levels exceed 50 - 100 NTU 
or for the treatment of  fine particles (e.g algae, silt etc.).

Traditionally, most solids separation processes are being done by 
separation that is dependent on the density difference between 
the water and the particles. Particles might have higher density 
than water and will settle in a settling basin or will have lower 
density than water and will float and will be skimmed from the 
surface of  the water.

Since many particles have density that is very close to water, in 
order to achieve high efficiency of  solids separation, separation 
by density difference have to either work at very low velocity 
(0.5-1 m/hr) and thus large footprint and associated cost will be 
needed, or to invest high capital cost and high amount of  energy 
to float the particles in Dissolved Air Flotation (DAF).

While processes that removes particles using centrifugal forces 
do exist in the market as an alternative to separation density 
difference (e.g Hydrocyclone) they are very limited in the particle 
size separation (larger than 70 um) and particles density (larger 
than 1.9 g/cc) and are mainly used for sand separation. The high 
shear forces created in the Hydroclyclone will prevent using 
coagulation and flocculation processes since flocs will be broken 
and thus the process will be ineffective.

The recently developed innovative hydrodynamic separator, 
developed by AquaHD, is free from the limitations of  the 
conventional solid separation processes. The hydrodynamic 
separator works by creating centripetal hydrodynamic forces to 
separate particles under low pressure (1bar). In the hydrodynamic 
separator, the water is flowing through a dedicated circular 
structure. The pass of  the water in the circular structure, allows 
the creation of  high centrifugal forces (6-8 G) under low pressure. 
The unique geometry and flow patterns of  the liquid inside the 
hydrodynamic separator, allows for the creation of  laminar flow.

The configuration of  the separator was developed using a complex 
mathematical model that creates flow structure, causing high level 
and efficient separation of  the suspended particles. Unlike other 
traditional solutions, hydrodynamic separator removes a wide 
range of  organic and inorganic suspended solids as small as 2 
micron, from water with dirt load of  up to 12,000 PPM of  TSS.

Due to the high centrifugal forces, particles will be concentrated 
in the outer perimeter of  the separator. Due to the laminar flow, 
particles stay in the outer perimeter layer and do not mix with the 
clean water in the inside of  the separator. A specially designed 
outlet structure will separate the stream rich in particles (near 
the outer perimeter) and the clean water stream. Particles that 
had been removed from the water will either go a further sludge 
thickening and dewatering treatment or will be sent back to the 
environment. See Figure 1 for the separator illustration.

The performance of  the hydrodynamic separator was tested and 
evaluated in a demonstration plant that simulated a facility for 
treating surface water with high turbidity. The demonstration 
plant was then challenged with the water of  the Jordan River from 

December 2017 to March 2018 totaling 93 days in all. The main 
goal of  the test was to validate the capability of  the hydrodynamic 
separator to achieve more than 70% removal of  turbidity and 
TSS from the Jordan River. The second goal was to evaluate the 
performance of  the hydrodynamic separator as a buffer to the 
significant turbidity fluctuations in order to enable the granular 
filter media to operate properly and without interruption. The 
project was done with the support of  Mekorot, Israel Water Utility.

Figure 1: Hydrodynamic Separator principle of operation

Figure 2: Turbidity Inlet and Outlet of the Hydrodynamic Separator During Piloting Period.

The turbidity of  the river fluctuated significantly almost every 
day during the test period as shown in Figure 1. Turbidity values 
increased from 40 NTU to 120-400 NTU, however they decreased 
back within a day or two. During this period, the turbidity of  
the hydrodynamic separator outlet water remained constant and 
most of  the time was less than 20 NTU. Even when turbidity 
increased to 500 NTU, the outlet turbidity of  the hydrodynamic 
separator increased only slightly to a value of  30 NTU. Figure 2 
presents results from the separator achieved by the hydrodynamic 
separator.

Average turbidity removal performance of  the hydrodynamic 
separator was above the success criteria (70% removal). The daily 
average turbidity removal (84.2%) and the average TSS removal 
(78.1%) both met and exceeded the success criteria described in 
the project’s goals. It found that the higher the TSS, the higher 
the removal percentage. From 100 mg/l and up the removal 
percentage was 95%.

Operating hydrodynamic separator followed by media filtration 
operated in a filtration velocity of  17 m/hr (versus 8-10 m/hr of  
normal operation without the hydrodynamic separator) resulted 
in 90-95% turbidity and TSS removal.

The separator was also used for recycling water in pack-houses. 
In pack houses, water is used extensively during the packaging 
process. Pack house operations use process-water to clean and 
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to transport produce throughout the packing operation. Pack-
houses can incur high costs for both water usage and wastewater 
discharge tariffs. This can limit pack-house operations due to 
shortages of  fresh water, as well as land for wastewater discharge.

Figure 3: Installation of the hydrodynamic separator in sweet potato 
pack-house.

