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We thank all participants from india and around 
the world for making the second india water impact 
summit, a great success. Various skills, knowledge, 
perspectives and sensibilities shared during the summit 
have helped to articulate, enlist and evaluate evidences 
based on different point of views. suggestions and 
recommendations from every participant are highly 
valued and respected. 

The first summit, held in 2012, was an aggregate 
of numerous activities that had been taking place over 
the previous year or so in regard to managing india’s 
water resources. continuing the thrust of the previous 
summit, the present summit deliberated on both macro 
as well as micro issues related to the water sector 
moving the market dynamics towards the adoption 
of an integrated water resource management model. 
The government of india would be deploying large 
amounts of capital investment in the water sector 
across different riparian groups – agriculture, that is 
estimated to take about 85% of surface water, industry 
that draws nearly 9% of water and households that get 
only 6% of surface water. issues of a different gauge 
– water quality and quantity were discussed on the 
same platform. The platform provided an opportunity 
to develop and showcase economic, technical, social 
and financial solutions that can be propagated into the 
market. in addition, the summit infused new ideas and 
dynamism in india’s water governance to bring together 
public, private and civil society actors for an overhaul 
of india’s rural and urban water environment.   

river ganga (ganges) was declared as a national 
river on november 5, 2008. The river warrants such a 
status as it is revered as a “living being”, a holy mother 
for millions of indians that not only see her as the 

supreme purifier but also depend on her for their daily 
livelihood. what happens in the ganga river Basin (grB) 
has a large impact on the nation since nearly 50 crore 
(500 million) people live within the basin. The clean-up 
of river ganga (and other rivers flowing into her such as 
the yamuna) has been an emotive subject for millions of 
indians and people internationally. 

implementing a framework of actions that stops 
all effluents from going into the river is the first and 
the foremost important mission (Mission nirmal Dhara 
or Mission Un-polluted Flow). This is being purported 
through the Zero liquid Discharge (ZlD) philosophy 
which suggests that water, once drawn out from the river 
body, should not be returned directly to the river. it should 
instead be recycled and reused, with only excesses being 
indirectly returned after treatment through groundwater 
recharge. ofcourse this philosophy also applies to the 
groundwater being drawn out for various purposes. if 
the model is implemented in its entirety the river over the 
years will see a dramatic reduction in pollution levels 
and with fresh water coming from upstream sources and 
increased base flow should clean itself up.

The second major mission to restore the river is 
to have adequate water in the river system (Mission 
aviral Dhara or Mission Uninterrupted Flow). since the 
agriculture sector is the major riparian consumer of 
the river water (estimated to utilise 85% of the surface 
water), bringing greater irrigation efficiency and 
adopting resource-conserving agricultural methods 
can have dramatic impacts on the water levels and 
therefore on river pollution.

The water quantity issues lead to roaring debates 
as to which economic sections of the society have 
greater access to water. The answer to that is very 

simple – all. There is massive room for improvement in 
usage of water across every single strata of society. The 
agriculture sector must look at numerous techniques 
to reduce water consumption such as crop selection, 
cropping pattern, irrigation techniques, irrigation 
scheduling, soil moisture conservation techniques, 
and even the most innovative methods such as urban 
agriculture and soil less agriculture.

industry must also reduce its water footprint 
dramatically both in consumption as well as in its 
discharge. common households already bear the brunt 
of water shortage, but even domestic water consumption 
can be reduced in many urban areas. without such 
effort, increasing urbanisation will increasingly stress 
groundwater levels.

none of the above issues are new in its content, 
but it is in the implementation of appropriate measures 
where the summit proceedings moved the discourse 
towards adopting a new paradigm to truly understand 
and appreciate water as a precious natural resource that 
should not be squandered or converted to poison. 

it is estimated that to restore ganga to its former 
glory will require over rs 6 lakh crores ($100bn). The 
government doesn’t have the luxury of that much 
available capital and must therefore use many new 
models including extensive use of public private 
partnerships (ppp).

The term ppp is a contract between the government 
and a third party to deliver certain services. The contract 
must be governed and monitored by a regulatory 
framework which provides a band for water pricing, the 
exact definition of water rights, and its usage. whilst 
the framework may apply to concessionaire, it must 
also equally apply to households and the other riparian 
sectors such as industry and agriculture.

The india water impact summit – 2017 came at 
an important juncture when india is poised for rapid 
inclusive growth that can lead to not only greater 
prosperity for all, but also a healthier water environment 
in consonance with the government’s “swachha 
Bharat” initiative. The ganga river Basin Management 
plan prepared by the consortium of 7 indian institute 
of Technology (iiTs) has already laid down a strategic 
roadmap to meet this goal in the ganga river Basin, and 
the summit further added value inputs for this basin as 
well as the whole of india.

a number of countries such as canada, israel, 
australia, singapore and parts of europe have developed 
water focused innovation clusters that not only increase 
the rate of technology transfer but also have a net 
positive contribution to the gDp by creating more jobs 
and increased exports. as india moves towards a new 

water economy, it must also develop its own innovation 
clusters to sustain and support this growth.

water economy, as the world knows it, is not just 
piped water. it also includes those who are in distributed 
environments such as the rural population or the urban 
poor. The former is seriously affected by groundwater 
pollution and depleting levels, whilst the latter in many 
circumstances end up paying nearly 100 times more 
than those drawing water from the municipal pipes. 
The summit recognised this water inequality and put 
great efforts to develop innovative models for water and 
sanitation in the distributed environment. at the same time, 
the summit brought out new possibilities of water and 
wastewater management in the complete urban sector 
where india’s population is rapidly migrating and growing. 

no major development can take place without 
financial backing. although ppp is one such 
methodology that the government can use to finance 
water projects, but it is merely a different source of 
capital. it doesn’t affect the underlying risk associated 
in developing water projects. The summit highlighted 
some of the cutting edge financial instruments that are 
being developed to improve the attractiveness of water 
projects. some instruments are: water Quality Trading; 
water credit wraps; water insurance; water bonds and 
community based financing models.

The role of civil society and faith groups is highly 
pronounced in the indian context. it is imperative that 
the government and all concerned actively reach 
out to representatives of these groups that provide a 
barometer to the needs of the people of india from both 
civil as well as religious contexts. The summit provided 
a dynamic forum for interaction and collaboration with 
civil society and faith groups.

whilst the summit itself is intended to be a regular 
activity, but between such events cganga will progress 
the discussions on each of the topics as model projects 
so that the recommendations can become a reality. 

we thank all participants for their active engagement, 
not just in dialogue, but also in the development and 
implementation of these new models.

we would also like to thank the indian government, 
strategic partners, panellists and speakers, sponsors, 
and the staff and volunteers who put in a lot of faith and 
hard work into making this summit a success. 

The organisers have decided to establish a new 
multi-disciplinary, multi-stakeholder forum that would 
bring together policy makers at national and regional 
levels; technology and engineering firms; finance and 
investment representatives, and the civil society. cganga 
look forwards to meaningful engagement with one and 
all across the globe. 

U P SInGH
secretary, Ministry of water resources, 
river Development & ganga rejuvenation, 
government of india & Director general, 
national Mission for clean ganga (nMcg)

VInoD TAre
professor and Founding head of
centre for ganga river Basin 
Management & studies (cganga), 
indian institute of Technology Kanpur
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Minister
Water Resources

River Development, Ganga Rejuvenation,
Road Transport, Highways and Shipping

Government of India

i am glad that the “india water impact summit - 2017” (iwis-2017) is being organized 
jointly by the centre for ganga river Basin Management and studies (cganga) and the 
national Mission for clean ganga (nMcg) to bring together national and international 
experts and key stakeholders for wide-ranging discussions and exchange of ideas on 
india’s water and environment infrastructure and managing our river basins holistically. 

