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Water is at the centre of action 

Variety and diversity are part of water, in problems and opportunities



“Pale blue dot” Voyager 1 Feb. 14, 1990

Water is the most important inheritance of our planet



Challenges  
We have every possible need

Every river is contaminated
50% of the microbial diversity is lost for ever

Grooten, M.; Almond, R. E. A. Living Planet Report - 2018:
Aiming Higher; WWF: Switzerland, 2018.

From S. Vishwanath

-45 oC, 15% RH

+45 oC, 99% RH

Arsenic
Fluoride
Uranium
Mercury
Chromium
Perchlorate
Nitrate
Pesticides
Antibiotics
Plastics
Detergents
…..Issues of sustainability are paramount for villages

Villages need advanced technologies



Our dreams become reality with materials

Affordable clean water is a matter of  advanced materials

Emergence of nanotechnology
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New adsorbents
New sensors
New catalysts
Novel phenomena
New devices



Au25L18
-

Nanomaterials are now atomically precise 
With advanced methods of analysis, we study them in detail

T. Pradeep et. al. Acc. Chem. Res. 2018; 2019.
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ACS Sustainable Chemistry  & Engineering Editorial, December 2016

Nanomaterials can solve real problems

Supplying 
arsenic free 
water to 1.2 
million people, 
every day

Supplying 60 
million litres of 
clean water 
every day

A (Affordable)
S (Scalable)
S (Sustainable)
U (Universal)
R (Rapid)
E (Excellent)
D (Distinctive)

R. A. Mashelkar
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New materials
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What is special?



Live/dead staining experiments
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13A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.



Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000
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15A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.



Changing the dynamics in the field

 Existing unit for iron and arsenic removal –
20 m3/h

 Uses activated alumina and iron oxide (old
generation of adsorbents)

 Existing unit for iron and arsenic removal –
18 m3/h

 Uses iron oxyhydroxide (new generation of
adsorbents)

 Input arsenic concentration: 168 ppb
 Output arsenic concentration: 2 ppb
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Existing plant in 40 cents New plant in 3 cents 



Completed 3 years maintenance (stipulated: 2 years) 
for 330 bamboo unit project in Nadia, WB

Minimum uptime: 91%, Maximum: 98%
Only 4/330 have reported arsenic above 10 ppb
Benefiting over 100,000 children and villagers 
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Name of the scheme: Mahilan Wala (TW9144), District: Amritsar
Population: 2610, Daily demand@70 LPCD: 188 kLD, OHSR Capacity: 

100 kL

Seeing how the new adsorbents are changing the 
dynamics at the ground level (type 1 of our efforts)
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Community units – 25 KL – 1000 KL



Calculation for the Tariff to be collected for treated water (Revision if Required)

Plant capacity/70 LPCD1,071 Design population

RemarksCost / QuantityItem/Description
Sr.No

.

After minimum two years if Iron concentration 
is more than 5 ppm. But iron concentration is 
more than 5 ppm at only two to three places. 
Therefore media may work for 3 years also.

56400
Cost of Replacement of Iron removal
media

1

After minimum two years if Arsenic 
concentration is more than 100 ppb. But 
arsenic concentration is more than 100 ppb at 
only two to three places. Therefore media may 
work for 3 years also.

978660
Cost of Replacement of Arsenic removal
media

2

28560Cost of replacement of Activated Carbon3

After minimum two years.1063620Total cost of Replacement of media4

531810
Total cost of Replacement of media for
one year

5

ltr per day75000Plant capacity6

Plant capacity/70 LPCD1,071 Design population7

2.1 Paise per ltr
Cost per litr of water8

Rs. per head per day 
=Media replacement cost per year/365/Design 
population

1.36 

Cost of replacement of media9
per head per month for 70 LPCD water40.80 

Cleanwater at 2.1 paise per litre!
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Smart water purifiers and big data

Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435





Automation of water supply scheme



AMRIT – Household Water Purifier

About 12,800 household water purifiers are provided to Arsenic and Uranium affected 
villages where retrofitted treatment plants are not installed. This water purifier removes 

turbidity, Iron and Arsenic/Uranium.
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Glimpses of household water purifier  

There is no reason for anyone to suffer from water quality – As, U, F, Hg,….