Wastewater generated in pack-houses is characterized by high 
presence of  solids creating high turbidity and total suspended 
solids (TSS) level which result in high costs associated in 
removing the particles from the wastewater stream. Recently, the 
hydrodynamic separator as installed in two pack-houses of  sweet 
potato and carrots in Israel. Figure 3 above, presents an installation 
in the sweet potato pack houses. The installation was done in an 
existing pack-house were limited footprint for new installation 
was available. The compactness of  the separator allowed to install 
the separator in a very small footprint and without interfering 
with the pack-house daily operation.

The graph below, presents the TSS results from the treatment

As can been seen from the graph, while high and flocculating 
TSS inlet values, the system was able to achieve very high values 
of  solids removal that achieved over 90% reduction of  TSS (all 
effluent results were below 100 mg/L of  TSS) and allowed for 
over 90% of  water recycling back to the process and a quick pay 
back of  the system.

The results clearly show that the hydrodynamic separator provides 
excellent and reliable solids separation under both low and high 
solids inlet concentration. This makes it suitable for any water 
treatment application used for solids separation with a quality that 
meets any client demands for either drinking water, industrial or 
agricultural needs.
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Forward Osmosis: A Sustainable Replacement of 
Reverse Osmosis Technology 

Forward Osmosis holds considerable potential to be called as the most promising technique that can be used 
efficiently to meet India’s urban water demand as it requires low capital input and results in lesser membrane 

fouling and the product water is of high quality.

By Dr Bharat Bhushan 

1.Introduction to Forward Osmosis Technology 

Three-fourths of  the earth’s surface is covered with water. 
Out of  this three-fourths, only 0.6 percent is found in the 
form of  lakes and rivers. The rest is found in the form of  
salt water in oceans, which cannot be directly used for human 
consumption. The world’s population is expected to reach 8.1 
billion by the end of  2025. With depleting fresh water sources, 
additional water supplies will be important in determining the 
future of  humans on this planet. Like fossil fuel resources, the 
need for water is likely to be a major factor for world stability 
in the coming few years. India has a coastline of  7516km. 
Since, 9 Indian states and 4 union territories are surrounded 
by seawater along one or more sides, desalination can play 
a major International Scholarly Research Notices role in 
augmenting the fresh water requirements of  the country if  
technically and economically efficient desalination technology 
is implemented for obtaining pure water from sea water in 
these regions. Additionally, areas such as Tamil Nadu, Gujarat, 
and Andhra Pradesh have a huge problem of  water scarcity 
due to poor river water availability, low ground water levels, 
and high-water demand. Since the launch of  the first five-year 
plan in 1951, 1105 billion Indian Rupees have been spent to 
provide safe drinking water, yet it continues to be a major 
issue. Thus, it is imperative that India focuses its attention 
on seawater in Water reuse is more economical than seawater 
desalination, but there are many ethical, psychological, and 
health issues preventing its widespread application for human 
use. Therefore, seawater desalination appears to be the most 
effective solution for freshwater supply in terms of  the 

product water quality and technology reliability. The main technical 
options for desalination are thermal processes, multistage flashing 
(MSF) and multi-effect distillation (MED), and membrane processes, 
such as reverse osmosis (RO) and nanofiltration (NF). Desalination 
technologies are energy intensive processes and require significant 
operating experiences to ensure successful implementation order to 
meet the water demands of  the growing population.

More recently, there has been growing interest in forward osmosis 
(FO) for its potential to reduce the desalination cost. 

2. Process Description

The forward osmosis (FO) process operates close to atmospheric 
pressure with the driving force for water transport provided by the 
osmotic pressure gradient across the semipermeable membrane. 
Two solutions of  different concentrations and osmotic pressure are 
pumped into the FO membrane; the high concentration solution 
is called the draw solution, whereas the low concentration solution 
is called the feed solution Freshwater transports from the feed to 
the draw solution due to the osmotic pressure gradient across the 
semipermeable FO membrane. Ionic species in the feed solution are 
retained by the FO membrane because of  its high selectivity and 
rejection rate which may exceed 90% to the NaCl solution. Water 
transport across the FO membrane dilutes the draw solution; the 
diluted draw solution requires further treatment for freshwater 
extraction and draw solution regeneration. For the membrane 
regeneration processes, membrane processes have been proposed 
to regenerate of  the draw solution depending upon the nature of  
the osmotic agent. Practically, technical limitations of  regeneration 
processes, such as fouling propensity, energy efficiency and viability, 

should be considered in the design stage of  the desalination 
system. The selection of  a suitable draw solution is critical to 
the successful application of  forward osmosis-based processes, 
in particular processes where the draw solution needs to be 
recovered and its concentration maintained by dosing. Ideally it 
should have the following characteristics:

   • Non Toxic

   • Low Cost

   • Easily Recoverable / Regenerated With A Low Energy Input

   • High Osmotic Pressure At Low Concentrations

   • High Solubility

   • Low Viscosity

   • Low Reverse Solute Diffusion (Back Diffusion Of  The 
Draw Solution To The Feed Solution)

   • Not Adversely Affected By Contamination Of  Ions From 
The Feed Solution

  • Minimal Effect On Internal Concentration polarisation

3. Existing Desalination Scenario in India 

India represents 16 percent of  the world’s population and at its 
present growth rate is expected to hit the 1.5 billion mark within 

