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Editor’s Note

R E N U  T O M A R
(Editor-in-Chief)

SECURING WATER FOR ALL

For nations with high populations, achieving water security is more challenging. One of them is India, 
which has more than 18% of the global population but only 4% of the world’s renewable water. India’s 
population, urban regions, water-dependent industries, and agriculture are all growing quickly along 
with the country’s economy. In India, there are already problems with water contamination, scarcity, 
groundwater depletion, unfair distribution, and unavailability.

Due to a growing supply and demand imbalance, inadequate water resource management, climate 
change, and other factors, India is currently experiencing a severe and ongoing water crisis. By 2050, 
India is expected to experience severe water stress. 

To guarantee a steady supply of water for agriculture in rain-fed areas, the Government of India has 
given watershed development major priority. The catchment area of a basin is taken into account as 
a unit under the watershed development programme, and efforts are made to capture rainwater by 
treating the land from the ridge to the valley. To conserve soil and water and increase crop yields and 
groundwater levels, it is projected that over 63% of the cultivated lands in rain-fed areas need to be 
included in watershed development. By the end of the tenth five-year plan, the watershed development 
initiative, which was first implemented nearly three decades ago, had covered approximately 51 million 
acres. During the Eleventh Five Year Plan, an additional 36 million acres were created as part of the 
watershed development initiative.

For India to prosper, water security needs to be improved. A significant imbalance between supply and 
demand is anticipated in the upcoming years as India’s overall water demand is predicted to increase 
by over 70% by 2025. This could have a severe negative impact on economic growth. Another major 
worry is the frightening rate of groundwater depletion. It has to be resolved soon.
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Rs 605 crore drinking water project announced for 
Radhapuram constituency

A significant drinking water project for 605.75 crores has been approved 
by the State government for the Radhapuram seat, which is represented 
by Speaker M. Appavu. It is anticipated that it will help 831 homes.

Shiv Das Meena, secretary of municipal administration and TWAD 
Board, wrote to Appavu in response to his request for the government 
to implement two significant drinking water schemes in his electoral 
district. He stated that the ninth State-level Jal Jeevan Mission meeting, 
held at the Secretariat, had approved the drinking water scheme that 
would benefit 360 villages in the Radhapuram (179 villages) and Valliyoor 
(181 villages) unions. The State government then granted the necessary 
administrative sanction, enabling the project to be put out to bid.

5 villages under Kavalkinaru and Vadakkankulam village panchayats 
would get drinking water from this project. Infiltration wells would be 
sunk near Kannimarathoppu check-dam near Panagudi. “This project 
cost will be Rs 16.23 crore.

The pipes carrying drinking water to the coastal hamlets in his constituency 
from Ponnankurichi infiltration wells sunk in the Tamirabharani were 
being damaged near Kaalvaai village for taking water illegally. Hence, 
these drinking water pipes would be realigned via another route for 
reviving this project.

Moreover, minor drinking water projects and construction of overhead 
tanks and ground-level sump in three existing drinking water schemes 
have also been sanctioned for Radhapuram segment.

WAPCOS ranked among the top consulting firms in 
the water and other infrastructure sectors by ADB
The Asian Development Bank (ADB), in a study on annual procurement, 
ranked WAPCOS as the top consulting services firm in the water and other 

infrastructure sectors, with the highest sanctioned financing amount. 
WAPCOS is a Government of India Enterprise under the Ministry of Jal 
Shakti.

In a different report on its Members’ Fact Sheet - 2022 that the ADB 
published, WAPCOS was listed as one of the Top 3 Indian Consultants 
engaged in Consulting Services Contracts under ADB Loan, Grant, and 
Technical Assistance Projects in the Energy, Transport, and Water, as 
well as Other Urban Infrastructure Sectors. The only Indian public sector 
company listed in the aforementioned categories is WAPCOS.

In the areas of water resources, power, and infrastructure development, 
WAPCOS is a top engineering, procurement, and construction (EPC) firm 
that is technology-driven.

In addition to India, the Company has successfully completed or is 
currently doing consulting contracts in more than 51 countries across 
Asia, Africa, the CIS, the Pacific Islands, and South America.

NMCG Executive Committee Approves Rs 2700 Crore 
Projects to Develop Sewerage Infrastructure in the 
Ganga Basin
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G. Asok Kumar, Director General of the National Mission for Clean Ganga 
(NMCG), presided over the 46th meeting of the Executive Committee of 
the NMCG. Twelve of the authorised projects - totaling more than Rs. 
2700 crore - related to the construction of sewage infrastructure in Uttar 
Pradesh, Bihar, Jharkhand, and West Bengal. Afforestation programmes 
for Uttarakhand and Bihar were also approved for the years 2022-2023, 
with an estimated cost of Rs 42.80 crore. These programmes aim to 
create an environment that is conducive to managing ecosystems that 
are resilient to climate change and are sustainable, with a focus on 
community participation.

The construction of three sewage treatment plants (STPs) with capacity 
of 10 million litres per day (MLD), 11.60 MLD, and 3.5 MLD has been 
permitted as part of a large project in West Bengal for the rejuvenation of 
the River Adi Ganga, a tributary of the Ganga, in Kolkata.

Three projects with a total of Rs 475.19 crore were approved in Uttar 
Pradesh, one of which being the construction of sewer infrastructure in 
Prayagraj. The Prayagraj project calls for the building of a 90 MLD STP, 
as well as a co-treatment plant for 20 KLD of faeces, a 90 MLD effluent 
station, interception and diversion work, etc.

Construction of a 50 MLD STP, I&D works, etc. at Loniapurva, Lucknow 
for the River Gomti is expected to cost Rs 264.67 crore, and a 24 MLD 
STP, I&D works, etc. at Hathras town for the Rivers Sengar and Karwan is 
expected to cost Rs 128.91 crore.
In Bihar, one project for each of the towns of Daudnagar and Motihari, 
with estimated expenses of Rs.42.25 and 149.15 crore, respectively, has 
been approved. It is planned to build four STPs with capacities of 4.6, 6.3, 
5.8, and 6.3 MLD in Motihari and a 10.50 MLD STP with I&D works in 
Daudnagar. Four cost-enhancing projects were also approved in Bihar.

In the 46th EC meeting, a significant project in Jharkhand was also 
approved.

Regulations on the Use of Treated Wastewater
The National Water Policy-2012 mandates treatment of waste water to 
certain criteria prior to reuse and promotes recycling and reusing water 
as a general norm. It offers a carefully thought-out tariff system to 
encourage the reuse of treated water in a variety of businesses, including 
manufacturing, agriculture, and other uses. It states that after primary 
treatment, it should be encouraged to reuse urban waste water from 
bathrooms and kitchens in toilets while making sure there is no human 
contact.

The Department of Water Resources, River Development, and Ganga 
Rejuvenation has also adopted a National Framework on Reuse of Treated 
Waste Water. The framework will serve as a roadmap for the States as 
they develop and implement their reuse water policies in a time-bound 
way.

As part of the framework, a draught policy template has also been created 

to assist the respective State Governments in developing a reuse strategy.

A component of the Arth Ganga activities, which are being carried out as 
part of the Namami Gange programme, includes the monetization and 
reuse of treated waste water for industrial and agricultural uses. Under the 
Arth Ganga component, several interventions are taken into consideration 
for the reuse of treated waste water by entering into MoUs with various 
Ministries/Departments/PSUs and putting those actions plans into action.

The Power Tariff Policy 2016 from the Indian government also requires all 
thermal power plants to utilize treated sewage water from STPs within a 
50-kilometer radius for non-potable uses.

As part of the framework, a draught policy template has also been created 
to assist the respective State Governments in developing a reuse strategy.

A component of the Arth Ganga activities, which are being carried out as 
part of the Namami Gange programme, includes the monetization and 
reuse of treated waste water for industrial and agricultural uses. Under the 
Arth Ganga component, several interventions are taken into consideration 
for the reuse of treated waste water by entering into MoUs with various 
Ministries/Departments/PSUs and putting those actions plans into action.

The Power Tariff Policy 2016 from the Indian government also requires all 
thermal power plants to utilize treated sewage water from STPs within a 
50-kilometer radius for non-potable uses.
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UN recognizes Namami Gange Initiative as one of the 
top 10 global restoration initiatives
The Namami Gange effort to restore India’s revered River Ganga has 
been named one of the top 10 World Restoration Flagships to restore the 
natural world by the United Nations (UN). On December 14, 2022, World 
Restoration Day, G. Asok Kumar, Director General of Namami Gange, 
accepted the award at a ceremony held in conjunction with the 15th 
Conference of Parties (COP15) to the Convention on Biodiversity (CBD) in 
Montreal, Canada. 

Namami Gange was chosen from among more than 150 similar projects 
from more than 70 nations.

They were chosen as part of the UN Decade on Ecosystem Restoration, 
an international initiative coordinated by the UN Environment Programme 
(UNEP) and the UN Food and Agriculture Organization (FAO). It is 
intended to stop and stop the global deterioration of natural areas. The 
acknowledged programs - including Namami Gange - are now qualified 
to receive UN assistance, finance, or technical know-how.

“The recognition of Namami Gange as one of the top 10 ecosystem 
restoration initiatives in the world bears testimony to the concerted 
efforts being made by the National Mission for Clean Ganga, Government 
of India for the restoration of the riverine ecosystem,” said G. Asok Kumar, 
Director General of Namami Gange.

The UN Decade on Ecosystem Restoration Youth Task Force organized 
a workshop in Montreal, Canada, where Kumar also took part. Shri 
Kumar thanked the World Restoration Forum, the Food and Agriculture 
Organization (FAO), and the United Nations Environment Programme 
(UNEP) for honouring India by choosing Namami Gange as one of the top 
10 restoration programmes on behalf of the country’s 1.35 billion citizens 
and Prime Minister Shri Narendra Modi. 