Fresh water is a valuable and critical natural resource for a developing country 
like india and river basins are their repository along with other resources. what 
makes water critical is its limited availability in the country as well as its being bound 
up with other natural resources that are the essential ingredients of vibrant life and 
development in the country. 

with rapid industrialization, urbanization and agricultural growth, india’s water 
needs are becoming increasingly varied and intense, thereby producing increasing and 
unforeseen pressures on our water bodies. simultaneously increasing amounts and 
different types of wastewaters are being generated, which need to be de-polluted to 
prevent the receiving water bodies from suffocation. 

i am extremely pleased, therefore, that iwis-2017 will brainstorm over key aspects of 
our water environment management like municipal and industrial wastewater recycling 
and reuse, innovative management approaches to urban water bodies and drainage, 
agricultural water management, sustainable hydropower generation, revival of rivers and 
water bodies, and creating institutional mechanisms to foster innovative management 
and policy changes in the water environment sector. 

i am confident that, by bringing together a wide gamut of multi-disciplinary experts 
and stakeholders for wide-ranging debates on many well-thought out topics, iwis-2017 
will help in chalking out a strategic and socio-culturally acceptable pathway to manage 
our river basins scientifically and create an exemplary water environment in the country, 
thus providing great impetus to india’s all-round sustainable development. 

i wish the summit a great success.

Date: 29th november 2017

place: new Delhi

nITIn GADkArI

(nITIn GADkArI)

meSSAGe

Ganga in Himalayas mountains, Uttarakhand
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Minister of Drinking Water and Sanitation
Government of India, New Delhi-110003

i am very pleased to know about the second “india water impact summit “ (iwis-2017) 
being jointly organised by the centre for ganga river Basin Management and studies 
(cganga) and the national Mission for clean ganga (nMcg) for exhaustive discussions 
on critical aspects of india’s water environment infrastructure, and managing our river 
basins sustainably by renowned national/ international experts and stakeholders.

since i have had close interactions with nMcg (in initiating rigorous cleaning 
programs of national river ganga) and the iiT consortium in preparing a very 
comprehensive ganga river Basin Management plan 2015, i am well aware of their 
efforts to handle their challenging tasks. The proposed iwis-2017, therefore, comes to me 
as very enthusing news, since i believe that it will help us to expand our understanding 
and develop easily implementable state-of-the-art solutions to many thorny problems 
pertaining – not just to the holy ganga river – but to other rivers of our country as well.

our nation has been bestowed with many natural resources, not the least of which 
is water. But it is intricately tied up with other natural resources like soil, nutrients, 
micro-organism, plants and animals, and ofcourse our own worldly and spiritual lives. 
and our rivers are a reflection of our vital dependence on this multi-faceted resource. 
so if modernity has introduced new demands and depredation on our water bodies and 
rivers, modern scientific knowledge can also combine with our traditional and ground 
knowledge systems to evolve appropriate solutions for a healthy and life enhancing  
water environment.

Therefore, i much appreciate that iwis-2017 will deliberate over such pressing 
aspects of our water infrastructure and environment like wastewater recycling and 
reuse, agricultural water conservation, environmentally benign hydropower generation, 
rejuvenation of our rivers and water bodies, management innovations for efficient urban 
drainage, and evolving new institutional and management mechanisms for the water 
environment sector. i have no doubt that the outstanding multi-disciplinary experts 
and stakeholders participating in the summit will contribute to a clearer and foolproof 
roadmap for reviving our rivers and water bodies while enabling faster economic and 
national development for a long time to come. i wish cganga and nMcg great success 
for iwis-2017.

UmA bHArTI

meSSAGe

(UmA bHArTI)

Ghats on the bank of Ganga  
river at Varanasi, Uttar Pradesh.
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Chief Minister

Bihar

i am happy to learn that the “india water impact summit-2017” (iwis-2017) is being jointly organized by 
the centre for ganga river Basin Management & studies (cganga), iiT Kanpur and the national Mission 
for clean ganga (nMcg), government of india, for incisive discussions by national and international 
experts and major stakeholders about ganga river Basin Management.

river ganga remains the central theme for millions of indian for its religious, cultural, economical 
and social integration. while ganga and its tributaries used to flow in its pristine glory, it carried many 
minerals, microbes and nutrients to the plains which naturally made itself purifying and fertile. over time, 
ganga has lost her pristine glory and presently is on the verge of losing its incessant flow and purity.

as the upper riparian states of ganga have constructed a number of dams, barrages and other 
structures, there is a decrease in flow of river ganga since last several decades. on the one hand the 
flow of river ganga has been affected due to de-forestation and mining activities in the hills, while on 
the other hand, enormous quantity of silt from hills is reaching the plains. Due to decrease in flow in river 
ganga large quantity of silt gets deposited in river bed. as a consequence its bed has risen, its water 
carrying capacity has decreased, tendency of meandering and braiding has increased, resulting in 
increased shoal formation. The shoal formed in flow area of river ganga is not even getting submerged 
during flood due to which intensity and extent of flood in Bihar has increased.

hence, to get a long term solution for the above problem, a silt Management policy is required to 
be framed at national level which should cover not only ganga but all rivers in maintaining aviralta and 
nirmalta as well as for betterment of environment & eco-system.

after the construction of Farraka Barrage the natural flow of river ganga has been obstructed. The 
silt upstream of the Barrage which used to flow out during the flood is now getting deposited in river 
bed. Due to this the flow width of river ganga has increased and the back water now reaches patna 
and is moving further upstream. Time has come for re-evaluation of the utility of Farakka Barrage. Many 
environmentalist and specialist had from time to time expressed their views on the effect of Farakka 
Barrage and its ill-effects. The answer to it cannot be found until the matter is examined encompassing 
all issues in a coordinated manner.

The diminishing lean season flow in ganga in Bihar portion is one of the prime concern of Bihar. To 
maintain an environmentally acceptable lean season flow in this portion is essential not only for the 
ecology & environment of the river system but also for the very existence of the ganga itself. in the light 
of the international agreement on Farakka, it becomes even more sensitive issue. so, a mechanism is 
urgently required which may assure the release of proportionate/sizable amount of water into ganga 
from the upper basin states in lean seasons.

in the last 45 years or so, the number of dense habitations has increased manifold in the vicinity of 
ganga in Bihar. This has caused increased demand of ganga water for the population in one hand and 
the increased hazard due to flood every year on the other hand. all these require a coordinated approach 
involving both centre and sate to provide the population a healthy and safe life with enhanced quality.

it is our view that the work of national water way -1 should be based on ground reality and 
environmental balance. we vehemently oppose any type of Barrage on this water way. a comprehensive 
view has to be taken for development of the water way encompassing the problem of enormous silt and 
its management, river morphology, ecology, environment, Vikramshila gangetic Dolphin sanctuary and 
problem arisen due to Farraka Barrage.