Figure1: Simplistic desalination or dewatering / concentration process

the next four decades. The Government of  India’s Planning 
Commission estimates the water demand to increase to 1180 
BCM (billion cubic meters) by the year 2050. This represents a 
nearly 66 percent increase from the known 710 BCM of  water 
demand in 2010. With the depleting water sources and increase 
in the demand, it becomes imperative to switch to seawater to 
meet the water requirements in India. Suryanarayanan says that 
desalination technologies are still evolving in India and Indo-
Asian News Service report suggests that the Indian desalination 
water market is expected to grow at a compounded annual growth 
rate (CAGR) of  30 percent over a period of  five years from 
2013 to 2018. There has been a sudden increase in the capacity 
of  plants desalinating saline water from year 2006 as shown in 
Figure 1. In addition, the desalination capacity in India is seen 
at 5.35 million m3/d by 2018, which is 342.1% increase from 
its capacity in 2013. Thus, it can be concluded that desalination 
water market in India is expected to grow at a rapid rate. The 
two main desalination technologies are those based on thermal 
and membrane processes. Thermal processes include multistage 
flash (MSF), multiple-effect distillation (MED), and vapour 
compression (VC), whereas membrane processes include reverse 
osmosis (RO), electrodialysis (ED), and forward osmosis (FO). 
Figure 2 shows the distribution of  the desalination technologies 
adopted in India in the financial year 2012-13. Since membrane-
based technologies are considered to be 23 percent cheaper than 
thermal based technologies for generating desalinated water, 
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plants in India are mostly membrane based. It can be seen that 
RO dominated.

Figure 2: Desalination technologies adopted in India in 2012-13

Figure 3: Plant size breakup in India in 2012-13 (desalData)

Figure 3 illustrates the breakup of  the desalination plants currently 
operating in India by capacity. It can be seen that currently 
desalination plants in India are mostly of  sizes up to 10,000 cubic 
meters per day (m3/d). These plants are mostly used for industrial 
and irrigational purposes. Gujarat and Tamil Nadu have emerged 
as desalination hubs due to poor water availability, low ground 
water levels, and high demand. Desalination is also used in the 
coastal regions of  Maharashtra, Andhra Pradesh, Karnataka, and 
West Bengal.

4. Existing comparison of FO with other similar 
technologies   

Table 1 provides a detailed comparison of  the traditional 
techniques as well as techniques being researched for 
desalination. It can be seen that FO requires less energy per m3 
of  water than the other thermal and membrane techniques. Solar 
energy is in abundance, but the technical knowledge to harness 
it efficiently is still primitive. Nano-filters have also shown early 
promise, but there is still time before its theoretical knowledge 
can be efficiently applied to desalination. Stand-alone nano-
filters face many problems, such as fouling, and therefore need 
to be incorporated with another suitable technique as a hybrid 
system.

The cost required to construct an FO plant is considerably 
less than most of  the other thermal technologies, even reverse 
osmosis. Compared to RO, FO has less membrane fouling, 
scaling, and brine discharge. Even though the product water 
quality varies over a wider range than the thermal methods, this is 
not of  much importance since the dissolved solid content is well 
under the specified world health organization (WHO) guidelines. 
Greenhouse gas (GHG) emissions are also considerably less 
in membrane techniques compared to the thermal techniques. 
However, the draw solutions and membranes in FO are still 
areas of  active research in order to improve upon the process. 
Additionally, though FO membranes suffer from fouling which 
other techniques besides membrane techniques do not, the 
advantages of  FO.

5. Commercials of setting FO Unit   

The costs of  desalination vary significantly depending on the 
size and type of  the desalination plant, the source and quality 
of  incoming feed water, the plant location, site conditions, 
qualified labour, energy costs and plant lifetime. Lower feed water 
salinity requires less power consumption and dosing of  anti-scale 
chemicals. Larger plant capacity reduces the unit cost of  water 
due to economies of  scale. Lower energy costs and longer plant 
period reduce unit product water cost. The primary elements 
of  desalination costs are capital cost and annual running cost. 
The capital cost includes the purchase cost of  major equipment, 
auxiliary equipment, land, construction, management overheads, 
and contingency costs. Annual running costs consist of  costs 
for energy, labour, chemicals, consumables, and spare parts. As 

is evident from figure 2, approximately 88% of  the desalination 
plants operating in India are based on RO, and the cost analysis of  
RO and FO has been done.  We have used the model developed 

(Mehta et. Al, International Scholarly Research Notes, 2014) 
Table 1: Comparison of different desalination techniques.

Figure 4: Proposed FO setup viable for use in the Indian market.

by CH2M Hill (a global environmental consulting company), 
which estimates the cost involved in setting up an FO plant and 
RO plant.
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(Mehta et. Al, International Scholarly Research Notes, 2014) 

Table2: Cost comparison between RO and FO seawater desalination plant.

The model has been found useful in estimating costs involved up 
to 15mgd capacity of  recovered water from impaired solution.