As India has assumed the G20 group of nations’ Presidency, this has 
come at a very advantageous time for us. When assuming the presidency, 
our Prime Minister reaffirmed his dedication to the preservation of the 
environment under the slogan “One Earth, One Family, One Future” in the 
genuine vein of Vasudhaiva Kutumbakam.
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academic experience in water and wastewater 
engineering. He has a Ph.D. in Environmental 
Engineering from the University of Massachusetts, 
USA with a specialization in the commercialization 
of technologies, and an MBA in Global & Energy 
from BI, Norwegian Business School. He has 
worked on a host of environmental technologies 
and has written several peer-review publications, 
patents, conference proceedings, white papers, 
and technical reports.

WASTE TO WORTH – NOT JUST A CONCEPT OR MINDSET: 

SHOWCASING DECADES OF EXPERIENCE FROM 
A SLUDGE MANAGEMENT PERSPECTIVE

Dr. Ashish K Sahu
Marketing Manager, Cambi

India, home to about 1.35 billion people, 
will soon be one of the few emerging 
economies with the largest number of 
Greenfield municipal sewage treatment 
plants (STPs) in the coming years. Just 
for the year, 2021 estimates were to build 
1600 municipal STPs. This development is 
great news for both the environment and the 
health of its citizens. Many current STPs in 
major cities are due for an upgrade because 
of the increasing trend in urbanization 
and new stricter discharge regulations. 
Domestic wastewater, which originates from 
households and commercial facilities, is no 
longer considered “waste” as innovation 
has the means to convert the materials in 
the wastewater into resources. One would 
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Harald Kleiven is currently the Business Unit Director 
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sales of other Cambi projects. Kleiven has a Master of 
Science degree from the London School of Economics 
and Political Science, LSE, UK, and Bachelor of Arts from 
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Harald Kleiven
Business Unit Director 
Emerging Markets, Cambi

think, how can humans flushing matter down 
the toilet be of worth? This article will shed 
some light on these facts with examples from 
technology with three decades of experience. It 
will also note some of the trends in wastewater 
reuse, decarbonization, and resource recovery, 
the need of the hour for India.

Wastewater and sludge treatment: A 
brief introduction
Barely any of us really think about or are 
bothered by what happens to what we flush 
down the toilet. In some cases, this matter, 
called sewage (wastewater), is pumped to 
a nearby STP for further treatment before 
being discharged to a local water body. About 
30% of the sewage in India is connected to a 
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network for further treatment. In other cases, households have septic 
tanks, which collect the sewage over a period of time and later need 
emptying and cleaning depending on the capacity of the tank. Sewage 
is a mixture of complex substances like urine, faeces, grit, etc., which 
require a combination of physical, chemical, and biological processes for 
its treatment before it is discharged. If the resulting treated water is of 
a specific quality, it can be reused for purposes such as toilet flushing, 
gardening, agriculture, etc. This is, however, only half the story when 
wastewater is treated. 

The other half is the creation of sludge, which is a by-product of 
wastewater treatment. Sludge comprises solids and complex materials 
that originate from wastewater treatment through primary and 
secondary treatment processes that are mainly biological in nature. 
Treatment of sludge typically accounts for roughly 50% of the operational 
expenditures (OPEX) for any STP. Sludge after treatment is termed 
“biosolids”. Biosolids management is a subject on its own and many 
STPs fail to oversee this, and changes in regulations and drivers often 
result in problems for municipalities once STPs are in full operation.

The typical route to managing sludge has been either stabilization 
or thermal treatment followed by disposal. Stabilization comprises 
processes like composting, anaerobic digestion, and liming, while 
thermal processes include incineration, pyrolysis, and drying. Disposal 
methods can be landfilling, applying stabilized sludge on land for 
agriculture, reuse of materials in other industries like cement, etc. Each 
of these treatment processes and disposal methods has its pros and 
cons from an expenditure perspective. CAPEX, OPEX (energy costs, labor 
requirements, disposal costs), and even operational challenges (special 
labor needs, transport, and handling of biosolids) need to be taken into 
account. 

Thermal processes have been deemed energy-intensive and very 
expensive to build and operate that so many STPs have opted for a 
more sustainable way of treatment which is stabilization. Some of 
the important factors to consider when opting for stabilization include 
how large or small the STP is, the characteristics of the sludge to be 

treated, and the processes used for wastewater treatment. This article 
discusses the most widely applied sludge management strategy using 
the sludge stabilization method i.e. Anaerobic Digestion (AD). AD process 
technology over the years has innovated itself by combining disruptive 
technologies like thermal hydrolysis process (THP) as pre-treatment 
followed by anaerobic digestion (AD) (Barber, 2020). Such treatment is 
often referred to as, Advanced Anaerobic Digestion (AAD).

Drivers for sewage sludge treatment 
Disposal through landfills has its limitations as land availability is a 
scarce resource, especially in India. Many times, there are low to no 
tipping (gate) fees for disposal. So STPs can forego stabilization and 
send their biosolids cake for drying followed by landfilling or free 
distribution to farmers. In Europe and other countries, the gate fees have 
shot up as land is becoming less available and transporting biosolids 
an expensive affair. Rising gate fees and the establishment of carbon 
footprint requirements for transport are also important trends tied to the 
circular economy approach.  

The same scenario is yet to hit India in a big way since many of these 
STPs are under construction and will take time to operate fully. The 
life of an STP typically goes over 30 years, and regulations and drivers 
will change with the changing population, the local climate change 
directive, energy availability, and other factors. Once in full operation, 
however, the production of sludge will take place instantaneously, and 
its management cannot be thought of as a last-minute action point. In 
addition, once high tipping fees come into place, the STPs will have to 
shift to innovative ways to implement a biosolids management strategy. 
Labor and transport fuel are bound to get expensive due to inflation over 
the years, so lowering the cost of transporting biosolids will be on every 
utility’s/municipalities agenda. In a nutshell, the key to having a good 
biosolids management strategy is making sure the following drivers are 
planned for upfront:

 � Asset optimization
 � Circular economy
 � Carbon footprint 
 � The following section discusses how the thermal hydrolysis process 

followed by anaerobic digestion (THP+AD) presents solutions for 
these drivers in sludge treatment.

THERMAL HYDROLYSIS AND ANAEROBIC DIGESTION 
Asset Optimization
Several studies have indicated that the use of THP + AD has resulted 
in fewer anaerobic digesters by 1/3rd compared to any conventional 
AD setup. THP, with the help of steam, breaks down the complex 
sludge, especially waste-activated sludge (WAS). It also speeds up 
the hydrolysis step in the conventional AD process, which is the rate-
limiting step. The use of THP results in higher loading of the digesters, 
enabling the treatment of more sludge, lower sludge retention times, and 
hence, less number of digesters to be built and operated. This results in 
space savings for greenfield digesters and an increase in capacity to 
treat higher loads in brownfield projects. A good example of this effect 
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of AAD is demonstrated by the utility DC Water. Details of the case study 
are available from Sahu et al., 2022 and Barber, 2020.

Several treatment plants in the US also used Zimpro technology (wet 
air oxidation process) for biosolids management. This infrastructure is 
now being replaced with THP+AD while utilizing some of the remaining 
equipment and systems (Childress et al., 2019; Barber et al., 2022), a 
good example of asset optimization. 

Another example is based on combining food waste (organic household 
and commercial garbage) with sewage sludge using THP+AD. There 
are several advantages to this from an asset optimization perspective: 
it makes use of the spare capacity of current anaerobic digesters to 
produce more biogas, it has a good balance of carbon to nitrogen ratios 
in the existing anaerobic digesters, and it uses the current infrastructure 
to solve another waste problem besides sewage sludge. Several 
municipalities around the world have implemented this as shown in the 
table below:
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Name of Plant Location Completed

Design 
capacity 
(tons Dry 
Solids/

day)

% 
Sewage 
sludge

% Organic 
Waste

Sundet Vaxjo, Sweden 2014 26 70 30

Ivar
Stavanger, 

Norway
2014 36 35 65

Bakdal
Anyang, South 

Korea
2016 76 85 15

Mjøsanlegget
Lillehammer, 

Norway
2016 30 10 90

Luoqui
Chongqing, 

China
2019 297 15 85

Ecopro
Verdal, 
Norway

2008, 
upgraded 

2022
24 60 40

Table 1. Summary of the different CambiTHP plant capacities and percentage 
of raw sludge and organic waste for anaerobic co-digestion

Circular Economy
THP+AD advances the circular economy model by ensuring that the 
biosolids produced at the end of the process are of exceptional quality. 
In the United States, treating sludge with THP+AD results in Class A 
biosolids (USEPA, 1994) that can be sent back to nature. Basically, the 

biosolids can be land applied directly or can be blended with soil to 
act as a soil conditioner. The biosolids produced are pathogen-free and 
have little to no odor, not attracting vectors like insects. There is a huge 
change in the texture and the nature of the biosolids, which can also be 
handled directly and easily by humans. 

Several utilities/municipalities around the world are implementing 
THP+AD for their biosolids management strategy. The utility in 
Aberdeen-Nigg, UK, land applies its biosolids for agricultural purposes 
using tractors after sludge treatment (Cambi Factsheet, 2022). The 
quality of Class A biosolids restores carbon to the soil and the crop yield 
has been found to be better than commercial fertilizer over a period of 
time, as witnessed by Agrimann in South Africa. DC Water, in Washington 
DC, USA, decided to brand Class-A biosolids to produce a product 
called Bloom (bloomsoil.com), which is also available commercially for 
gardening and has been used for beautifying the surrounding parks, 
eliminating the problem of landfills.  

Carbon footprint 
Lowering carbon footprints has been an important global topic recently 
reinforced at the 26th Conference of the Parties (COP 26). Climate change 
creates pressure on municipalities to reduce their carbon production. 
Sludge production contributes significantly to a utility’s carbon footprint 
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as large amounts need to be transported to a nearby field for either 
landfilling or land application. THP+AD usage results in lower volumes 
of high-quality biosolids compared to conventional digestion (Graja et 
al., 2005), as seen in an example of a utility in Athens, Greece. A lower 
quantity of biosolids means smaller amounts to transport and, therefore, 
lower carbon production. Independent studies over the years have 
shown that AAD has the smallest carbon footprint compared to other 
Class A treatment technologies. 