To focus on these issues related to incessant flow of river ganga, an international conference at 
patna on 25-26 February 2017 and another conference at new Delhi on 18-19 May 2017 were organized 
by water resources Department, government of Bihar. The outcome and declarations of these 
conferences have been submitted to government of india for needful action.

as our state’s development has gathered pace, our water needs are also increasing and more 
domestic and industrial wastewaters are being produced. since these changes stress our water 
environment, better safeguarding and sustainability considerations will be required to ensure unfettered 
development of our agriculture, industry and civic life. state government is working towards stopping 
the flow of treated or un-treated sewage into the river and alternatively use the treated sewage for 
irrigation. in its agriculture road Map 2017-2022, the government has decided to create organic corridor 
along both banks of the river ganga in the state.

in the background of the abovementioned critical issues, i am delighted that iwis-2017 will discuss 
many key aspects of our water and environment infrastructure, such as municipal and industrial 
wastewater treatment and reuse, revival of rivers and water bodies, innovative methods to manage 
urban water bodies and drainage, agricultural water conservation, and new management strategies for 
the water and environment sector.

i am confident that the second india water impact summit will prove beneficial to both india and 
our state. i wish the organizers a very successful summit and look forward keenly to the insights and 
opinions that emerge from it.

nITISH kUmAr

meSSAGe

(nITISH kUmAr)
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•	 Years	ago,	I	did	not	understand	why	
the then secretary said, “The next 
world war will not be fought over oil 
but over water”. Today, i know that 
we are already water-stressed. Due 
to population growth, india’s per 
capita availability of water is about 
one-fourth of what it was at the time of 
independence. 

•	 Due	to	climate	change	the	rainfall	
distribution in time and space has 
become weird, causing more floods 
and more droughts in india.

•	 80%	of	our	water	usage	is	for	
agriculture, but our irrigation efficiency 
of merely 38%, can be easily improved 
by methods such as piped irrigation 
supplies instead of open canals, and 
micro-irrigation systems instead of 
conventional irrigation.

•	 Groundwater	(GW)	Management	is	
also an area of concern. in much of 
punjab and haryana gw is being so 
over-exploited that there will be no gw 
left after 10-15 years, whereas in Bihar, 
Jharkhand, odisha, chhattisgarh, and 
n-e india gw exploitation is very low.

•	 It’s	not	only	water	quantity,	water	
quality is also a matter of concern.

•	 In	India	water	resource	development	
is less important today; what we have 
to really cater for is water resource 
management. our focus must shift from 
supply side management to demand 
side management.

•	 Our	approach	to	conservation	and	management	of	the	Ganga	River	Basin	is	
unique and adopts modern science and technology in synergy with ancient 
knowledge and traditional wisdom – the traditional knowledge of our people.

•	 River	Ganga	holds	an	exalted	status	in	Indian	consciousness	as	evident	
from lord Krishna’s evocation in the Bhagwad gita: 

  “i am the wind among things of purification, and among warriors i am rama 
– the hero supreme. of the fishes in the sea i am Makara – the wonderful, 
and among all rivers – the holy ganga.” 

•	 Traditional	wisdom,	driven	into	people’s	consciousness	as	faith,	
encapsulates all our modern ideas of human actions that are harmful 
for the river as well as humanity. For instance, the “shloka” 

  
 
 
 prohibits 13 actions (namely defecation, gargling, throwing of used floral 

offerings, rubbing of filth, flowing bodies (human or animal), frolicking, 
acceptance of donations, obscenity, considering other shrines to be 
superior, praising other shrines, discarding garments, bathing, and 
making noise) to protect river ganga.

•	 Again,	traditional	knowledge	judges	each	river	as	distinctly	different	
from one another. But since the complexities of rivers cannot be easily 
understood by lay people, the same awareness can be achieved through 
faith. Thus the “shloka” 

 

 (which literally means “a sin of a human being is purified by taking bath in 
the holy river saraswati for three days, in holy river yamuna for one week 
and in holy river ganga in one dip. however, all sins of human beings are 
purified only by viewing the holy river narmada“): 

•	 In	managing	the	Ganga	River	Basin	we	strive	to	ensure	economic	
development – but while preserving the river. This is the vision of our 
hon’ble prime Minister shri narendra Modi-ji and our Ministers Uma 
Bharti-ji and nitin gadkari-ji. and we adopt the principle of “sabka 
sath sabka vikas”, thereby including national and international people, 
concepts and technologies to achieve our objectives. 

•	 Before	coming	to	politics	I	gave	religious	discourses.	I	was	heard	
by rajmata Vijaya raje sindhiya in 1969. That time i was 8 years 
old. she brought me into BJp. when nitin gadkari-ji became the 
national president of BJp, he brought me back into the party.  

•	 I	became	Chief	Minister	of	Madhya	Pradesh	in	the	year	2003.	
nitin gadkari was already my Development and roads guru. My 
second massiha was our current prime Minister, whom i called 
up early morning every day regarding day to day cabinet issues. 
in this way he became my governance guru.

•	 I	have	distributed	Ganga	Jal	to	all	Lok	Sabha	and	Rajya	Sabha	
members. Muslim members asked, “what does Uma Bharti 
want”? when told that i wanted an act on river ganga to be 
cleared unanimously by parliament, they replied that we are all 
together on this issue and will support it unanimously.

•	 I	started	meeting	people	like	Chandi	Prasad	Bhatt,	G.	D.	
agarwaal, sundar lal Bahuguna, Vinod Tare, Kazmi, Kamal Jain, 
nayan sharma. i became the minister for ganga and nitin-ji 
supported me a lot. we analyzed the situation – where iiT 
consortium was our comrade.

•	 Ganga’s	work	cannot	be	completed	by	ego.	I	wrote	to	Prime	
Minster that ganga is a river of Torrents and not a river of 
hunger. ganga is not a river for making profits. ganga is the river 
to give. There should be no exploitation of ganga any further. its 
continuity, cleanliness and e-flow should be ensured. 

•	 I	requested	Prime	Minister	that	I	should	be	freed	from	
responsibilities of the ministry. The new work he allotted me 
was “swacchata abhiyaan” and “rural drinking water”. and in 
swacchata abhiyaan, again ganga is there. 

•	 We	have	to	learn	from	Rhine	and	Thames	to	restore	our	rivers.	
But with differences – ganga will also be a river to take a dip in.

•	 The	format	of	the	Ganga	Act	has	been	submitted,	so	also	the	de-
silting report, the water quality report by neeri, and tree plantation 
report by Fri. and the eTp and sTp plan by nitin gadkari-ji is on 
fast track. as many people associated with ganga are here today, 
i hereby announce that i want to see each and every project to be 
implemented by october 2018 – not the end of every project, but 
the beginning or middle of every project. if it is not done by october 
2018 then i myself will undertake “great fasting” and “great 
prayer” at prayag Triveni sangam. with these words, i thank iiT 
consortium, greetings to all scientists, and my guru nitin gadkari-ji.

•	 I	extend	my	good	wishes	and	active	
involvement of the scottish government 
as partners in working for a project of 
enormous passion to ensure that the 
key water challenges facing india, and 
particularly of the holy river ganga,  
are resolved.

•	 Water	is	a	vital	part	of	Scotland’s	natural	
capital comprising 70% of the area and 90% 
of the entire volume of United Kingdom’s 
inland surface water. we recognize that 
our economy, environment, health and 
wellbeing are all based on water.

•	 Scotland	and	India	are	already	working	
successfully together. The collaboration 
on “ganga river health” project, funded 
by the scottish government and led by the 
Unesco center for water, law, policy & 
science at the University of Dundee, will 
take forward our hydro-nation strategy 
with the central aim of developing and 
growing the value of water resources in a 
responsible and sustainable way. 

•	 The	World	Economic	Forum	identified	
india as a top global risk in terms of 
impact in 2015. india is in a period 
of significant change, which puts 
considerable pressure on an under-
developed water infrastructure. That is 
why we have committed our support to 
the ganga river health project.

•	 It	is	a	huge	pleasure	for	us	to	share	our	
expertise acquired over the years in 
scotland to work with our colleagues 
in india and make a positive difference 
to enhance the natural environment of 
river ganga and contribute to improving 
the health, wellbeing and sustainability 
of people of this wonderful country in a 
spirit of friendship and cooperation for the 
benefit of all.