6. Conclusion

The FO process is relatively a new technology for the pre-
treatment of  seawater for thermal and RO desalinations. The 
process by itself  does not provide desalinated water after pre-
treatment, but a purified ionic saline solution with an osmotic 
pressure at least equal to that of  the feed solution. Most of  the 
present water treatment plants with use of  FO as a pre-treatment 
technology can induce a drastic improvement in reverse osmosis 
and can significantly increase shell life of  membrane, reduce its 
fouling and improve the technologies and reducing the capital 
cost as well as increasing the efficiency. 

With its potential, this technology can also be touted as 
replacement of  zero-liquid discharge projects for industrial 
applications, which as a result of  water stress are legally bound to 
reduce water consumption. FO also holds considerable potential 
for its use in municipal wastewater treatment plants, as finishing 
step for tertiary level water quality. This does hold considerable 

potential to be called as the most promising technique that can be 
used efficiently to meet India’s urban water demand. FO requires 
low capital input and results in lesser membrane fouling, and the 
product water is of  high quality. Low capital cost is going to act as 
an incentive, resulting in increased expenditure for the adoption 
of  this technique.  It is expected that potential of  this technology 
shall be realized in coming days to meet urban water challenges 
of  India, as water availability is emerging as the biggest social, 
technical and commercial challenge for the country.
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Fouling in Membrane Process used for Water and 
Wastewater Treatment

Surface membrane fouling is a greater operational impediment in industrial effluent treatment than in 
municipal and, also in most cases, is ameliorated primarily by chemical cleaning.

By Anil Baghel

Water scarcity is among the most serious issues 
and water crises faced by the world as a result of  
poor management of  climate change. There are 

many places in India which have serious water crises. India’s 
sixth-largest city Chennai faces serious water crises problem. 
Maharashtra state’s Latur district experienced a great water 
shortage in 2019. Gujarat is already thinking to solve their water 
crises issues and they are going to install desalination systems in 
various parts of  Gujarat. 

To cope with this situation, investigators and engineers have been 
attempting to develop treatment methods of  every sort, which 
aim to eliminate the pollutants in water bodies or to increase 
the water supply via the safe reuse of  wastewater and efficient 
desalination of  sea water as well as brackish water.  Among all 
the process used for water and wastewater reuse, membranes 
technology is a best and very reliable process at present. The 
membranes-based process used for water and wastewater 
treatment include direct membrane filtration, such as micro-
filtration, ultrafiltration, Nanofiltration and reverse osmosis and 
hybrid membrane processors like- MBR.

There are several issues that have not yet been fully understood 
and they still are a significant obstacle toward the broad 

application of  membranes process. One of  the major issues is the 
understanding and mitigating of  the membranes fouling, which is 
inevitably associated with membrane process. Membrane fouling 
is also a big issue in wastewater treatment industry. Here, I oblige 
that throughout from last few years a strongly increasing number 
of  investigations per year were performed. 

What is membrane fouling?

Membrane fouling can be defined as the undesirable deposition 
and accumulation of  particulate matter, micro-organism, colloids 
and solutes on membrane’s surface. 

As shown in the figure, membranes fouling can be attributed to 
both membrane pore-clogging and cake deposition on membranes 
which is usually the predominant fouling component. Membrane 
fouling is a very complicated phenomenon and results from 
multiple causes. The particle size of  the pollutant in wastewater 
may strongly affect fouling mechanism in a membranes filtration 
system. If  the size of  foulant is comparable with the diameter 
of  the membrane’s pores (i.e., Colloids), or smaller than the 
pore size (i.e., solutes), adsorption at the internal pore surface 
and pore-blocking may occur. However, if  foulant is much larger 
than the pores of  the membrane, they tend to form a cake layer 

(Reprint from water research 43(6))

on the surface of  the membrane. Membranes fouling result in 
a reduction in permeate flux and increase the transmembrane 
pressure (TMP), depending on the operation mode. When the 
cake layer formed on membranes surface then crossflow velocity 
affects the thickness of  the boundary layer.

Generally, the intensity of  membranes fouling results from the 
following mechanism:

   • Adsorption of  solutes or colloids within/on membranes, 
such as silica can precipitate at a concentration below 
saturation in the presence of  aluminium or iron. 

   • Formation of  cake layer on the surface of  the membranes.

   • Micro-organism or microbes.

   • Organics, which provide the nutrients for microbes.

   • Metal, such as iron and manganese that precipitate when 
oxidized; aluminium typically from alum, which is commonly 
overfed, particularly into municipal/surface sources; 
hydrogen sulphide, which releases elemental sulphur upon 
oxidation, a sticky material very difficult or not possible to 
remove from a membrane’s surface. 

In fact, the occurrence of  membrane fouling also strongly 
depends on the membranes used. From the viewpoint of  fouling 
components, membrane fouling can be classified into three major 
categories; biofouling, organic fouling and inorganic fouling. A 
fundamental understanding of  the formation of  membrane foulant 
will help to develop more effective approaches for fouling control.