The use of THP+AD has resulted in the following outcomes (Barber, 
2009):

 � Lower volume of high-quality biosolids
 � Less energy is needed for thermal processing
 � More renewable energy
 � New disposal routes

Figure 1. The carbon footprint of various Class A technologies 

Another benefit of using THP+AD is the increased production of biogas. 
Biogas can be used as liquified biogas (LBG) fuel to run public transport, 
such as is implemented in cities like Oslo, Norway. Biogas can also be 
used for the production of electricity. The electricity can also be recycled 
back to the utility to run its other unit operations, which will result in 
lower electricity and energy costs. This is done by Thames Water Utility, 
UK, as an example. Many more utilities worldwide, ranging from medium 
to very large plants, do the same (Barber et al., 2022; Barber, 2020). 

A desktop study for India showed that the sludge of 25 crore Indian 
citizens could produce electricity for about 15 lakh households using 
THP+AD. It can also fuel 9 lakh CNG vehicles, thus replacing 4.5 TWh 
of natural gas imports. Currently, that sludge either goes untreated or is 
being wasted. Such technology implementation can be a game-changer 
and address the needs for effective biosolids management.

Summary 
“Waste to Worth” can be achieved today with effective biosolids 
management by implementing the right technologies and strategies. 
Thermal hydrolysis process + anaerobic digestion is a proven 
technology and has shown this pathway over three decades, used by 
utilities/municipalities worldwide. In addition to its several advantages, 
it also addresses the three main drivers of asset optimization, circular 
economy, and carbon footprint. Many utilities overlook these points while 
framing their strategies since the focus typically is only on costs. Though 
cost is an important factor, it’s important to consider the lifecycle cost 
of STPs and examine the imminent drivers that will change regulations, 
and plant needs, and hence change the selection of technologies for 
biosolids management. Assets that are built with this technology last 
over 30 years and it’s vital to make an educated judgment with reference 
to other utilities.  
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Through our collaborative and efficient approach, we 
help our clients successfully innovate, increase revenue, 
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Non-Revenue Water (NRW) is the water loss that comes before the consumer from 
transmission mains. Non-revenue water (NRW) includes physical losses (pipe leaks) 
and commercial losses (illegal connections, unmetered public use, meter error, unbilled 
metered water, and water for which payment is not collected). NRW levels are high in 
many developing countries, and they can be expensive to reduce. High levels of NRW are 
detrimental to the financial viability of the utility as well as to the quality of water. NRW is 
thus calculated as the volume of water lost.

NRW (%) =
    ({System Input Volume (m3) -Billed Consumption(m3)} x 100%)

(System Input Volume (m3)

The total quantity of water in the world is roughly 1357.51 million cubic kilometers (Mkm3). 
About 97% of this water is contained in the oceans as saline water and only 37.5 Mkm3 
is fresh water. Out of this about 8.5 Mk m3 is both liquid and fresh and the remaining 
is contained in a frozen state as ice in the P Table solar Regions and on mountains tops 
and glaciers. Water demand is increasing day by day due to the increase in population, 
urbanization, agriculture, industrialization, etc. The groundwater table is falling rapidly 
throughout the world due to widespread over pumping using powerful pumps. More than 
2.6 Billion people – over 40% of the world’s population do not have access to safe drinking 
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water. Water Scarcity in India is widespread in 
all states.

NRW Levels in the World
The World Bank has estimated the total cost 
of NRW to utilities worldwide at US$14 billion 
per year. Reducing by half the current levels 
of losses in developing countries, where 
relative losses are highest, could generate an 
estimated US$ 2.9 billion in cash and serve an 

additional 90 million people.

Most available data on NRW levels are 

expressed in percentage terms, ranging from 
7% in Germany to more than 90% in Lagos, 
Nigeria. NRW levels are 10% in Denmark, 19% 
in England and Wales, 26% in France, and 29% 
in Italy.

In Asian large cities, NRW varies from 10% to 
60%. According to a report by the European 
Environment Agency NRW in Yerevan, Armenia 
was almost 80%.

NRW Levels in India
In developing countries, roughly 452 million 
cubic meters of water are lost daily with an 

Real losses are the 
physical losses from 
distribution systems, 
and include leakage 

and overflows of 
treated drinking 

water from storage 
reservoirs/tanks.
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economic value of over US$3 billion per year.

A World Bank study puts the global estimate of physical water losses 
at 32 billion cubic meters each year, half of which occurs in developing 
countries. Water utilities suffer from the huge financial costs of treating 
and pumping water only to see it leak back into the ground and the lost 
revenues from water that could have otherwise been sold. If the water 
losses in developing countries could be halved, the saved water would 
be enough to supply around 90 million people.

From the study-3 conducted in India, components of NRW are 1.5 to 
3.5% public use, 3.5 to 6.5% illegal/unmetered connection, 10 to 15% 
meter under registration, and 75 to 85% leakages. Almost all smart 
cities in India are concerned with the reduction of non-revenue water to 
achieve a 24X7 water supply scheme.

NRW Loss
NRW-related inefficiencies are displayed in the below diagram. It is 
called the Vicious NRW Cycle. The desired state is the Virtuous Cycle; 
this requires transformation as described below.

The challenge for water utility managers is to transform the Vicious Circle 
into the ‘Virtuous Circle’. In effect, reducing NRW releases new sources 
of both water and finances. Reducing excessive physical losses results 
in a greater amount of water available for consumption and postpones 
the need for investing in new sources. It also lowers operating costs. 
Similarly, reducing commercial losses generates more revenues.

Poor governance also affects NRW reduction. Utility managers often 
lack the autonomy, accountability, and technical and managerial skills 

necessary to provide reliable service. The utility’s management should 
also tackle organizational challenges, such as policy barriers, inadequate 
technical capacity, and aging infrastructure. Finally, poor project design 
hinders efforts to reduce NRW, particularly underestimating the required 
budget.

The Necessity of Water Loss Reduction
Every ULB’s aim is to reduce NRW and improve sustainability but the 
reduction in NRW also helps to reduce water losses which will be reduced 
future water scarcity. Water is a precious natural national resource with 
an almost fixed quantum of availability.

With continuous growth in the country’s population, per capita availability 
of utilizable water is going down, whereas with the ever-rising standard 
of living of people, all around rapid industrialization and urbanization, 
the demand freshwater is going up continuously. Unabated discharge of 
industrial effluents into water bodies is further aggravating the situation 
of scarcity of water of acceptable quality.

Reason Behind Non-Revenue Water
Water losses include the water volumes that do not achieve beneficial 
use or those cost utilities a portion of the revenue to which they could 
otherwise recover. Water losses in drinking water utilities occur as two 
distinct types.

Real losses are the physical losses from distribution systems, and 
include leakage and overflows of treated drinking water from storage 
reservoirs/tanks. Apparent losses are the non-physical losses that occur 
when water is successfully delivered to a water user but, for various 
reasons, is not measured or recorded accurately, thereby inducing a 
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degree of error in the amount of actual customer consumption. When 
apparent losses occur systematically in an appreciable volume, the 
aggregate measure of water consumption can be greatly distorted and 
cause significant revenue loss.

Water Balance
A water balance is based on measurement or estimation of system input, 
water produced, imported, exported, used and lost, etc. to quantify the 
revenue and non-revenue water in the water network.

Water balance is a useful tool to understand the hydrologic behavior of 
a study area. It also enables one to get an assessment of the quality of 
the data and detect discrepancies. Water balance can be carried out for 
a small area, e.g. a plot of a few square meters in the area to a large 
contingent of millions of square kilometers. The time of analysis can vary 
from a second to a year or more.

The definitions of the principal components of the IWA water balance 
are as follows:

 �  System input volume is the annual volume input to that part of the 
water supply system

 �  Authorized Consumption is the annual volume of metered and 
non-metered water taken by registered customers, the water 
supplier, and others who are implicitly or explicitly authorized to 
do so (e.g. water used in government offices or fire hydrants). It 

includes exported water and the leaks and overflows after the point 
of customer metering.

 �  Non-Revenue Water (NRW) is the difference between system 
input volume and billed authorized consumption. NRW consists of 
unbilled authorized consumption (usually a minor component of the 
water balance) and water losses.

 �  Water losses are the difference between system input volume and 
authorized consumption, and consist of apparent (commercial) 
losses and real (physical) losses.

 �  Commercial losses sometimes referred to as ‘apparent losses’, 
consist of unauthorized consumption and all types of metering 
inaccuracies

 �  Physical losses, sometimes referred to as ‘real losses’, are 
the annual volumes lost through all types of leaks, bursts, and 
overflows on mains, service reservoirs, and service connections, 
up to the point of customer metering.

 �  Non-Revenue Water
 Non-revenue water is the difference between the volume of 

water put into a water distribution system and the volume that 
is billed to customers. NRW comprises three components: 
physical (or real) losses, commercial (or apparent) losses, 
and unbilled authorized consumption.

 Physical losses comprise leakage from all parts of the system 
and overflow at the utility’s storage tanks. They are caused by 
poor operations and maintenance, the lack of active leakage 
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control, and the inferior quality of underground assets.
 Commercial losses are caused by customer meter under-

registration, data handling errors, and theft of water in 
various forms

 Unbilled authorized consumption includes water used by the 
utility for operational purposes, water used for firefighting, 
and water provided for free to certain consumer groups.

Reason Behind Non-Revenue Water
Water losses include the water volumes that do not achieve beneficial 
use or those cost utilities a portion of the revenue to which they could 
otherwise recover. Water losses in drinking water utilities occur in two 
distinct types.