HIGHLIGHTS of SPeecHeS

UP SInGH 
Secretary, Water 
resources, river 
Development & 
Ganga rejuvenation, 
GoI & DG, nmcG

VInoD TAre 
Professor & founding Head,  
cGanga, IIT kanpur

UmA bHArATI 
minister of Drinking Water 
and Sanitation, GoI

JoHn  
SWInneY 
mSP
Deputy first minister 
& cabinet minister for 
education and Skills, 
Government of Scotland

¼eRL; iqjk.k 185@10&11½
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•	 I	congratulate	the	Centre	for	Ganga	River	Basin	Management	and	Studies	(cGanga)	and	National	Mission	for	
clean ganga (nMcg) for organizing india water impact summit (iwis). cganga is our knowledge partner for 
namami gange programme and so far as government of india is concerned, we are very open, transparent 
about the new technologies, new innovations and successful practices in the world. 

•	 In	the	21st century knowledge is most important. science, technology, innovation, entrepreneurship and 
research are knowledge-based, and use of knowledge for wealth creation is the future of our country.

•	 There	are	two	main	problems	in	our	country	–	one	is	water	and	the	second	is	poverty.	But	the	main	reason	for	
poverty itself is water shortage.

•	 More	than	3000	TMC	of	the	Godavari	river	waters	go	to	the	sea	every	year	without	being	properly	used.	Why	
are we not using this water for irrigation and drinking purposes in water-scarce areas of Karnataka, andhra 
pradesh, Telangana? i have appointed an expert committee to look into that.

•	 For	the	last	10	years	I	am	working	with	an	NGO	and	have	completed	25-30	water	conservation	projects	with	
clear socio-economic impacts. The world Bank has assured us 6000 crores of finance, and with that i am 
confident of implementing an innovative water conservation plan in areas where water levels are very low.

•	 If	there	is	a	will,	there	is	a	way.	And	if	there	is	no	will,	then	there	are	only	surveys,	discussions,	seminars,	
committees, and sub-committees.

•	 The	Namami	Gange	project	has	four	parts.	One	part	is	related	to	water	recycling.	We	can	convert	sewage	
water into clean water for use in the power industry, railways and irrigation. There are 12 thermal projects on 
the ganga run by nTpc. i request the power Minister to use recycled water for their power generation. 

•	 The	second	part	relates	to	the	construction	of	Ghats,	Moksha	Dhams	(Cremation	Facilities),	parking	places,	
roads, and Dharma shalas (facilities for tourists/communities generally made available free or at nominal 
charges). seven corporate bodies have already committed to spend 1000 crores for this. But we also need 
contribution from at least 1 crore people.  

•	 The	third	part	is	under	Uma	Bharti-ji’s	guidance.	We	have	4500	villages	on	the	Ganga,	and	we	want	their	
integrated development as ganga grams.

•	 The	fourth	part	is	plantation.	Here	again,	with	Uma-ji	as	Chairman,	we	expect	to	plant	almost	10	crore	trees	on	
the ganga river front with cooperation from educational institutions, paramilitary forces, police forces, nss, 
and ngos.

•	 The	fifth	important	thing,	where	too	I	need	cooperation	from	Uma	Bharti,	is	not	to	keep	Namami	Gange	
as an exclusive government project. we have to bring it into the public domain for Jana sahbhag – social 
participation. 

•	 Lastly,	research	and	study	are	very	important.	Kindly	give	your	suggestions	to	the	concerned	department	and	
to me. i am a student of management, not a scientist or engineer. you tell me. and, with your support, it will be 
implemented. i thank you all.

•	 Slovenia	is	a	member	of	the	28-nation	European	
Union that enjoys prosperity, stability and growth. it 
is a knowledge-based society that stimulates high 
value- based innovations, technology, science, 
research and infrastructure. ranked 3rd in the 
global innovation index with science and research 
excellence, we are sharing our expertise globally 
and especially with india and indians.

•	 Slovenian	and	Indian	societies	are	historically	
well-connected. For instance, we have a common 
language source. and gandhiji’s teachings of 
satyagraha and non-Violence substantially 
influenced our society a couple of decades ago. 

•	 The	Slovenian	government	gives	major	attention	to	
the european call for smart specialization, which 
is a trigger for additional improvements of our 
innovations.

•	 We	are	focusing	on	clean	water,	smart	living,	and	
green environment. we seek collaborations in fields 
such as smart factories and cities, and sustainable 
food, which can be directly linked with indian 
counterparts like clean ganga and wastewater 
Management. 

•	 Slovenia	is	fully	committed	to	sustainable	
development. we strongly support the program 
ganesha, guided by the entities ict-iot and smart 
city to provide sustainable ideas and systems to 
people. slovenia is already working with india in 
small villages along with smart cities by the end of 
January. praise lord ganesha, the protector of our 
planet, and remover of obstacles.

•	 Belgium	and	India	have	had	excellent	relationships	
for 70 years, which we are taking to another level 
in this century. This innovative relationship is in the 
context of new global challenges – including how to 
preserve our rivers.

•	 Belgium	was	the	first	country	where	the	industrial	
revolution took place in the 19th century, and we 
developed many techniques and technologies 
to face the consequent challenges. now we 
are developing newer technologies to face 
challenges that have developed since the end 
of the 20th century. … and these solutions can 
benefit india too!.

•	 In	the	1990s	I	was	responsible	for	negotiating	
environmental directives in Brazil. in 1997 we 
negotiated an ambitious Framework on water as 
part of these directives, and its implementation is 
successfully ongoing as of now. 

•	 Belgium	is	keen	to	work	with	India	on	sustainable	
development and management of water resources. 
our collaboration has been reinforced by the annual 
conference jointly organised recently by the Belgian 
company, Vito, and the indian government.

•	 Vito,	in	collaboration	with	Infosys,	has	also	set	up	
a model wastewater treatment plant with energy 
resource recovery, and are planning more such 
projects. Belgian companies are (also) looking 
forward to collaborate with indian authorities at the 
central, state and local levels.

•	 We	have	also	signed	an	MOU	with	cGanga	this	
year to set up a Belgian Desk of cganga to help and 
facilitate cganga’s activities in our overall scheme.

HIGHLIGHTS of SPeecHeS

nITIn GADkArI 
minister, Water resources,
river Development, Ganga rejuvenation,
road Transport, Highways and Shipping, GoI

JAn LUYkX 
Ambassador of belgium in India

frAnc mATJAZ 
ZUPAncIc 
State Secretary, Slovenia
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•	 International	collaboration	for	treating	wastewater	
systems is essential since no country has a 
complete solution. The issue transcends political 
boundaries. 

•	 Last	week,	in	Singapore,	their	water	engineers	
shared with me the challenges and opportunities 
for river restoration. in the week before that, we had 
co-hosted an international river science symposium 
in singapore on the theme of multiple aquatic values. 
The issues discussed in them are as relevant for river 
ganga as for other rivers of the world. 

•	 Yesterday	there	was	a	panel	discussion	on	
governance and legal structure needed for ganga 
river basin. in the past a similar conversation in 
new Zealand had led to our passing a legislation 
on river authority for our rivers. 

•	 The	aim	of	river	management	is	to	have	healthy	
rivers since rivers sustain aquatic lives as well as 
prosperous communities. river management must be 
an intergenerational approach for river restoration.

•	 Our	River	Authority	administered	a	quarter	billion	
dollars for river cleaning initiatives. Many of these 
initiatives combine traditional knowledge with 
cutting age technologies. 