Snapshot view of household water purifier customer care web platform
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5 nm
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Combination of cactus and Namib desert 
beetle effect

Depanjan Sarkar, et. al. Unpublished.
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What do we do when water is not there?
Harvest humidity!



Atmospheric humid 
air 

Air filter 
membrane

Filtered 
humid air

Cooled nano-
engineered surface

Peltier
cooler

Condensed 
water drops

Exhaust hot 
air

Ramesh Kumar Soni and Ankit Nagar

VayuJAL Technologies Pvt. Ltd.
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Products in the field

35 LPD     120 LPD                         400 LPD                                                      1000 LPD             2000 LPD

(LPD: Litres per day)



Solar- heat-enabled atmospheric water capture at
a relative humidity as low as 20%

Porous metal-organic framework (MOF-801, Zr6O4(OH)4(fumarate)6)

Kim Hyunho, et al. Science, 356 (6336) 2017

Sustainable atmospheric water harvesting 
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Capacitive Desalination (CDI) – brackish water

Our new company
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Soujit Sengupta, Rabiul Islam and others



Products under implementation

34

Vijay Sampath and Tullio Servida
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Ainla A., et al. Analytical Chemistry, 90 (10), 2018.
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Analytical devices



Analog/Grating
Equipment

$ 5~6 Billion (2017)
a few 100k units  (2017)

Ultra compact Low Cost
Spectral Sensor Module 
~ Billions units ( ? 2027 )

Water quality measurement – In the pipeline

Sensors and new opportunities



https://www.pmfias.com/wp-content/uploads/2016/01/Coastline-of-
India-–-Indian-Coastline.jpg
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All on photovoltaics

Membrane distillation
Capacitive deionization
Atmospheric water harvesting
Water recycling
Rainwater harvesting
Wastewater-based epidemiology
Nanobubbles and oxygenation

Technologies for water security



Hydroinformatics
Application of computing technologies for efficient, sustainable and equitable water 
management. 

Digital water or water 4.0 will revolutionize water management.

AI  

IoT and 
Cloud

Blockchain

Hydroinformatics

Modelling and 
simulations

VR/AR

Cyber-physical 
systems 



Water 4.0
Digital twin of water resources 

Digital twin is the digital visualization and representation of a physical or natural system, which may gather 
data continuously from its physical counterpart and interact with it via a control system. 

Create a digital twin of different elements of hydrologic environment – surface water bodies, ground 
water, rivers, and urban water utilities. 

Data-driven modelling of events such as flood inundation of rural and urban areas with 3D visualization 
using the digital twin representation of the landscape.   

Integration of real-time modelling of groundwater and surface water, water supply networks and utilities 
combined with analytics platform more accurate decision making.



https://www.unnatisilks.com/blog/naturally-colored-cottons-a-regain-in-popularity/

Traditional knowledge

Genetic diversity – opportunities and sustainability



Indian agriculture
67% of agriculture run on GW

Data from NASA 

Total districts 742
Water stressed >300
256 with critical or overexploited ground water levels
‘India is suffering from its worst water crisis in its history.’



So much is happening on the ground

Arsenic free rice 

Iron rich, silver rich, etc. rice
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Policy
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International Centre for Clean Water



IIT Madras Research Park



Water is big and …. India is safe 

Per capita water availability – 1500 CM 

That water and its benefits need to reach all.

We have solutions for each one of the problems of water – we need to 
invest in them - water has to be brought to the living room

3Ss for water Store – Sensitive – Smart 
Average rainfall 1085 mm, 85th in a list of 186 countries
Traditions of storage and conservation – we store just about 8%
Water is for all – for every living form
83% of freshwater species have declined globally in the last 50 years! 
GDP can grow even by capping freshwater withdrawals
We must find technologies of relevance
Energy - food – clothing – construction – manufacturing - …..

Water is big in every scale – Gaps, opportunities, wealth, satisfaction

Peak water

Peter H. Gleick and Meena Palaniappan, PNAS, 2010, 107, 11155–11162



Building capacity
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Start-ups and partners:



Our collaborators



Indian Institute of Technology 
Madras

Bhaskar Ramamurthi/V. Kamakoti

Thank you all

Associate Editor