Real losses are the physical losses from distribution systems and include 
leakage and overflows of treated drinking water from storage reservoirs/
tanks. Apparent losses are the non-physical losses that occur when 
water is successfully delivered to a water user but, for various reasons, 
is not measured or recorded accurately, thereby inducing a degree of 
error in the amount of actual customer consumption. When apparent 
losses occur systematically in an appreciable volume, the aggregate 
measure of water consumption can be greatly distorted and cause 
significant revenue loss.

Why Real Losses Occur?
Water that leaks from the water distribution system between source and 
customer occur in all utilities only the volume varies. The annual volume 
of leakage losses is the difference between the water supplied volume 
minus the sum of authorized consumption (billed and unbilled), apparent 
losses, and water lost to storage overflows. There are numerous types 
of leaks in water supply distribution systems, each with different typical 
ranges of flow.

Leakage in water distribution systems can be attributed to the following:
 �  Inferior or defective materials, whether of the pipes and jointing or 

in the bedding or support
 �  Pipe breaks resulting from poor workmanship or materials handling 

in pipe-laying unsupported lengths of pipe, stones in contact 
with pipes, no adherence to required joint gaps, poor backfilling 
of trenches, excessive joint deflection, plastic pipe exposed to 
sunlight during storage, and similar occurrences

 �  Operational errors excessive pressure, filling pipelines too rapidly, 
closing valves and/or hydrants too rapidly, incorrect operation 
(starting and stopping) of pumps, water hammer

 �  Corrosion is internal corrosion caused by aggressive water, external 
corrosion caused by insufficient protection of metallic materials 
from aggressive soils, groundwater, or stray electric current

 �  Seasonally induced stresses frost loading, soil expansion, thermal 
effects during extreme temperatures, including pipe expansion/
contraction due to winter cold water in the pipe (from surface water 
sources groundwater maintains a more constant temperature 
throughout the seasons)

 �  Poor quality of leak repair work

 �  Leaking fittings and appurtenances valves, air valves, saddles, 
hydrants, leaking stuffing boxes, drain or blow-off valves that are 
closed but passing water

 �  Accidental or deliberate damage to water mains, hydrants, or other 
appurtenances; heavy traffic loadings; or careless construction 
activity over shallow water mains.

 �  Changing stresses in the pipe environment: pipe installed in bygone 
eras met the design standards of the day. As fire protection became 
more important and systems grew, flow rates and pressure levels 
may have increased, placing greater loads on piping systems. 
Light vehicular traffic may have evolved to heavy truck traffic on 
roadways and greater stress on buried pipelines.

The total volume of leakage losses occurring in a particular water 
distribution system over a given period of time depends on:

 �  The operating pressure in the piping distribution system
 �  Whether the geology, soil type, and road cover material allow water 

to be visible at the surface
 �  The frequency and scope of active leakage control to detect, locate, 

and repair unreported leaks; and
 �  The integrity of the piping infrastructure and its degree of upkeep 

via best-practice rehabilitation and renewal programs.

The extent of the occurrence of leakage within a water utility depends 
on the

 �  Characteristics of the water distribution system;
 �  The importance attached to lose control by the water utility;
 �  The way in which the distribution system is operated and 

maintained; and
 �  Level of expertise and technology available within the utility.
 �
 � It is evident that there are many factors that influence the level of 

leakage occurring in a drinking water utility. These factors can be 
aggregated to three primary categories:

 �  The characteristics of the water distribution system
 �  The stresses produced in the local environment - weather 

extremes as well as traffic, soil conditions, etc.
 �  The level of proactive leakage management employed by the water 

utility

Why do Apparent Losses Occur?
Apparent losses occur as a result of inefficiencies in the measurement, 
recording, archiving, and accounting operations used to track water 
volumes in a water utility. These inefficiencies can be caused by 
inaccurate or improperly sized customer meters, poor meter reading, 
and lapses in the billing and accounting practices of the customer billing 
system. Apparent losses also occur from unauthorized consumption, 
which is caused by individual customers or others tampering with meters 
or meter reading devices, illegally drawing water from fire hydrants, and 
other causes. In some water utilities unauthorized consumption may be 
negligible, but in other systems, it could be a significant volume of loss. 
For any type of apparent loss, it is incumbent on utility managers and 
operators to realistically assess metering and billing inconsistencies, and 
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then develop internal policies and establish programs to economically 
minimize these inefficiencies. It is also important to clearly communicate 
with customers, governing bodies of the utility and municipalities, 
financing agencies, and the media about the problems of apparent 
losses and the need to control them.

The specific ways in which apparent losses occur vary greatly and, 
particularly with unauthorized consumption, are always changing. 
Individuals who purposely choose not to pay for water do so for many 
reasons. Some believe water should be free. Some do not believe that 
they have the financial resources to pay for the service, while others are 
always thinking of new ways to “beat the system.”

The water utility must, therefore, be vigilant in its effort to manage its 
product (water) via effective meter management and rational billing, 
collection, and enforcement policies to realize projected levels of 
revenue from consumption of water and to maintain accurate measures 
of the water that it supplies.

A note regarding collections: Not all customers pay their water bill as 
required nor pay their bill in a timely fashion. The collection rate is a 
financial performance indicator that reflects the rate at which customers 
pay their water bills. The collected payments are measured as a 
percentage of the money billed each month for the utility’s services. 
Collection rates at the 30, 60, and 90-day milestones are typically 
tracked to provide a representative picture of the customer population’s 
payment record. While the collection rate is a highly important measure 
that represents the pace at which revenue is gained by the water utility, 
collections are not included in the water audit methodology detailed in 
this manual. The collection rate measures payments based on billed 
consumption, whether or not all water has passed through customer 
meters or has been accurately measured. The water audit methodology 

has as its terminal boundary the customer meter, which generates the 
consumption data that is the basis for the customer billing. This manual 
provides utility guidance in maximizing the efficiency of their water 
billing process, while collections focus on payment efficiency, which is 
beyond the scope of this manual. Water utilities are urged to track their 
collection rate and institute policies that maximize collections.

Benefits of Non-Revenue Water
The World Bank has estimated the total cost of NRW to utilities worldwide 
at USD 14 billion per year.

Benefits of NRW reduction, in particular, leakage reduction:
 �  Financial gains from increased water sales or reduced water 

production, including possibly the delay of costly capacity expansion.
 �  Increased knowledge about the distribution system.
 �  Increase firefighting capabilities due to an increase in pressure.
 �  Reduce property damage.
 �  Reduce the risk of contamination.
 �  More stabilized water pressure through the system.

Trunk mains are a major source of leakages and high non-revenue 
water reduction can be achieved through leak detection inspection.

More the diameter increases less pressure is occupied as a result 
acoustic noise becomes low and takes time to rise up.

The number of leaks per kilometer tends to increase with a decrease 
in pipe size, and the volume lost in an individual leak tends to increase 
with pipe diameter.

Reduction of Non-Revenue Water helps to provide and deliver a 24 x 7 
water supply scheme for smart cities.
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Dr. Anil Kumar Mishra is working as a 
“Bacteriologist” in Delhi Jal Board, Govt. of NCT 
Delhi since August 2007.  Selected for 
Common Wealth Fellowship plan–UK-2006 for 
advance studies. He secured 2nd level prize in 
senior-level comprehension certificate test on 
Right to Information Act-2005 in the year 2011 
conducted by Govt. of NCT Delhi. His interests 
include Plant Tissue Culture, Molecular Biology 
(RNAi technology), Transgenic Technology, Water 

Microbiology, etc.

Water is an essential component of life 
and is required for performing different 
types of metabolic activities in all types 
of living organisms (microorganisms 
to higher plants and animals). Water is 
also important for the environment and 
required for maintaining climate and other 
environmental components. In the present 
scenario, water scarcity and contamination 
(physical, chemical, and microbiological 
contaminants) are major problems in India 
and worldwide. In the present scenario, 
due to the rapid growth of population, 
urbanization, industrialization, and 
agriculture activities, water resources are 
under-stressed and the gap between supply 
and demand (required for various activities 
like bathing, cooking drinking, sanitation, 

irrigation, industries, etc.) increasing every 
year. Different national and international 
agencies are issuing directions/guidelines 
for the conservation of water resources, 
avoiding polluting water bodies/ 
groundwater, sustainably use of water, etc. 
Climate change also plays a pivotal role in 
increasing stress on water resources due 
to changes in various climatic conditions 
like temperature, humidity, etc. Worldwide, 
a significant number of the population not 
getting a sufficient quantity of potable 
and wholesome drinking water (as per 
norms), resulting in the health-related 
complexity is increasing due to different 
types of pollutants (Physical, Chemical 
Microbiological, etc.). The ground, surface 
water resources, etc. are being utilized for 

NON-REVENUE 
WATER (NRW)
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drinking, irrigation and industrial, and other 
purposes. There is a growing concern about the 
deterioration of water quality due to geogenic 
and anthropogenic activities. According to 
news published in the daily newspaper “Dainik 
Jagaran” dated 14-06-2018; 13491 Million 
Quesec Meter (MCM) groundwater is available 
in Delhi, out of this 10,284 MCM (~ 76%) 
water is not fit for drinking and other purposes 
due to higher concentration of chemical 

contaminants. Due to the lack of sufficient 
infrastructure for Rainwater Harvesting in Delhi, 
the groundwater table decreasing day by day 
at the rate of 0.5 -2.0 meters/year; as citizens 
of Delhi extract ~392 MCM groundwater/
year despite only recharging 287 MCM/year. 
It means a huge difference (~105 MCM) was 
observed between the rate of extraction and 
recharging of groundwater in Delhi. 