•	 You	need	to	adhere	to	a	vision	for	saving	
river ganga. There is considerable support 
from my country and the global community to 
make improvements in the ganga river Basin 
through cooperation and sharing of knowledge. 
particularly, we would like to work with cganga on 
developing report card approach adopted by us 
for waikato river in new Zealand for river ganga.

•	 We	have	to	identify	ourselves	with	rivers:	“I	am	the	
river and the river is me.”

•	 In	the	year	1968	I	was	asked	by	the	Joint	Secretary	to	
find a solution to cleaning of feces of untouchables – 
which was one of Mahatma gandhi’s dreams.  
i lived in a colony of untouchables and cleaned 
toilets myself to understand their pain. 

•	 Gandhi	wrote	that	“Indians	are	ready	to	face	
the bullets of the British but unable to eat with 
untouchables”. it was so hard those days. But it was 
necessary to improve both sanitation conditions and 
the conditions of human scavengers.

•	 I	invented	the	two-pit	technology	in	which	two	
pits are attached to the toilet system. one pit is 
used at a time. only when the first one is full, the 
other one is used. roughly after two years the pits 
contain mostly granular fertilizer rich in nitrogen, 
phosphorus and potassium.

•	 The	Government	of	Bihar	initially	applied	our	
technology for 200 toilets and, seeing their success, 
gradually converted sanitation systems from bucket 
system to sulabh technology, thereby curbing open 
defecation and human scavenging.

•	 Only	732	towns	and	cities	in	India	have	sewerage	
systems and that to only partially. Thus public toilets 
need to be connected to septic tanks or biological 
digesters. in Bihar, we have successfully provided 
street lighting from the digesters’ biogas. 

•	 The	two-pit	toilet	system	was	declared	the	best	
practice in istanbul in 1996. any state government 
can use this system.

•	 The	Ganga	is	not	merely	a	river	but	part	of	the	lives	
of millions of people. in its pristine glory ganga and 
her tributaries carried many minerals, microbes 
and nutrients that made the ganga waters self-
purifying and fertile. But due to a series of human 
interventions, it has lost its glory. … ganga in Bihar 
is no more a matter of pride and joy, it has become a 
source of immense suffering.

•	 At	the	entry	point	of	River	Ganga	in	Bihar	near	Buxar	
the flow is only 400 cumecs. But Bihar is burdened 
with the national duty to deliver minimum 1500 
cumecs of water through river ganga at Farakka 
under the indo-Bangladesh Treaty.

•	 Low	discharges	in	River	Ganga	have	resulted	in	
ever increasing sedimentation. hence, floods have 
become a regular phenomenon, causing extensive 
damage to cash crops and basic infrastructure, as 
well as massive dislocation of vital services.

•	 Floods	have	become	more	recurrent	and	for	longer	
durations due to Farakka Barrage. The Barrage 
also appears to contribute to regular aggradations 
of the river bed by arresting the flow of sediment. 
extensive scientific study of the Farakka Barrage 
from the viewpoint of its sediment transport 
capacity, high looseness factor, and retrofitting of 
sediment sluicing should be done. 

•	 Dredging	for	National	Waterways	project	should	be	
put on hold until a scientific study on the impact of 
dredging on erosion is done. 

•	 It	should	be	the	joint	responsibility	of	the	Ganga	
Basin states to provide water to the ganga to meet 
india’s obligation to Bangladesh.

HIGHLIGHTS of SPeecHeS

bob PenTer 
chief executive,  
Waikato river Authority, 
new Zealand

bInDeSHWArI PATHAk 
founder, Sulabh International Social 
Service organisation, Delhi

rAJIV rAnJAn SInGH  
minister, Water resource 
Department, Government of bihar
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S1.1. ProbInG THoUGHTS
The rate of innovation in the 
environmental and clean-tech sectors 
is unprecedented. all prospective 
clients wanting to adopt the solution, 
the investors and lenders to the project 
and environment regulators will want 
that the claims made by the inventor/
manufacturer about the achievements of 
the proposed technologies are verified 
by an independent and qualified body.

india is a huge market for many 
such new innovations and ganga river 
rejuvenation programme (popularly 
referred as namami gange programme) is 
one of the most attractive opportunities in 
the world in the water and environmental 
sector. national Mission for clean ganga, 
Ministry of water resources, river 
Development and ganga rejuvenation, 
goi, receives numerous requests from 
indian and international technology 
providers to adopt their solution in the 
river clean-up initiative. as attractive 
these solutions may be, these should  
still go through an independent 
assessment of the solution.

in india’s case (and perhaps of other 
countries of similar socio-economic 
settings) the technologies being 
proposed by companies from advanced 
and developed nations, as attractive 
and relevant as they may be, will have 
an adaptation and localisation barrier 
to cross. whether these issues relate to 
operating parameters or total lifecycle 

cost of deployment, every india based 
client will want to know if and whether 
the solution will work in india.

environmental Technology  
Verification (eTV)
an eTV is verification and a validation 
process done by an independent 
body made up of experts on a new or 
innovative technology or a solution that 
is being introduced into the market. The 
process is transparent and all results are 
made public. The process will remain 
constant for all technologies, but the 
individual steps and experts that are 
validating the technology shall change.

The benefits of an eTV Process
1. it confirms that the technology 

delivers what it claims in a wide 
range of operating conditions and  
at what costs. 

2. it benchmarks technologies against 
other existing similar solutions.

3. it is not a pass/fail certification 
process but a consultative process 
along with the technology developers 
so that all aspects are fully assessed 
and validated. if there are deviations 
or gaps then those are highlighted in 
the verification report.

4. it obviates the need for multiple 
verifications as the technology 
developer would want to market it  
as widely as possible.

responsibility division and  
verification protocol

6. Tests are planned
7. Tests performed
8. Verification report is prepared
9. results are published

S1.2. keY QUeSTIonS To be AnSWereD
1. why is the eTV process needed  

in india?
2. who are the stakeholders and how 

will it be set up?
3. how to make the process smooth  

and efficient?
4. how to make the process affordable 

and not extremely expensive?

S1.3. DIScUSSIonS
The interest in river ganga system is 
immense and numerous technological 
innovations are made to the government 
agencies on a daily basis. however, 
there is no streamlined mechanism to 
screen such technologies. it is absolutely 
imperative that an eTV process is 
established in india. The system should 

How is an eTV Programme Structured?
Based on global best practices, the eTV 
programme is at a national level and 
must have the following building blocks:
1. national steering group
2. Verification Bodies
3. Testing labs and Bodies
4. accreditation Body
5. pool of experts
6. a critical mass of technology 

manufacturers and inventors
7. an all-party consultation group.