Biofouling

Biofouling or biological-fouling is basically caused by deposition 
growth and metabolism of  bacteria cells on membranes surface. 
Such accumulation is referred to as epibiosis when the host 
surface is another organism and the relationship is not parasitic. 
Biofouling may start with the deposition of  individual bacteria on 
the membranes surface, after which the cells multiply and form 
a cake. Many researchers suggest that soluble microbial products 
(SMP) or extracellular polymeric substance (EPS) released by 
bacteria play important roles in the formation of  biological 
foulant and cake layer on membranes surface. 

The deposition of  bacteria cells can be visualised by techniques 
such as scanning electron microscopy (SEM), we use this 

technique during membranes autopsy for analysing the bacterial 
growth on membranes surface.  

The potential for biofouling of  a membrane can be determined 
by considering the assimilable organic carbon (AOC). This test is 
a bioassay that measures the growth potential of  micro-organism 
in a sample. 

The degree of  membrane fouling with microbes that has already 
occurred is determined by checking the number of  colonies that 
slough off  membrane into RO reject stream. 

Microbial fouling is best dealt with before biofilm becomes 
mature. Biofilm protects the micro-organism from the action of  
shear forces and biocides chemical used to attack them. These 
microbes can be destroyed using chlorine, ozone, UV radiation 
or some non-oxidizing biocides such as – DBNPA, SPCP, THPS, 
DDAC as well as ODDAC.

Organic Fouling

Organic fouling in membranes processes refer to the deposition 
of  natural organic matter (NOM) or soluble microbial products 
(SMP), which is mainly composed of  proteins, humic acids and 
polysaccharides on the membrane’s surfaces. NOM is the main 
substance causing fouling on membrane’s surface. For NOM, 
humic substances are most detrimental foulants, which can 
cause severe irreversible fouling through pore blocking. Another 
organic foulant is the residual organic matter in the effluent of  
wastewater treatment plants. The ability of  organic foulants 
to foul membranes includes their affinity for RO membrane, 
molecular weight and functionality. Negative functional groups 
on organic polyelectrolytes may be repulsed by the negatively 
charged membrane surfaces of  RO membranes. Greater charge 
density on the membrane surface is often associated with higher 
hydrophilicity. Because most RO membranes are made of  
hydrophobic polymers, organic matters in the feed water usually 
tend to be preferentially adsorbed onto the membrane surfaces.

Colloidal Fouling

Colloidal particles are major foulants in all kinds of  membrane 
processes. The size of  colloidal particles ranges from a few nano-
meters to a few micro-meters. They are ubiquitous in natural 
waters and examples of  inorganic colloids include metal oxides, 
clay minerals, colloidal silica and silicon. There are also plenty of  
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colloidal particles of  organic and biological origins. Most colloids 
carry negative surface charge in pH range of  natural waters.

Under the drag force of  permeate flux, these colloidal particles 
will accumulate on the RO membrane surface to form a cake 
layer. The formation of  this cake layer of  the deposited colloidal 
particles adds on an additional resistance to the membrane 
resistance. This type of  fouling is known as colloidal fouling.

Silt Density Index (SDI)

Silt density index (SDI) is the most widely used fouling index 
to quantify fouling potential of  colloidal particles in feed 
water. Most notably, the SDI is only measuring the fouling rate 
associated with particles larger than 0.45 mm, since it uses a 0.45-
mm filter membrane. In many RO processes where feed water 
is prefiltered before reaching RO systems, membrane fouling 
is usually caused by particles much smaller than 0.45 mm. In 
addition, the SDI adopts dead-end flow mode, which is different 
from the crossflow mode commonly employed in conventional 
full-scale RO processes. As the operating flow mode affects the 
fouling behaviour of  the particles on the membrane surface, 
fouling potentials measured when operating in these flow modes 
may be different. 

The accuracy of  SDI also became questionable when it was 
reported that the index given by SDI is not proportional to the 
colloidal concentration. Other indices, such as modified fouling 
index (MFI), have been proposed in view of  the deficiencies in 
SDI. Unlike the SDI that is empirically derived, MFI is based on 
the theory of  cake filtration and is observed to be proportional 
to the colloidal concentration in the reported tests. Unfortunately, 
this method to measure colloidal fouling potential adopts the same 
type of  filter membrane and operating flow mode as the SDI. 
Hence, the index may not be suitable for use in RO processes.

Prevention from Membranes Fouling

Pre-treatment

Membrane cleaning reduces production time and increases 
operating costs. In addition, excessive cleaning may damage the 
membranes, resulting in more frequent membrane replacement. 
To reduce the cleaning frequency and duration, it is critical to 
slow down the rate of  membrane fouling by keeping the fouling 
potential of  the feed water to a minimum. This can be achieved by 

pre-treating the feed water before it enters into the RO membrane 
modules. Some examples of  pre-treatments are as follows:

   1. Removal of  large particles using coarse strainer. For smaller 
particles, microfiltration is used. 

   2. Ultrafiltration membranes can also be used for preventions 
from SDI, Turbidity, small unit micro-organism. 

 
   3. Water disinfections with chlorine or using the UV light. 

   4. Clarification and hardness removal using lime

   5. Addition of  anti-foulant chemicals.

To ensure optimized performance of  the full-scale RO system, 
the pre-treated feed water must satisfy the requirements set by the 
plant operators. For example, to reduce the potential of  organic 
fouling, designers can limit the total organic carbon (TOC) at 
3 mg/L, biochemical oxygen demand (BOD) at 6 mg/L, and 
chemical oxygen demand (COD) at 8 mg/L. SDI is widely used to 
determine the potential of  colloidal/suspended fouling. Generally, 
the maximum allowable SDI of  the feed water is about 5 or less.