Non-revenue water (NRW), is water that 
is produced in water treatment plants and 
other sources but couldn’t either is reached 
by consumer houses or managing authorities 

could not get revenue due to various reasons. 
NRW losses may be due to Real or Physical 
losses (losses caused by leakage in rising mains 
or other water pipelines in the distribution 
system,) and apparent losses (losses caused 
by metering abnormalities issues or theft). Due 
to high levels of NRW, the quality and quantity 
of treated water-reducing drastically; as the 
managing authorities or departments do not 
get a sufficient amount of revenue required for 

the upgradation of the distribution systems or 
other quality monitoring systems. Briefly, we 
can define NRW “as the volume of water lost 
as a share of net water produced from various 
sources in a particular area or time. NRW is 
sometimes also known as un-accounted for 
Water (UFW).

Many national and international organizations 
have developed, methodologies to access 
the various components which are required 
to manage or understand the concepts and 
components of NRW. The main components of 
NRW are as underneath:

Although some states of 
India and other countries 

achieved it upto a 
significant level these are 
very few in number. There 
are many factors that are 
creating hindrance during 

the efforts made for the 
reduction of NRW.

By reducing NRW, we may 
save much quantity of 

water and this water may 
be utilized for providing 

water supply round the clock 
to consumers or may be 

given water connections to 
new consumers and may 
generate more revenue.
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 � uthorized unbilled connection: Some consumers have taken 
water connections but do not pay the bill to agencies or managing 
authorities due to various reasons like Govt. policies (like slab 
system of billing or metering) or some other personal reasons of 
consumers. Sometimes, the government also provide free water 
to religious institutions, hospitals, and another such type of 
organization, etc.

 � Apparent losses: Some consumers do not take water connections 
and use water in unauthorized ways either directly from the main 
water line or some other sources. Sometimes, some consumers 
tempered their water meters; resulting they are using more 
quantity of water but paying revenue for a few quantities of water.

 � Real Losses: This is the major cause of NRW in various states of 
India; As some rising mains or distribution lines are very old and 
due to corrosion, leakage in valves/chambers, or due to some other 
reasons, water is leaking from pipelines and filled in surrounding 
areas; resulting quality of supplied water also deteriorated because 
in various states of country twenty four hours water supply facilities 
are not available (intermittent water supply system is available)  
and during non-supply hours when water pressure reduced in 
pipelines this leakage water again enters inside the water pipelines 
and consumers getting contaminated water during next supply 
hours. 

Most of the water utility departments are not well aware of the share of 
various components responsible for NRW. Due to the lack of this basic 
information, they can’t take proper actions or steps to reduce NRW. For 
confirmation of share of these components “Water Auditing” may be 
proved as the main tool. In such practices, a water meter may be installed 
at the entry point of the water pipeline (bulk water meter) in a particular 

sector/area and after that, we may calculate what amount of water is 
supplied in that area, the same amount of revenue-generating or not. 
In most developed countries, there are very limited apparent losses but 
in developing countries, it is too high. Many countries have developed 
water auditing software for the validation of their water audit data related 
to various components sharing for NRW and steps adopted for reducing 
it. On the basis of this data, they controlled NRW and planned to take 
corrective action to reduce it up to the maximum quantity. According 
to various national and international organizations/guidelines, maximum 
NWR should be between 15-20% in the distribution system and upto 
8% in the production source. 

Factors Responsible for NRW
In India and other countries, many steps are being taken by utility 
bodies for significant reduction of NRW but outcomes are still awaited, 
especially in developing countries worldwide. Although some states of 
India and other countries achieved it upto a significant level these are 
very few in number. There are many factors that are creating hindrance 
during the efforts made for the reduction of NRW. Some of them are as 
underneath:

A. Involvement of political pressure in many countries in various 
ways.

B. Sometimes, responsible officers of the water utility department 
think that designing new projects related to pipelines or other 
water-related infrastructures is easy instead of repairing old and 
underground water pipelines.

C. In most of the cities, due to heavy traffic on roads, field staff of the 
utility department works related to repairing at night and at that time 
it may possible some errors during rectification work. The resulting 



Industry InsightWaterAge  November 2022

www.waterage.in
29

leakage may continually persist for a long time. Sometimes field 
staff does not properly check illegal water connections and those 
consumers get sufficient water without paying any revenue and 
also misuse drinking water for other purposes.

D. Sometimes, plant or area managers spend less amount of funds 
required for the upgradation of the water network and quality 
monitoring system or other rehabilitation-related work which is 
necessary for proper supply of potable and wholesome drinking 
water to consumers, resulting in the system slowly become 
deteriorated and ultimately NRW may increase.

E. Sometimes, due to a lack of coordination among the various stack 
holders of the project, either that project couldn’t complete in time 
or its proper implementations may not complete. Resulting in the 
purpose/outcomes of the project couldn’t be achieved.

Steps to be taken for Reducing NRW
A. Efficient and quick steps must be taken for rectification or repairing 

leaking pipes to avoid water losses and contaminations.
B. Adopting a district metered area (DMA) system (means dividing 

the particular areas into small sectors) for proper supply and 
maintenance of water in a particular area with sufficient pressure, 
which is required to collect water without booster upto the top 
floor. This system is also helpful for water auditing and revenue 
collection.

C. Proper monitoring of water network from rising mains till consumers 
houses. For example: by using water loggers or other instruments 
or technologies we can easily detect leakage in underground water 
pipelines and take corrective measures as soon as possible to 
avoid wastage of water.

D. Proper and stable pressure management in water mains and 

network pipelines plays an important role in the longevity and 
proper running of water pipelines. Water pressure in water pipelines 
neither should be so high nor low and it should not be fluctuating, 
as these conditions forced to bursting of pipelines. For regulating 
this, control valves should be installed at proper distances and 
locations. By maintaining proper pressure we can also save energy 
consumption, required for pumping water against gravity.

E. Use all the data properly collected during water auditing or other 
methodologies for proper and efficient water management and on 
the basis of outcomes of that data set a limit for NRW and try to 
strictly follow it to achieve the target.

F. Illicit use of water consumption is also a major component for 
increasing NRW for reducing it adopts various methods or policies 
at various levels (Central or state government till Gram Panchayat 
level).

G. Provide awareness among the consumers related to the importance 
of water for life, its conservation, sustainable use of water, avoiding 
water contamination, etc., and provide training to employees of the 
utility bodies by applying different methodologies related to various 
aspects of water and its conservation.

Importance of Reduction of NRW
NRW plays an important role in the reduction of revenue collection in any 
water utility organization because if NRW is much more then consumers 
may not get a sufficient quantity of water and pay less amount of revenue 
to the utility organization. Various national and international agencies 
have made studies related to NRW and estimated the total cost of NRW 
to utilities worldwide at about many billion per year. 

If we reduced it, millions of people may get a sufficient quantity of 
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potable and wholesome drinking water. Some of the important benefits 
of reduction of NRW are as underneath:

A. Revenue or financial status of water utility organizations increased. 
If we reduce, NRW then consumers may get more quantity of water 
and pay more revenue to utility organizations or be required to 
produce less quantity of water at water treatment plants or other 
sources for the same population which reduced the production cost 
of treated water.

B. By reducing NRW, we may reduce water contamination in bulk 
storage tanks or in distribution lines. Because leakage in pipelines 
shares a major component for increasing NRW. Leakage in pipelines 
increases the risk of water-borne disease because this leakage of 
water again enters distribution pipelines during non-supply hours 
or when water pressure is reduced. This contaminated surface 
water contains many microflora or chemical contaminants which 
may cause threats to consumers.

C. By reducing NRW, we can supply water to consumers with 
optimum and stabilized pressure. If a sufficient quantity of pressure 
is available in water pipelines then consumers will not use booster 
pumps in their houses. This will save electricity and also check 
water contaminations.

D. By reducing NRW, we may save much quantity of water and this 
water may be utilized for providing water supply round the clock to 

consumers or may be given water connections to new consumers 
and may generate more revenue.

E. For reducing NRW, Leakage reduction in pipelines is an important 
step and after that consumers may get a sufficient quantity of 
potable and wholesome water for household and other purposes. 
If consumers will be satisfied with the services of the utility 
department then they will not make misbehave with the employees 
of the organization. Resulting, the relationship between employees 
of the utility department and consumers may be improved. NRW 
reduction is also helpful for the reduction of legal liability and 
insurance payments.

In conclusion, we can say that water is 100% natural, and no substitute 
for it. Use it judicially and sustainably so that our future generations may 
also get a sufficient quantity of potable and wholesome drinking water. 
If we may not maintain it a significant number of the population may not 
get good quality water in the coming decades (as various organizations 
are issuing warnings from time to time related to water and its uses). 
So for proper conservation and management of water, adopting various 
technologies for the reduction of NRW, Rain water harvesting, reduction, 
recycling, reuse, respect and reserve water resources, reforestation, etc. 
Bureau of Indian standards also emphasizes for reduction of NRW and 
DMAs creation for better management of drinking water supply from 
water treatment plants to consumers’ houses.
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 www.greenvironmentindia.com/solutions/

Bhagyashree Rath is working as Environmental 
Manager in Greenvironment Innovation and 
Marketing India for the last 3 years. She has 
a Bachelor’s degree in Civil Engineering and a 
Master’s in Environmental Science & Engineering. 
She has expertise in researching impacts 
associated with power plants and preparation of 
Technical consultant documents on environmental 
policies and regulations to maintain regulatory 
compliances. Her Unique strengths include 
Knowledge to troubleshoot environmental 
problems requiring investigation of questionable 
conditions in assigned projects. Strong attention 
to detail with excellent analytical and sound 
judgment capabilities, and the ability to readily 
become proficient in utility data management 
system processes and software.

WATER IN 
THE CLOUD?

As per NITI Aayog, India is reeling under 
a severe water crisis with around 50% 
population experiencing high-to-
extreme water shortages. On the other 
side, it is estimated that up to 25% of 
water is currently lost in transit due to 
leakage caused by poor infrastructure 
maintenance. Seventy percent of our 
freshwater sources are contaminated 
and our major rivers are dying because 
of pollution. India has 18% of the world’s 
population but has only 4 % of the global 
water resources. 