What are the Various Steps  
 in an eTV Process?
an eTV process typically has  
the following stages: 
1. initiation through contact between 

the applicant and the examiner
2. evaluation, calibration, expectations 

and Kpis are set
3. Technology readiness level is 

evaluated/established
4. a contract is signed between the 

Verification body and the applicant
5. processes are agreed including 

DAY 1: 
Monday; December 4, 2017;  
10:00 - 11:15 h & 11:45 - 13:00 h

VenUe: 
committee room a – Vigyan 
Bhawan annex, new Delhi

cHAIr: 
Mr D p Mathuria, national 
Mission for clean ganga (nMcg)

moDerATor: 
Mr sanmit ahuja, cganga

PAneLIST: 
Mr sundeep chauhan, cganga; 
Mr richard allan, James hutton 
institute, UK; Mr Jan grimbrandt, 
Boson energy, luxembourg;  
Mr poul Jensen, eBTc, 
europe; Mr Mayank chauhan, 
logicladder; Mr harsha K, 
Kritsnam Technologies;  
Ms anita roy, luri water 
systems gmbh; Mr nitin Verma, 
2030 wrg, iFc; Dr ibrahim 
hafeezur rehman, ViTo india; 
Mr Morten hegge, cambi, 
norway; Mr Dinesh Kumar, 
Trojan Technologies;  
Mr nigel slaughter,  
ligar polymer, nZ

environmental 
Technology Verification 
(eTV) framework

SeSSIon

S1

neW oPPorTUnITIeS 
India is a huge market for many new innovations in the environmental and clean-tech sectors and Ganga 

river rejuvenation Programme (popularly referred as  namami  Gange Programme) is one of the most 
attractive opportunities in the world in the water and environmental sector.
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be applicable to international technology 
companies wanting to enter the market as 
well as the indian technology innovators 
that are keen to commercialise their 
solutions. india’s eTV application can 
and should cater to specific needs of the 
country. These are:
a. The process must provide a 

benchmark on the optimum cost of 
the solution

b. whilst most eTVs globally cater 
only to new technologies, the eTV 
india must also accept technologies 
that can be retrofitted in older 
infrastructure assets

c. it must also continuously evaluate 
improvements and evolutions of a 
particular type of technology

d. Must take into account cultural and 
social settings of india

e. Must develop and provide a decision 
support tool for urban local bodies 

TaKe away 
poinTs

S1.4. recommenDATIonS
although globally most countries have a 
single eTV body, but that may be a difficult 
task to achieve in india in a short span 
of time. it is recommended that Ministry 
of water resources, river Development 
and ganga rejuvenation establishes an 
eTV for water sector. other Ministries can 
take a cue from this and establish their 
own eTV processes. The government 
can merge all eTVs a few years down 
the road. cganga shall be responsible for 
establishing and managing the eTV for the 
water and wastewater sector in india. in 
doing so it will co-opt many other national 
institutions of high repute. 

globally, the eTV programme is 
operational in european Union, canada, 
Denmark, Japan, philippines and south 
Korea. india along with china, indonesia, 
singapore and other selective nations 
remains a keen observer wanting to adopt 

and stakeholders who are required 
to make procurement decisions on 
technologies

f. Must work alongside with a technology 
commercialisation process which 
can provide financial and commercial 
inputs to eTVs panel of experts.

great care must be taken to ensure 
that the eTV process doesn’t become 
a technology recommending body, 
objective or standards setting body. 
allowing these processes to creep 
into the scope of eTV framework 
shall compromise the integrity and 
efficacy of such a model. however, the 
knowledge and knowhow in the eTV 
community can most definitely be of help 
to those institutions and departments 
who are responsible for establishing 
environmental goals and objectives.

the eTV framework. an international 
working group was established in 2008. 
The working group formally invites 
nominees from nMcg and cganga to join 
the working group as observers.

Following two-step process is suggested:
a. process 1:  eTV process shall certify 

if the technology is fit for purpose  
in india

b. process 2:  a commercialisation 
process which shall certify if the 
technology and more importantly 
its management is fit for 
commercialisation in india.

HoW To JoIn:
participants wishing to join the working 
groups can do so online at the cganga 
website (how to engage with us) and 
select working group Ties5.

A working group with Indian 
and International experts to 
brainstorm and provide guidance 
in establishing India’s eTV 
programme.

India invites other countries to 
take part in establishment of the 
Indian eTV framework.

Include major national institutions 
in the establishment.

Set up a technical working group 
in which individual experts can 
become members.

Initiate immediately with an 
interim eTV process till complete 
framework is established.

Environmental 
Technology Verification 
(ETV) Framework

SeSSIon

S1
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S2.1. ProbInG THoUGHTS
Under the umbrella of the indo-UK 
project scientists from different indian 
and UK institutes are jointly researching 
on the health of river ramganga and 
its implication on the eco-system 
services that it offers. however, due to 
geographic diversity there are some 
gaps in understanding of the project 
among different groups. a platform is 
needed which can serve as a mode of 
communication between different groups 
so that they can discuss on the aspects 
of project objectives and background, 
structure, financing and management 
arrangements, and ramganga river itself. 

S2.2. keY QUeSTIonS To be AnSWereD
1. Factors affecting river zonation
2. Data availability, gaps and model 

requirements, etc.
3. project management, communications, 

publications and ip strategy

S2.3. DIScUSSIonS
The overall objective of the project is to 
“produce and demonstrate a feasibility 
study on the ramganga river Basin 
that will address research and policy 
requirements in support of the restoration 
of ganga within the context of the 
ganga river Basin Management plan”.  
Understanding of the project was done 
by both UK and india team. it was also 
emphasised that iiT Kanpur would like to 
incorporate modelling if it is substantially 
different than earlier studies. also, iiT 
Kanpur would like to have additional 
data collection to address some of 
the gaps currently in the system and 
capacity building which again addresses 
areas where UK team may bring some 
fresh perspective on the issues being 
discussed under this project.  The new 
research and capacity building should 
ultimately translate to some key policy 
guidelines that will directly impact the 

wp7: identification of Key policy and 
investment relevant outcome (ahuja)
wps 8 and 9: Dissemination and 
Management

each work package listed above, explains 
the status on who is the lead, what are the 
deliverables and deadlines.  The group to 
discuss on the following items as well:
a. data (availability and needs)  

and sharing; 
b. spatial aspects: the extent to which 

we need to harmonise river zonation, 
stakeholder communities, land use 
mapping and ecosystem services;

c. shared terminology across the 
project - e.g. ecosystem services; 
social-ecological systems? 

d. how much time indian partners can 
realistically spend on project;

e. communications
f. planning for the rest of this tranche  

of the project;

health of river ramganga. Finally,  
the learning from this study should 
become a template or at least provide  
a broader framework for the entire  
ganga river Basin.

Work PAckAGeS cUrrenTLY In THe 
DeLIVerY frAmeWork:
wp1: Defining river health project scope 
(Tare/spray)
wp2: Biophysical process understanding 
and modelling (halliday/Tare)
wp3: governance and scenario co-
production (allan/prasad)
wp4: ecosystem services Mapping 
(spray/singh)
wp5: establishing and Quantifying the 
connection between water quality 
and community health and livelihood 
systems (hutton/Babu)
wp6: Developing an integrative 
Framework and strategy for river health 
(halliday/ Tare)

DAY 1:  
Monday; December 4, 2017;  
10:00 - 17:00 h

VenUe:  
committee room B –  
Vigyan Bhawan annex,  
new Delhi

cHAIr: Dr andrew allan, 
University of Dundee, UK

moDerATor: Mr suresh Babu, 
wwF-india; Mr suresh K gurjar, 
iiT Kanpur; Mr shyam prasad, 
iiT Kanpur 

PArTIcIPAnTS: Dr s p singh,  
iiT roorkee;Dr Dipti nayak,  
iiT roorkee; Dr p M prasad,  
iiT Kanpur, Dr chiranjib 
chaudhuri, iiT Kanpur;  
Dr pranab Mohapatra,  
iiT gandhinagar;  
Mr nitin Kaushal, wwF-india; 
Mr arjit Mishra, wwF-india; 
Dr craig hutton, University of 
southampton, UK;  Dr chris 
spray, University of Dundee, UK; 
Dr K D Joshi, nBFgr, allahabad; 
Dr prakash nautiyal, hnB 
garhwal University, srinagar;  
Dr rachel helliwell,  
The James hutton institute, UK.

THe foLLoWInG PoInTS DeScrIbe THe UnDerSTAnDInG of THe ProJecT:

PHaSe 2

Integrative framework: 
Will deliver an integrative 

understanding and 
modelling of the river 
system, as well as the 

capacity building needs for 
the catchment restoration, 

with information on 
catchment management.