Membranes Cleaning of CIP (Cleaning in 
Process)

Membrane cleaning is a direct method to alleviate membrane 
fouling by restoring the permeability of  RO membranes. 
Membrane cleaning is an important part of  full-scale RO 
operation, without which an early plant failure may occur or 
frequent replacement of  membranes may be required. The 
membrane cleaning efficiency is affected by numerous factors, 
including the types of  cleaning agents, types of  foulant, chemical 
dosages, frequency of  cleaning and contact time. The efficiency 
of  membrane cleaning and its effects on the performance of  full-
scale RO process are usually evaluated from past experiences or 
through pilot studies.

As a guide, cleaning is usually done when there is a 10% decrease 
in water production at constant operating conditions, or a 10% 
increase in the driving pressure to maintain the same production 
at constant temperature, or an increase of  15–20% in the 
pressure differential between feed and reject flows. In full-scale 
RO processes where spiral-wound membrane modules are the 
predominant membrane configuration, membrane cleaning is 
commonly done with chemicals.

Chemical cleaning is generally divided into low and high pH 
cleanings, which are used to remove inorganic and organic 
foulants, respectively. Cleaning agents are categorized into 
strong/weak acids and bases, as shown in the chart given below.

In practice, both inorganic and organic fouling occur together 
and membrane cleaning usually starts off  with acid cleaning to 
remove inorganic scale or soluble colloidal materials, before the 
membranes are subjected to high pH cleaning to remove any 

remaining insoluble inorganic colloidal material, organic material 
and/or biological organism

Challenges for RO Membranes

Since RO membranes were first used in water and wastewater 
treatment, membrane fouling has emerged as one of  the most 
serious obstacles to the technology. Scientists and engineers in 
this field have worked for decades to mitigate membrane fouling. 

Image source: https://www.researchgate.net/
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Although many pre-treatment processes and membrane cleaning 
techniques are invented, membrane fouling has not been totally 
eliminated and still remained as the major threat of  RO processes.
One of  the reasons for ineffective efforts on membrane mitigation 
and control is the lack of  effective fouling characterization 
methods. There are two obvious shortcomings in current 
fouling characterization the commonly used SDI and related 
indices are inadequate to include all possible foulants and fouling 
development in a full-scale RO process is not quantitatively 
related to the fouling indices. Therefore, SDI and related indices 
cannot be used as a rigorous parameter in process design. Pilot 
tests usually have to be conducted for observation of  fouling 
development in the full-scale RO processes to generate the 
needed design parameters in fouling mitigation and control. The 
duration of  pilot test may take months or over a year to obtain the 
meaningful information. However, because pilot tests are usually 
costly and time consuming, only limited scenarios can be tested 
and evaluated.

Hence, the information obtained for fouling characterization is 
quite limited and incomplete. A quick, cost-effective, and reliable 
method for fouling characterization is therefore the key to a 
successful fouling control.

Challenges for Ultrafiltration membranes

UF membranes are different membranes from the RO 
membranes. Numerous polymers, including poly (ether 
sulfone) (PES), poly-sulfone (PSF), poly (vinylidene difluoride) 
(PVDF) and polyacrylonitrile (PAN) are commonly used for 
UF. PVDF Properties such as a good mechanical strength and 
physicochemical stability, excellent film-forming properties, 
stability over a wide range of  pH, and thermal stability (high glass-
transition temperatures) make these polymers good membrane 
materials. UF membranes are the separating process of  extremely 
small suspended particles and dissolved macromolecules (surface 
pore size range = 50 – 1 nm) that passes them through the 
membranes

Fouling in UF membranes causes a build-up material on the 
surface of  the membrane. UF membranes foul external and 
internal from both sides. Fouling may cause irreversible loss of  
the permeability of  a membrane. The different types of  organic 
matter or organic matrix can cause different degrees and forms 
of  UF membranes fouling. The foulants does not only physically 

interact with the membrane surface, but also chemically degrade 
the membrane material.

Despite the enormous applications of  UF membranes in various 
fields, their permeability and selectivity deteriorate over time 
because of  an accumulation of  solids, suspended particles, 
colloids and bacteria on the membrane surface and within the 
membrane pores; this is known as membrane fouling. Fouling is 
the deposition of  retained particles, colloids, macro-molecules, 
salts, biomolecules and so on. 

Fouling reduces the membrane flux either temporarily or 
permanently. The main mechanisms of  fouling are:

   • The adsorption of  partially rejected matter within the 
membrane pores (pore constriction.

   •  The plugging of  individual pores by particles similar in size 
to the pores (pore blocking.

   • The accumulation of  completely rejected particulate matter 
on top of  the membrane surface also (cake formation).