In such a scenario, ensuring optimum use 
and reuse of water extracted from natural 
water sources comes imperative. New 
technologies such as IoT-cloud-based 
monitoring of water utilities and water 
resources offer a viable solution to optimize 
water use and address water pollution. By 
helping to reduce water footprint, IoT-
cloud-based water monitoring systems 
exemplify the commitment to Environment 
Social Compliances (ESG) as well as to 
Sustainable Development Goals (SDGs) of 
businesses and governments, alike.  

IoT & AI based Real-Time Monitoring Solution

IoT-Cloud-Based Water Monitoring Enables Build up 
ESG Compliances, Saving Water Footprint
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IoT-cloud based water monitoring  
The word ‘cloud’ stands for rejoicing in the 
Indian context, especially in villages where 
rain fed farming is the major, perhaps the lone 
source of livelihood.  But, at times, in the digital 
era, the word ‘cloud’ has a similar, rather more 
elaborate connotation linked to water.  

As the name specifies Internet-of-Things (IoT) 
is a network of interconnected devices such as 

smartphones, laptops, computers, sensors, 
and actuators that can communicate with 
each other to perform a wide range of actions. 
In the water sector, IoT is used in a number 
of scenarios to collect and analyze real-time 
data related to water such as flow, leakage, 
quality, consumption, and energy use. The 
performance of water treatment plants, public 
water distribution systems (WTPs), sewage 
treatment plants (STPs), effluent treatment 
plants (ETPs), and other water utilities can be 
analyzed with the help of IoT-cloud-based 
systems.  Thus the system helps ensure better 
efficiency, improved operations, and higher 

revenue at each point of water consumption.
 
IoT-Cloud based monitoring of 
water: Fits into varied consumption 
scenarios 
The IoT Internet of Things (IoT) and cloud-
based systems for monitoring water can be 
installed and used across various sectors 
such as manufacturing industries, agriculture, 
commercial, hospitality, healthcare, and 

residential sector, and water and wastewater 
management projects of the government. 

The purposes for which IoT based water 
monitoring could be used are as follows: 

 � Ensure quality of drinking water 
 � Checking water pollution   
 � Leakage detection of water infrastructure 

including pipelines and water tanks
 � Monitoring performance of WTPs, STPs, 

and ETPs
 � Monitoring recycled water quality to 

enhance reuse
 � Monitoring of energy consumption of 

By using this 
platform, a person 
or a company can 

take useful actions to 
ensure water quality 
and optimize water 

use or reuse. 

The clients, from the 
sectors such as industries, 

hospitality, health care, 
commercial complexes, and 

residential sector testify 
to RTMs’ effectiveness 

in addressing the water 
challenge at times. 



Industry Insight WaterAge  November 2022

www.waterage.in
34

Treatment of sewage, effluents, and wastewater generated at various 
points of consumption such as residential, industrial, commercial, 
hospitality, and healthcare sectors under a well-monitored environment 
with the help of IoT has multifarious benefits. At the outset, it helps to 
halt the disposal of highly polluted water to natural water bodies. But 
it has opened a plethora of opportunities to consider wastewater as a 
resource, which can be tamed and consumed again. Reuse of water 
recycled in an environment where quality is monitored in real-time 
helps to reroute the recycled water for a host of non-potable purposes 
such as gardening, pavement cleaning cooling towers, toilet flushing, 
etc. 

Water loss management
Water loss management is becoming increasingly important due to 
population growth and water scarcity. Currently, up to 25% of water is lost 

WTPs, STPs, ETPs, and other water utilities
 � Monitoring of aquaculture water quality 
 � Detecting the quality and level of water in freshwater sources such 

as ponds, lakes, rivers, and water reservoirs.

ESG, SDGs, and IoT -cloud-based water monitoring 
Helps to achieve the goal of water neutrality 
IoT -cloud-based water monitoring system was evolved as a response 
to the demand for a smarter measurable option for internalizing water use 
optimization. It is proved as an effective tool to report the performance 
of businesses in addressing water risks related to climate change and 
update the achievements in managing water. This is significant as 
proactive measures and quantifiable accomplishments in addressing 
water risks related to climate change are important requirements for the 
Environmental Social Governance (ESG) reporting of businesses.   
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in transit due to leakage caused by poor maintenance of infrastructure. 
However, now sensors to provide real-time insights into pressure, flow, 
and quality of water are widely used to control wastage of water during 
distribution. These measures are enabled by IoT-cloud-based real-
time monitoring of water helps to reduce the withdrawal of fresh water 
and save the earth’s natural water resources. 

Help adhere to pollution control norms 
IoT-cloud-based monitoring of wastewater comes necessary for 
industrial, commercial, hospitality, healthcare, and residential sectors in 
order to adhere to the pollution control norms set by the government. 
In India, installing an Online Continuous Emission Monitoring System 
(OCEMS) for Sewage Treatment Plants (STPs) and Effluent Treatment 
Plants (ETPs) would soon become compulsory for sharing the quality of 
the effluent on a real-time basis with the pollution control authorities. 

Central Pollution Control Board (CPCB) has already written to all Pollution 
Control Boards in states and Pollution Control Committees in Union 
Territories asking for time-bound implementation of OCEMS. The 
installation of OCEMS at the outlet of STPs for the measurement of water 
quality parameters would ensure that our freshwater sources (lakes, 
rivers, sea, ocean, aquifers, groundwater, etc.) are not contaminated due 
to the effluent disposal.  

IOT-cloud v/s traditional water monitoring  
In fact, the IoT-Cloud-based smart solution to water monitoring is cheap 
and reliable in ensuring water monitoring and water use optimization.  
The system uses the existing communication infrastructure for smart 
applications. Further continuous and real-time monitoring of water 
quality is possible in the system, which requires very minimal human 
interventions. It replaces all the major steps in the traditional way of 
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water and wastewater monitoring like sample collection, preservation, 
transportation, sample pre-treatment, calibration, reagent addition, and 
sample analysis with automated procedures and online analyzers.   

What is monitored? 
IoT uses devices like sensors and probes important parameters and 
real-time measurement is done based on data fed to the cloud. By 
using this platform, a person or a company can take useful actions to 
ensure water quality and optimize water use or reuse.  The important 
parameters monitored under the system are as follows:

 � pH    
 � Total Dissolved Solids - TDS    
 � Chlorine    
 � Biochemical Oxygen Demand - BOD    
 � Chemical Oxygen Demand - COD    
 � Total Suspended Solids - TSS    
 � Turbidity    
 � Oxidation & Reduction Potential - ORP    
 � Pressure 
 � Temperature  

The government recognizes the potential of IoT-Cloud 
based water monitoring 
The government of India had amply recognized the scope of IoT and 
cloud-based systems in monitoring water, by organizing the ICT Grand 
Challenge-Water 2020 under the aegis of the National Jal Jeevan 
Mission and Ministry of Electronics & Information Technology (MeitY) 
Government of India.  ICT Grand Challenge-Water was aimed at creating 
innovative, modular, and cost-effective solutions for developing a ‘Smart 
Water Supply Measurement and Monitoring System’ to be deployed at 
the village level. Two hundred enterprises, which offer water monitoring 
solutions have taken part in the challenge.

A CASE STUDY:
IoT-Cloud based RTM 2.0 by Greenvironmentindia
The experience of Greenvironmentindia, the runner-up in the ICT 
Grand Challenge-Water 2020, testifies to the scope of IoT-based 
water monitoring in India. RTM 2.0, Greenvironmentindia’s Real Time 
Monitoring (RTM) system, which is IoT based has been deployed in 25 
locations where water distribution schemes under Jal Jeevan Mission 

are getting implemented. 

Greenvironmentindia has the privilege of close and long-standing 
engagement with most of its clientele in the company’s nine years of 
operations.  A real-time monitoring system based on IoT has been 
proven to be highly effective in addressing three challenging tasks such 
as fulfilling water needs, saving water cost, energy cost, and reducing 
water footprint. The company has been successful in ensuring the 
effective recycling of 70 billion liters of wastewater in the last three 
years through IoT-cloud-based RTM. The clients, from the sectors 
such as industries, hospitality, health care, commercial complexes, and 
residential sector testify to RTMs’ effectiveness in addressing the water 
challenge at times. 

In a competitive business scenario, even the noble idea of reducing water 
footprint would go long only when it adds value and helps to address costs. 
RTM’s stress to contribute to the demands of operational efficiency, cost 
reduction, maintaining environment/pollution compliances, and energy-
saving makes it inevitable for its clientele.  
 
Greenvironmentindia’s RTM 2.0 for water and wastewater works 
with the help of sensors fitted in water utilities, IoT, and cloud-based 
data management to check and analyze critical quality measuring 
parameters (e.g., physical, chemical, and microbial) of target water. It 
can be freshwater, wastewater, recycled water, water bodies, etc.  

Based on the analytics, automated alerts about the quality of water 
or recycled water and the pointers to the impending issues of water 
management or recycling systems, are shared with the users enabling 
them for the right decision making.  

In the case of freshwater, remedial measures include chlorine dosing 
and streamlining purification measures such as UV filtration and Reverse 
Osmosis can be taken based on the alerts generated with the help of 
data fed on water quality.    

In the case of wastewater treatment plants including STPs and ETPs, 
based on the data on water quality, alerts are generated, which pinpoint 
the efficacy of plant functioning that would help in timely repairs and 
maintenance. 
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Arun Lakhani
Chairman & Managing Director, 

Vishvaraj Infrastructure Ltd. India

Arun Lakhani is M. tech from LIT, Nagpur, he hails from 
Malkapur, Buldhana. He is Head of Vishvaraj Infrastructure 
Ltd working in Roads and Highways, which is also a pioneer 
in implementing PPP Projects in Water and Wastewater 
Sectors. He is a social-entrepreneur. He is passionate about 
the depleting resource “Water” and strongly advocates the 
concept of Industrial Reuse of Treated Sewage. His company, 
VEPL serves water to over 4 crore citizens in the country. It 
processes over 270cr liters of freshwater and 50cr liters of 
sewage every day. It is also bringing 19Cr liters of treated 
sewage under Reuse. He is also the brain behind Nagpur 
24x7 Project which was applauded by Hon’ble Prime Minister 
Narendra Modi as the National Best Practice at the launch 
of Smart City and AMRUT Program. NITI Ayog consults VEPL 
on various issues pertaining to Urban Water Management in 
India.