PHaSe 3

Pathways to Impacts: 
This phase will occur after 

the current project and 
looks to scale up and the 
transfer of findings to the 

Ganga river basin.

The output of the project should be a series of trans-
disciplinary models of current and plausible future states 
within a broad integrated framework. These will cover 
biophysical, socio-environmental, economic and governance 
issues for the ramganga pertaining to pollution sources, 
pathways and sinks. a detailed road map for the upscaling 
of the integrated framework from the ramganga river Basin 
to the ganga river Basin to a fully integrated, scenario-led, 
probability-based Bayesian model capable of assessing 
plausible impacts of river interventions and policies.

baseline: 
Will deliver an assessment 
of existing baseline data, 
together with catchment 

models, identify data 
gaps and needs, and will 
be followed by scenario 

analysis.

PHaSe 1

InDo-Uk 
ProJecT
A platform is 
needed which can 
serve as a mode 
of communication 
between different 
groups so that 
they can discuss 
on the aspects of 
project objectives 
and background, 
structure, financing 
and management 
arrangements, and 
ramganga river 
itself.

river Health and Assessment 
of eco-System Services

SeSSIon

S2
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g. planning for the next tranche 
(including addressing the technical 
needs question);

h. the project approach to publications 
(including need for a joint indian and 
UK publication plan to frame the data/
ip debate).

i. The linkage between bio-physical and 
socio-economic ecosystem services 
and how biophysical measurements 
and stakeholder needs are all 
integrated into the project.  

S2.4. recommenDATIonS
river zonation work that has been 
completed for ramganga river for various 
other projects such as e-flows requires 
clarifications on following:
a. Definition of river health classes
b. components of river health and 

development of an indicative  
unified index. 

c. establishing the thresholds. 
d. criteria for zonation.
e. approach towards defining socio-

ecological zones.

A. DefInITIon of rIVer HeALTH cLASSeS
neAr-PrISTIne: 
a. reaches with minimal human 

interference.  
b. even the most sensitive species are 

present in natural abundances.
c. all natural biophysical processes are 

operational.

SLIGHTLY moDIfIeD: 
a. reaches with some evidence 

of human interference, but still 
functionally intact.

b. There may be some reduction in the 
abundance of sensitive species, but 
they are not at risk of disappearance, 
even during extreme events.

f. all cultural activities and rituals are 
carried out with hesitation.

DeGrADeD: 
a. reaches with evidence of 

considerable human interference and 
functionally disturbed.

b. sensitive species absent (except 
during rare improved flow and/or 
water quality conditions).

c. increased abundance of hardy 
species.

d. serious erosion and sedimentation 
may be evident, with significant 
effects on natural biodiversity and 
biophysical processes, which will only 
be partially intact.

e. serious modifications to channel 
morphology may be present, with 
significant reduction in longitudinal 
connectivity.

f. Dominance of introduced or exotic 

c. slight or negligible effects on natural 
biophysical processes. 

moDerATeLY moDIfIeD: 
a. reaches with clear evidence of 

human interference, but still largely 
functionally intact. 

b. reduction in the abundance of 
sensitive species, and possible risk of 
disappearance for the most sensitive, 
during extreme periods (e.g. drought, 
floods or pollution events). 

c. observable effects on natural 
biodiversity and biophysical 
processes.

d. water quality may be moderately 
modified, with the possibility of 
industrial waste, agricultural runoff, 
and/or domestic waste.

e. a shift from sustainable river-based 
livelihoods to other livelihoods is 
observed. 

River Health and 
Assessment of  
Eco-System Services

SeSSIon

S2
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zonation based on the current health of 
the river.  river style (geomorphologic) 
based zonation has been completed by 
iiT consortium as part of cganga work.  
There are four zones based on this 
approach as listed below:
a. himalayan, partly confined flood plain 

and channel braided. 
b. Valley-interfluve, unconfined 

floodplain and channel braided.
c. Valley-interfluve, partly confined 

floodplain and channel braided.
d. Valley-interfluve, unconfined 

floodplain, channel partly confined 
and braided.

The cGanga work includes several other 
classifications such as:
a. agro-climatic Zones.
b. socio-economic zones: urban, peri-

urban and agrarian zones.
c. socio-ecological Zones.

VISIon for rIVer HeALTH AnD rIVer 
HeALTH InDeX DeVeLoPmenT:
additionally, wwF mentioned their 
recent work in the ramganga basin 
about connecting benefits/river eco-
system services affected by the river 
characteristics and developing a 
simple framework for creating river 
health index. This comprises of various 
components such as:
a. catchment health
b. channel and flow health
c. water Quality index
d. Biota health
e. community perception

a composite river health index 
was developed based on the above 
components. Different zonation 
methodology currently available for the 
ramganga river was discussed and 
was unanimously agreed that, the most 
suitable zonation methodology will be 

riparian plant species, which may  
be invasive.

g. Floodplains usually modified for 
agriculture, occasional surviving 
modified wetlands, lateral 
connectivity lost.

h. religious rituals, other than 
cremation, are not carried out.

crITIcALLY DeGrADeD:  
a. reaches dominated by human 

interference.
b. sensitive species will be absent, and 

dominated by hardy species, some of 
which may be disease vectors.

c. Very little natural biodiversity will be 
apparent (hardy species).

d. serious erosion and sedimentation 
may be evident, to the extent 
that channel morphology will 
have been permanently altered 
(possibly channelised), longitudinal 
connectivity is completely lost and 
river is reduced to isolated pools.

e. riparian vegetation dominated by 
exotic invasive species.

f. Floodplains may have been drained 
and disconnected from the river, but 
will anyway be completely modified 
for agriculture or industrial uses, no 
surviving wetlands, flooding regime 
may have been significantly reduced, 
diverted or intercepted.

g. no religious or cultural activities are 
carried out.

h. cremation is not practised if 
alternative sites are available.

Zonation used for e-flows assessment 
has six zones. These zones were 
based on several factors such as 
geomorphology, river slope, terrain etc.  

b. rIVer-HeALTH bASeD ZonATIon – 
rAmGAnGA rIVer
wwF-india presented another way of 

River Health and 
Assessment of  
Eco-System Services

SeSSIon

S2

crITIcALLY DeGrADeD 
floodplains drained and disconnected from the river, completely modified for agriculture or industrial 
uses, no surviving wetlands, flooding regime significantly reduced, diverted or intercepted.

DemAnD

What are 
the specific 
ecosystem goods 
and services?

Who gets benefits 
from these goods 
and services?

How much benefit 
do they receive?

SUPPLY

How are 
these services 
generated?

How much more 
or less of these 
services would we 
receive if land use 
gets changed? 

Who generates 
these services?

PoLIcY

monitoring is 
critical.

ensure confidence 
in system.

Adjust as 
necessary.