   • Fouling is due to the overall effects of  concentration 
polarization, adsorption and cake layer deposition. 

The fouling phenomenon is caused by the interaction between 
the membrane surface and the foulants, which include inorganic, 
organic and biological substances in many different forms. 
Colloidal particle like NOM physically interact with the membrane 
surface, but also chemically degrade the membrane material. 

Ultrafiltration membranes have wide uses of  applications for 
water and wastewater treatment. Different applications have 
different types of  foulants.

Recently we faced a serious fouling issue in UF membranes. The 
application is the reuse of  industrial wastewater and industry is 
basically the “silicate processing” industry. 

The treated wastewater has SiO2, Na2SiO3 from 140 ppm to 
200 ppm in rage. The temperature of  the treated water is approx. 
45oC. They are doing aeriation to maintain the dissolve oxygen 
in the water and treatment scheme is – Treated Effluent >> 
Cartridge Filter >> UF Membranes >> High recovery RO. 

After a certain time, UF train flow has decreased by up to 90% 
and pressure increase up to 10 times. We have tried to clean the 

UF membranes with the different chemicals. After analysis of  
foulant, we found that the fouling is because of  Na2SiO3. 

We have changed the CIP chemical and do the shock treatment 
of  0.1 % of  HF acid. UF membranes have recovered with their 
original flow at the designed pressure.

Challenges for Membrane Bio-Reactor (MBR)

MBR is basically combination of  Ultrafiltration and microfiltration 
process along with biological wastewater treatment process. This 
is the best technology for treatment of  domestic wastewater. 
Now-a-days, it is widely used for municipal and industrial 
wastewater treatment. 

A typical image of fouled hollow fibre ultrafiltration membrane

A typical process of a MBR process system

Biological treatment process is very important for using the MBR 
membranes. Biological treatment (or biotreatment) processes are 
those which remove dissolved and suspended organic chemical 
constituents through biodegradation, as well as suspended matter 
through physical separation. Biotreatment demands that the 
appropriate reactor conditions prevail so as to maintain sufficient 
levels of  viable or living micro-organisms (or, collectively, 
biomass) to achieve removal of  organics. The latter are normally 
measured as biochemical or chemical oxygen demand (BOD or 
COD, respectively); these are indirect measurements of  organic 
matter levels since both refer to the amount of  oxygen utilized 
for oxidation of  the organics. The micro-organisms that grow on 
the organic substrate on which they feed generate cellular material 

70    Water Today - The Magazine  June  2020 Water Today - The Magazine  l    June  2020    71



from this organic matter, and can be aerobic (oxygen-dependent) 
or anaerobic (oxygen-independent). They are subsequently 
separated from the water to leave a clarified effluent that has a 
reduced level of  organic matter.

The major issue in MBR is clogging of  physical particles. Clogging 
is the agglomeration of  solids within or at the entrance to the 
membrane channels. Whilst this is to be clearly distinguished 
from membrane surface fouling regarding both its mechanism 
and amelioration, the impact of  both fouling and clogging 
is identical in that both are manifested as a decrease in the 
membrane permeability. However, whereas fouling can generally 
be substantially removed through the application of  an in situ 
chemical clean, i.e. cleaning in place (CIP), this course of  action 
is not necessarily effective against clogging since in this case the 
materials are physically lodged between the membrane surfaces 
rather than coated onto them. Severe clogging is generally only 
countered by removal of  the membrane from the tank and 
cleaning the membrane modules individually with a low-pressure 
hose. Such a level of  manual intervention risks compromising the 
integrity of  the fibres and MBR sheet.

A large number of  things can lead to a diminution in flux or 
permeability. Generally, it is change in the feedwater flow and/
or quality, or that of  the sludge directly, which causes changes 
in permeability. This includes temperature, hydrophobicity 
(possibly from FOG in the feed) and shock loads of  salinity 
or toxic chemicals which may promote EPS generation. Other 
factors impacting on permeability through EPS concentration 
include a high F/M ratio and low DO concentration. The extent 
of  potentially onerous colloidal fouling can be assessed through 
a comparison of  permeate and supernatant COD, from standard 
centrifugation, which gives a measure of  the levels of  fine 

Typical pictures of clogged / fouled MBR elements (Hollow Fiber & Flat Sheet)

flocculant materials and colloidal particles in the sludge, which are 
retained by the membranes, leading to membrane pore plugging. 
Such fouling may be ameliorated by chemical cleaning, but in 
such instances, it is better to identify the root cause.

In general, surface membrane fouling is a greater operational 
impediment in industrial effluent treatment than in municipal and, 
also in most cases, is ameliorated primarily by chemical cleaning. 
The plethora of  research into membrane foulant (and specifically 
extracellular polymeric substances or EPS) characterization in 
municipal wastewater treatment has arguably done little to inform 
actual operation and maintenance of  full-scale plant. Generally, 
for these applications the use of  a combination of  cleans based 
on hypochlorite, sometimes adjusted to an alkaline pH, and 
citric acid, or occasionally oxalic acid and in either case often 
supplemented with mineral acid. Any departure from this practice 
can generally be attributed to clogging, when greater intervention 
is required, constraints on waste discharge, when hydrogen 
peroxide may be used instead of  sodium hypochlorite, or changes 
in wastewater quality. 