WASTEWATER 
REUSE

ENSURING WATER 
SECURITY THROUGH

 www.vilindia.com

From being “Sujlam Suflam ‘’ to “Water Scarce”, India has seen a full circle 
of dwindling water resources. Increasing population and rapid urbanization 
coupled with industrialization has resulted in marked increase in water 
demand and policy makers will have to plan for new sources of water. The 
traditional sources of surface water and groundwater have already reached 
their threshold. Augmenting surface water sources are both costly and time 
consuming. New dam construction takes years because of land issues and 
population resettlement making it an extremely challenging option.

Reuse of sewage treated water offers an opportunity to supply treated water 
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for non-potable use. Industries are the best customers for treated water. 
There has been a thrust on reuse of municipal treated sewage water 
in the developed countries. Most of western developed economies are 
reusing the treated water and the percentage of reuse water is ranging 
from 5 to 25 %. There are multiple wins in reusing the treated water. 
Fresh water can be swapped with treated water for non-potable use 
in Industry (Power Stations etc.) and this fresh water can then be used 
either for citizens for drinking or for agriculture purposes. Reuse ensures 
quality treatment of sewage since reuse users are conscious about 
the quality of water. Revenue from the sale of treated water helps in 
developing a circular economy. Treated water offers a secured water 
source for the end user.

In a water scarce country like India, the reuse of municipal treated 
sewage water is all the more relevant. Currently the proportion of reuse 
water in India is almost Nil. China, a similarly large population country, 
on the other hand, is investing trillions of dollars for reuse projects. It 
is imperative that we bring a conscious change in our perspective and 
start to look at “Sewage” as “a resource” which is abundantly available 

within the city limits. Reuse of this resource is a key component of the 
sustainable urban water management cycle. The industries with large 
water demand are the ideal candidates for reuse. Power plants which 
consume more than 70% of the industrial water have already been 
directed by the Government of India to use treated water if available 
within 50 kms of radius in the larger towns. Other industries like Steel, 
Oil Refineries, paper, textile etc. can also be offered treated sewage 
water. 

Once industries start using treated water, the uninterrupted supply of 
required quality treated water needs to be ensured. So, a right project 
framework is needed for Reuse of water with the Industries. Projects on 
Public Private Partnership models like PPP or PPP-HAM aptly addresses 
the issues involved in supply of treated water. It brings in private 
investment and competence in the sector thereby reducing reliance on 
government funding. The skin in the game from the private operator also 
ensures quality and quantity commitment needed by the industry. It also 
reduces the overall time of project execution and offers a much needed 
service to the industries during the O & M period.
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Reuse of sewage treated water by power plants was successfully 
demonstrated in Nagpur, India for the first time. Nagpur Municipal 
Corporation (NMC) launched a project for building 200 MLD STP through 
a PPP model with Reuse as an objective of end use of treated water. 
Vishvaraj Environment Pvt. Ltd. won this bid and completed the STP 
project through 100% private investment. NMC and Vishvaraj then 
approached MAHAGENCO (Power generation utility from Maharashtra 
for supply of treated water to its power plants. MAHAGENCO agreed 
to purchase 100 MLD treated water for Khaperkheda power plant 
and 90 MLD for Koradi power plant. Vishvaraj constructed the entire 
Reuse infrastructure consisting of tertiary treatment plant, pipeline and 
pumping station again through 100 % private investments. The entire 
project is commissioned and it is now more than 18 months that 190 
MLD treated water is supplied to both the power plants. Equivalent 190 
MLD (19 Cr liter per day) of water is saved and diverted to the city of 
Nagpur and nearby towns for drinking and agriculture thereby taking 
care of the next 20 years of additional demand. 

Our nation needs more such projects to realize in the near future. There is 
an opportunity to treat and supply 6,000 MLD of treated water only to the 
power plants in India. The other industries offer even greater potential.  
Another advantage is the large scale sewage treatment facilities that get 
built as an integral part of a reuse project. So, reuse not only ensures 
water security on a sustainable basis but also ensures public health 
through proper sewage treatment. 
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THE WASTEWATER 
TREATMENT PLANT  
OF NÎMES FAST FACTS

Challenges
 � Create an ad-hoc operator 

training GUI for the WEST model 
of an existing treatment plant

 � The GUI is to hide the complexity 
of the underlying model while 
exposing the essential control 
and evaluation elements in a 
straightforward way

Solution
A dashboard-like GUI that utilizes the 
WEST NET API and standard graphical 
WEST modules.

Value
The custom GUI:

 � Offers a very intuitive means 
to interact with the complex 
mathematical model of the plant

 � Presents the essential operating 
parameters that an operator is 
familiar with and is likely to use 
in the daily operation

 � Allows for evaluating scenarios 
in a very intuitive way – 
scenarios can be saved (stored) 
and reloaded

Location / Country: 
Nîmes, France
Software Used: WEST

A CUSTOM WEST GRAPHICAL 
USER INTERFACE FOR 
OPERATOR TRAINING

The client SAUR provides a variety of services to the community, including the exploitation and 
treatment of water. In this capacity, SAUR manages several wastewater treatment facilities in 
France. A modeling study of the plant of Nîmes was conducted by the French National Research 
Institute for Agriculture and Environment (IRSTEA) and was aimed at assessing the effectiveness 
of a novel aeration control logic developed by SAUR. A customized, dashboard-like Graphical 
User Interface (GUI) was eventually implemented by DHI to exploit the potential of the WEST model 
as a tool for training the plant operators.

This 230,000 PE plant is located in Nîmes, France, and consists of two parallel activated sludge 
lines, each comprised of a circular activated sludge tank (with anaerobic, non-aerated, and 
aerated stages) followed by a secondary clarifier.

Client Feedback
“We are going to use this tool to explore a 
variety of operational scenarios in order to best 
combine the two co-existent aeration control 
systems on the plant. The tool will ultimately 
enable us to transfer the Ammonair logic on 
more of our installations” 

- Fabrice Nauleau, Director – R&D, SAUR.

By DHI



WaterAge  November 2022

www.waterage.in
43

Two different strategies are used to control aeration: a conventional 
ORP/DO logic in the first line, and an NH4/DO logic (developed by SAUR 
and named ‘Ammonair’) in the second line. The Ammonair controller was 
implemented and tested on this site to reduce energy consumption while 
ensuring the required effluent quality as well as low nitrous oxide (N2O) 
emissions.

The Approach
There are two common approaches to developing custom user interfaces 
on top of a WEST model. The first is to set up a custom dashboard within 
WEST itself in a point-and-click fashion, using the graphical widget 

toolbox that the latter provides. The second concerns developing a 
fully customized user interface using a general-purpose programming 
language (typically C#) on top of WEST for AUTOMATION (WfA), which 
is a software development kit (SDK) for .NET that provides access to 
the WEST engine. The first approach does not require any programming 
skills but is constrained in terms of flexibility; the second offers full 
flexibility but requires a non-negligible programming effort.

For the Nîmes wastewater treatment plant (WWTP), a slightly different 
approach was followed. Apart from the WfA SDK, a number of graphical 
modules from the WEST source code base were also re-used in order to 
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speed up the development process while still maintaining full flexibility.
The WfA SDK adheres to the object-oriented paradigm and follows a 
number of well-known software design principles, such as the singleton, 
factory, façade, and observer patterns. An important reason for adopting. 
NET’s C# language for developing the Nîmes dashboard is precisely its 
support for events and event handlers, which is. NET’s implementation 
of the observer pattern. Events fired by the WEST engine allow for easily 
acting upon the simulation advancement in terms of progress indication 
and visualization of output.

The Nîmes Dashboard
The GUI proposed for the operator training dashboard consists of four 
areas:

 � An aerial view of the plant with clickable regions
 � A control pane below it displays the process parameters that the 

operator can act upon
 � An output pane (on the right) is further subdivided into two regions: 

the top comprises three tab pages with summary information 
for the plant and process; the bottom contains a tab page for 
each clickable region of the aerial view of the plant showing the 

concentrations of key-components
 � A taskbar (at the bottom) that allows for launching a simulation and 

loading/storing scenarios 

The process parameters are:
 � The recirculation and excess sludge flow rates
 � The mixed liquor suspended solids (MLSS) concentration in the 

tank
 � The ammonia set-point of the Ammonair controller
 � The quantity of iron chloride dosed
 � The operating temperature

The influent specs (that is, flow rate and concentrations) can be changed 
by selecting pre-configured influent files. The summary information – 
which the operator is supposed to monitor to evaluate the performance 
of the process, are: 

 � Sludge age (d), Excess sludge production (kg/d), Energy 
consumption for aeration (kWh), N2O emission (kg/d)

 � The effluent quality: average, 95%- and 98%-ile (mg/l) of COD, 
BOD, ammonia, total nitrogen, and total phosphorus





Case Study WaterAge  November 2022

www.waterage.in
46

LEADING TEXTILE MANUFACTURER 
CUTS DOWN OPEX BY 85% IN THE 5th 
STAGE RO OF ZLD PROCESS

About Organization
Grundfos delivers efficient, reliable, and sustainable solutions all over the globe. Grundfos Pumps India Pct. Ltd. is a wholly-owned subsidiary of 
Grundfos Holdings was established on in 1998. It provides energy-efficient pumps and smart pumping solutions for various applications - heating 
and hot water service systems, cooling and air-conditioning systems, industrial applications, pressure boosting and liquid transfer, groundwater 
supply, domestic water supply, sewage and wastewater, dosing, chlorination systems, disinfection systems and pumps running on renewable energy.

 www.grundfos.com/in
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The Situation
The textile industry in India uses 1,608 MLD (million liters per day) of water every day 
for its industrial processes. Due to India’s regulation on the use of water, many textile 
companies have begun to embrace global best practices such as Zero Liquid Discharge 
(ZLD) to reuse their process water and reduce water footprint. However, the ZLD process 
has higher OPEX due to the process of ‘Mechanical Vapor Recompression Evaporation’ 
(MVRE) which has a high energy requirement.