For industrial applications the range of  candidate cleaning 
chemicals is more extensive, and may include detergent and 
chelating or anti-scaling chemicals at a pre-defined temperature 
and duration of  application. Thus, whilst the use of  hypochlorite is 
almost ubiquitous in MBR membrane cleaning, it is not necessarily 
the most effective reagent for some industrial applications where 
more foulant appraisal may be required, particularly for more 
challenging effluents and/or unusual membranes.

The protocol of  a clean place can, in the case of  HF membranes, 
involve repeated short backflush intervals (or pulsing) hence, 
resemble a chemically enhanced backflush. The sequence 

of  cleaning agents is usually (alkaline) hypochlorite followed 
by organic acid, and is particularly prevalent for municipal 
wastewater treatment. This arises because it is generally 
considered that finishing with an alkaline cleaner can promote 
precipitation of  metal hydroxides and carbonate salts, and as such 
the acid clean should always follow an alkaline clean for waters 
containing significant concentrations of  scaling compounds. 
However, reversing the sequence has been shown to be effective 
at some sites or for some membrane products. Maintenance 
cleaning is applied regularly, often twice weekly for HF systems, 
and it is nearly always more effective to employ both reagents 
consecutively on every clean, rather than alternating between 
cleans. For FS systems, with no maintenance cleaning, recovery 
cleaning is usually applied based on a set threshold pressure, but 
also time limited if  extended operation without reaching the 
threshold pressure is encountered. The cleaning frequency is then 
generally between quarterly and annually.

Other components of  the system may also require cleaning; 
aerator flushing with sludge is normally conducted according 
to the manufacturer’s recommendations, the standard frequency 
being daily and for each start-up of  the blower for flushable 
centipedal or ring aerators typically used for FS systems. This 
is essential to remove any sludge which might otherwise collect 
inside the aerators and dry out in the air flow to form a tenacious 
solid residue. For HF systems using cyclic aeration, aerator 
flushing is not considered necessary. Another important issue 
is the management of  the chemical waste stream generated 
from chemical cleaning, and recovery cleaning in particular. 
For maintenance cleaning, provided the total load of  sodium 
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hypochlorite exerted is not too large relative to the bioreactor, 
it can be flushed into the mixed liquor (through displacement 
with permeate) and consumed by it without sacrificing significant 
biomass activity. 

This can generate EPS as a consequence of  stresses imposed on 
the biomass, but this is generally not significant. In the case of  
recovery cleaning, where membranes are soaked in tanks filled 
with more concentrated cleaning reagent, the quantities of  reagent 
involved are much larger. In such cases the chlorine residual can 
be quenched by dosing it with some of  the sludge which has been 
displaced by the cleaning reagent. 

The spent waste reagent must then be disposed of  appropriately, 
normally to the head of  works. If  quenching with sludge is 
not appropriate then chemically de-chlorination with alkaline 
bisulphite solution may be necessary before returning the spent 
solution to the head of  works. Notwithstanding the general 
guidelines provided, the control system should provide sufficient 
flexibility to allow different cleaning reagent concentrations and 
cleaning sequences to be applied. It can also be advantageous to 
study the impact of  the head of  sludge or water in the tank, since 
this imposes a back pressure which can influence the cleaning 
efficacy.
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The global industrial filtration market size is expected to grow from an estimated 
value of USD 29.5 billion in 2020 to USD 41.1 billion by 2025, at a CAGR of 
6.9% from 2020 to 2025. The growth of this market is driven by strict government 

regulations to eliminate air and water pollution. The demand for the treatment of 
industrial waste and the requirement of a safe working environment in industrial facilities 
also expected to increase the demand for industrial filtration.

Currently, pharmaceuticals are expected to grow at the highest CAGR during the 
forecast period. This industry uses filtration for the removal of suspended particles 
and to reduce bacteria in-process components. Filtration helps in protecting process 
solutions from contamination when stored in tanks. Removal of suspended particles 
and bacteria from water is expected to drive the pharmaceutical industry.

North America is the largest market for industrial filtration. The region has been 
segmented by country into the US, Canada, and Mexico. The demand for industrial 
filtration in this region is driven mostly by the manufacturing, oil & gas, power generation, 
pharmaceutical, metal & mining and process industries. It is the largest market for 
industrial filtration during the forecast as it is the second-largest producer of crude oil 
which generates waste, which is needed to be treated. Manufacturing is the largest 
sector globally as they increase the operational life of machines and equipments. 
Moreover, this region also houses some of the major manufacturers who continuously 
focus on R&D to innovate new technologies.

The leading players are trying to establish themselves in the markets in developing 
economies and are adopting various strategies to increase their respective market 
share.

To enable an in-depth understanding and the best current technology in support of 
a cleaner environment of this competitive landscape, this issue includes researched 
articles and case studies that allow individuals and industries to take great leaps 
forward in an ever-evolving and sustainable world.

Enjoy Reading. 

Naina Shah
Editor
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