This MVRE process is critical to increase the water concentration before the final salt 
recovery after the fourth stage of the Reverse Osmosis (RO) in ZLD. A leading textile 
company in the southern part of India was looking out for 5th stage RO as an alternative 
for MVRE to reduce the overall OPEX in ZLD process.

The Solution
To reduce the energy footprint of the ZLD plant, the customer replaced a less efficient MVRE 

Pump Specifications

 � Flow: Upto 30m3/hr

 � Pressure: 80 bar

 � Pump model: BMS 17-22HS,  
85 kW and BM 17-40R, 22 kW
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process with a more robust 5th stage RO in their plant, which requires 
high-pressure pumps and membranes with operating pressures up to 
80 bar.

Grundfos new BMS HS pumps are the perfect fit for this high-pressure 
application in the 5th stage RO process. This BMS HS solution can 
manage pressure up to 82.7 bar efficiently and with the use of permanent 
magnet motor technology, the entire solution is compact, efficient and 
needs less footprint.

Grundfos offered BMS HS and BM pumps with MPC controller to ensure 
automatic operation with safety interlocks, eliminating the need for any 
manual interventions.

The Outcome  
Grundfos solution significantly cut down the OPEX of the 5th stage RO 
of the ZLD plant by up to 85%. Grundfos’ reliable BM and BMS pumps 
ensured uninterrupted operations in the fifth stage of the RO process for 
the ZLD plant.

Grundfos MPC controller and variable-frequency drive connected with a 
communication module ensures that the pressure, flow, and speed are 
optimally managed for varying process requirements. 

Further, this MPC controller enables automatic operations and ensures 
that the safety precautions for pumps are in place while delivering 
process requirements seamlessly.

Benefits of Grundfos BMS & BM Range of Boosters with MPC Controllers

Maximum Efficiency
 � A permanent magnet motor is the secret behind the improved efficiency of the BMS high-speed range. This high speed 

motor in BMS HS range also offers a smaller footprint and drastically reduces the weight of the pump.

High Durability
 � All wetted components are made of super duplex stainless steel resulting in high durability. The Grundfos BMS HS range has 

been put through rigorous tests, to ensure maximum process reliability.

Package Solutions
 � Grundfos MPC controllers with BM & BMS HS pumps offered as a package solution to this 5th stage RO process ensures 

complete process automation and safety.
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13th IWA International Conference on 
Water Reclamation & Reuse
15–19 January, 2023
Venue: 
ITC Grand Chola, Chennai, India
www.iwa-network.org/events

Renewable Energy  
Expo 2023
20-22 January, 2023
Venue: 
Chennai Trade Centre, 
Nandambakkam, Chennai,  
India
www.renewableenergyexpo.biz

Water & Solid Waste Expo 2023
16-18 February, 2023
Venue: 
Pragati Maidan, New Delhi
www.watersolidwaste.com

WAPTAG Water Expo 2023
23-25 March, 2023
Venue: 
India Expo Center, Greater Noida, India
www.waptag.org

Smart Cities Expo 2023
27-29 March, 2023
Venue: Pragati Maidan, New Delhi
www.waterindia.com

Convergence India Expo 2023
27-29 March, 2023
Venue: Pragati Maidan, New Delhi, India
www.convergenceindia.org/

SRW India Water Expo
5-7 May, 2023
Venue: Chennai Trade Centre, CHENNAI 
TRADE CENTRE, Ramapuram, Tamil Nadu
www.waptag.org

Water & Plump Skills Expo 2023
18-19 May, 2023
Venue: 
Pragati Maidan, New Delhi, India
www.plumbskillsexpo.com

Water Today’s Water Expo 2023
23-25 
September, 2023
Venue: Chennai Trade Centre, Chennai, India

IFAT 2023
17-19 October, 2023
Venue: 
Bombay Exhibition Centre, Mumbai, India
www.ifat-india.com

Water India 2023
24-26 November, 2023
Venue: Kolkata, India
www.waterindia.net
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TENDER OF WATER WASTE

Buyer/Seller: 
Nagar Palika Nigam

Ref. Number: 55876686
Tender Number: 4551/2022-23

Requirement: Interception And Diverson 
Work Of Waste Water & Proposed Treatment 
Unit Sewage & Recycle Arrangement Of The 
Treated Sewage From Gatar Ghat, Mohan 
Ghat And Masura Ghat Nalla Nearby Katni 
River.

Document Fees: INR 20,000
EMD: INR 250,000
Tender Estimated Cost: INR 50,000,000
Closing Date: 03/01/2023
Location: Katni - Madhya Pradesh - India

Buyer/Seller: 
Public Works Department

Ref. Number: 55334357
Tender Number: 2022_WBPWD_429399_1

Requirement: Proposed underground 
drainage system for waste water and storm 
run off at KAKDWIP SDH DHHD RN_17000972 
PH II. 2ND CALL.

Tender Detail: Wbpwd / se / sc_ss / nit08 
/ 2022-2023#*. proposed underground 
drainage system for waste water and Storm 
run off at kakdwip sdh dhhd rn_17000972 
ph ii. 2nd call.

EMD: INR 377,399
Tender Estimated Cost: INR 18,869,944
Closing Date: 28/12/2022
Location: South 24 Parganas, West Bengal 

Contact Details: Public Works 
Department||p.W. Directorate||pwd (South 
Zone) -II Southern Circle Social Sector
kakdwip, South 24 Parganas.

Buyer/Seller: 
Public Works Department

Ref. Number: 55908578
Tender Number: CE/287/2022/21

Requirement: Construction of New 
Medical College and Hospital at Tinsukia. 
(Construction of external drainage for 
discharging waste water and rain water of 
Medical College Campus.

Special Note: Tender Submission & Opening 
Dates are undefined in the tender. For further 
details, you have to contact the Government 
Department or check Tender Document and 
Image File.

Document Fees: INR 17,600
Tender Estimated Cost: INR 87,895,317
Closing Date: 15/01/2023
Location: Tinsukia - Assam - India

Buyer/Seller: 
Nagar Palika Nigam

Ref. Number: 55876686

Tender Number: 4551/2022-23

Requirement: Interception And Diverson 
Work Of Waste Water & Proposed Treatment 
Unit Sewage & Recycle Arrangement Of The 
Treated Sewage From Gatar Ghat, Mohan 
Ghat And Masura Ghat Nalla Nearby Katni 
River.

Document Fees: INR 20,000
EMD: INR 250,000
Tender Estimated Cost: INR 50,000,000
Closing Date: 03/01/2023
Location: Katni - Madhya Pradesh - India

Buyer/Seller: 
Rural Development Department

Ref. Number: 55199623
Tender Number: 2022_AHMED_854970_1

Requirement: Constructing solid waste and 
waste water management at deothan,tal-
akole ,dist-ednagar

Tender Detail: Constructing solid waste and 
waste water management at deothan,tal-
akole ,dist-ahmednagar #*. constructing 
solid waste and waste water management at 
deothan, tal-akole, dist-ahmednagar

Document Fees: INR 5,600
EMD: INR 60,792
Tender Estimated Cost: INR 6,079,208
Closing Date: 23/12/2022
Location: Ahmednagar, Maharashtra, India
Contact Details: RDD, CEO, Ahmednagar
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Company Page No. Telephone E-mail Website

Aadys Components  
Pvt. Ltd.

1 +91 11 4155 1444 sales@aadys.co.in www.aadys.co.in

AKASH Blowers Pvt. Ltd. 7 +91-9999 56 4644 info@akashblowers.com www.akashblowers.com

Aquadax South Asia
Pvt. Ltd.

21 +91 9871866777 sales@aquadaxasia.com
www.aquadaxasia.com,

www.aquadaxasia.in

DUVERA 37
8595 149016, 
8744 040406

sales@duverawater.com www.duverawater.com

E-Procurement 
Technologies Ltd.

50 +91 93745 19764 sales@TenderTiger.com www.TenderTiger.com

Indus Waterways
Back Cover 

Inside
91 172 5275055, 
91 11 4552 4715

induswaterways@gmail.com -

Jai Maa Associates 31
+91 98111 88819, 
+91 11 2568 2346

jaimaaassociatesdelhi@gmail.
com, jaimaa98gmail.com, info@

jaimaaassociates.in
-

Oasis WFS Private Limited 45
+91 99902 10500 
+91 97164 65675
+91 91678 79747

mhaque@oasis.ie
amit.gupta@oasis.ie

dpsingh@oasis.ie
www.oasiswfs.in

Optimus Enviropro Pvt. Ltd. 1 +91 11 4155 1444 sales@optimusenviro.pro www.optimusenviro.pro

Rysa Infratech Pvt. Ltd. Back Cover +91 11 4552 4715 info@rysainfratech.com www.rysainfratech.com

Triveni Constructions 5
+91 98143 21749, 
+91 98141 32026, 
+91 172 4039 981

trivani_anand@yahoo.com, 
triveniconstructions.mohali@gmail.

com
-

WaterAge Banner 6 +91 99589 60470  enquiry@waterage.in www.waterage.in

WaterAge E-magazine 4 +91 99589 60470  enquiry@waterage.in www.waterage.in

WaterAge Subscription 41 +91 99589 60470  enquiry@waterage.in www.waterage.in

Water India 25
+91 98738 48003, 
+91 11 4279 5086

kuldeepb@eigroup.in www.waterindia.com

Thank You for Advertising with Us!
This Index is published as a service. Although every effort is taken to make it accurate, WaterAge assumes no responsibility for errors or ommissions.