IDenTIfIcATIon of 
ecoSYSTem GooDS 
AnD SerVIceS
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retained for the current india-UK project.  

c. mAPPInG AnD ASSeSSmenT of ITS 
ecoSYSTem SerVIceS
Following points were made on mapping 
and assessment of its ecosystem 
services by Dr. s.p. singh, iiT roorkee:
a. ecosystem integrity as well as the 

goods and services offered by the 
rivers in india are getting adversely 
affected by changes in quantity, 
quality and flow regimes.

b. growing water abstractions for 
agriculture, domestic, industrial 
and energy use are leaving many 
rivers running dry, while others are 
becoming severely polluted.

c. hence, recognition of river ecosystem 
and its services are urgently 
necessary for sustainable utilisation 
and management of river basin.

d. Therefore, identification, 
quantification and valuation of river 
ecosystem goods and services 
will help in policy discussion and 
formulation.

a literature survey on eco-system services 
includes evolution stages of eco-system 
services, categories of eco-system 
services such as provisioning services, 
regulating services and cultural services.  
river basin ecosystem management 
should include the following points:
a. identification of ecosystem goods 

and services of river basin.
b. involvement of the ultimate 

beneficiaries and key stakeholders. 
c. comparison of the two states of 

river ecosystems – pristine and the 
present or managed in future.

d. policy Decision-making and planning.

iiT roorkee team presented objectives 
and details of their work as follows:

D. IDenTIfIcATIon of THe boUnDArY 
AreA of THe STUDY
a. identify the main ecosystems in the 

basin area and ecosystem services 
present (both produced or consumed 
elsewhere).

b. identify key stakeholders.
c. people who currently manage river 

basin (manage land use).
d. people who benefit from the services.
e. people who are in decision making 

responsibilities of ramganga  
basin area.

f. identification of issues for problem 
solving and decision making by 
involvement of public participation.

iiT roorkee Team, based on the data 
collected from 8 districts in Up and 3 
districts in UK, has identified the goods 
and services in the ramganga basin. 
specifically, following has been done:
a. Block-wise demographic data has 

also been acquired for all districts in 
both states

b. analysis of gsDp has been done for 
different sectors such as agriculture, 
industries, Mining and Quarrying, 
manufacturing and services.

c. land use pattern has also been 
analysed for the basin area.

d. Buffer villages (0 to 5 kms) in the 
ramganga basin have also been 
identified for conducting the primary 
survey.

e. Mapping work has also been started 
for the entire basin linking eco-
system services to the district level 
demographic data.

e. PUbLIcATIon AnD IPr ISSUeS:
a. india team is of the opinion that the 

team that collects data and has 
primary responsibility of acquiring the 
data gets the primary authorship of 

TaKe away 
poinTs

a. This project studies one of the 
tributaries of the river ganga in india, 
i.e., ramganga and aims to identify 
and evaluate its ecosystem goods 
and services.

b. By engaging stakeholders for overall 
assessment of its health.

c. The main objectives of the study 
are identification, quantification 
and monetary valuation of different 
ecosystem services of ramganga 
river basin.

obJecTIVeS:
a. To review literature on baseline of 

ecosystem services and their valuation 
in general, highlighting the case of the 
river ramganga in particular.

b. To identify different benefits in terms 
of goods and services acknowledged 
by stakeholders/ provided by the 
river basin ecosystems and map the 
distribution of ecosystem services 
and associated bundle with spatio-
temporal variation. 

c. To estimate the economic value and 
do ecosystem services mapping and 
analysis.

d. To suggest policy measures for 
river basin management plans by 
integrating ecosystem services.

estimation of economic value of 
ecosystem goods and services and their 
mapping and analysis include:
a. primary survey of households.
b. application of gis and remote 

sensing.
c. stakeholders’ analysis (sa).
d. categorisation of economic values 

and services.
e. provisioning services.
f. regulating services.
g. cultural services.

the publication that comes out of the 
analysis based on that dataset.

b. similarly, if the bio-physical and 
hydrological models that have been 
built by iiTK and cganga over the 
past few years are used for any 
analysis, the primary authorship 
resides with the indian team.

c. any publication coming out of this 
study should either create new set of 
data or build new models for primary 
authorship.

DATA SHArInG: 
a common drive has been created by the 
UK team for data transfer purposes.  indian 
team has already uploaded the hydrological 
swaT model and all the relevant and 
supporting data to the common drive.  
a. water quality data has also been 

uploaded to this site for use by UK 
team.

b. UK team has already reviewed the 
model and data on the common drive.

c. UK team wanted the ecological data 
to be uploaded by the indian team as 
well.  indian team wanted to know 
how exactly the data will be used and 
what publications are expected from 
the analysis before providing the 
ecological data.

d. Metadata for all datasets will be 
developed and used and updated by 
all team members.

HoW To enGAGe:
please note that the deliberations of this 
group are currently restricted to UK-india 
teams working on the project river health, 
however subject matter experts who are 
interested in contributing more to eco-
system services can do so online at the 
cganga website (how to engage with us) 
and select working group sr6.

Data sharing protocol 
will be developed by 
the Uk team.

Data use plan should 
be provided.

communication 
protocols will be 
developed by both the 
teams for the entire 
group as well as 
for individual work 
packages. 

IPr issues and 
publication plan 
will be worked out 
between Dr. Tare and 
Dr. Allan. 

River Health and 
Assessment of  
Eco-System Services

SeSSIon

S2

ecoSYSTem 
SerVIceS 
ecosystem integrity as 
well as the goods and 
services offered by the 
rivers in India are getting 
adversely affected by 
changes in quantity, 
quality and flow regimes
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S3A.1 ProbInG THoUGHTS
national river ganga, along with her 
many tributaries, has been the source of 
the spiritual and physical sustenance of 
indian civilisation for millions of years. 
almost 43% of the population lives in the 
ganga river Basin.  To the indian mind, 
river ganga is not only the holiest of 
the rivers and purifier of mortal beings, 
but also a living goddess. apart from 
the social and spiritual influence, river 
ganga also contributes significantly to the 
economy of all the states through which 
she flows along with her tributaries. she 
has an immense contribution to irrigation, 
power generation, transportation and 
many more. so, ganga has several 
influences on the peoples’ life.

There is an outcry in past decades 
regarding river pollution, river mutilation, 
river health including ecology and bank 
erosion, protection of marine life, floodplain 
encroachment, etc. There are several 
initiatives taken by the government in the 
past to cope up with the ever-increasing 
challenges due to rising population on the 
river banks through ganga action plan 
(gap) i and ii and river basin management 
initiatives. The solutions were looked 
through technology interventions, but the 
question remained at the end as to why 
even after decades there has been little or 
no improvement in the river condition. The 
intellectuals and thinkers over series of 
deliberations and Brain storming sessions 
proposed that engineering interventions 

alone cannot be the solution to the 
complex problem. The idea emerged as 
to have a dedicated legislation to create 
a custodian institute for the protection of 
ganga. The legislation should prescribe 
do’s and don’ts on the river basin and 
violators would be brought under the law. 
The counter voice however suggests that 
existing laws can effectively be used to 
protect the river basin.

The first proposition, i.e. dedicated 
legislation on river ganga, is subject to 
several challenges. legislative division 
of power between centre and the states 
is one amongst them. There are also 
number of institutions operating on 
the river basin under different layers 
of laws enacted during the colonial 
era, or independent india. To establish 
coordination between fragmented 
institutes through unified legislation may 
pose an immense challenge.

some positive note on these 
challenges are, one, the parliament has 
overarching power in the matter where 
the states are in conflict relating to 
sharing of water from interstate river in 
public interest (list i entry 56); second 
it can enact a law on a subject matter 
which transcends spirituality, faith, belief 
and socio-cultural practices; geography, 
geomorphology, water resources and its 
users; livelihood; and environment, and 
which  traverses many state boundaries 
and jurisdictions.

counter view suggests existing 
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anti-pollution laws are sufficient to deal 
with the issue of pollution in ganga. 
if effective coordination between the 
different institutions may be achieved, 
then the problem might be addressed.  
in this thought, pollution in the river  
takes prominent position, and other 
issues get subdued.

But the thoughts converge on two 
issues, i.e., urgent need to regulate 
activities that affect wholesomeness of 
the river; and develop a policy to promote 
activities to preserve the ganga.

2

3

4

5

6

1

S3A.2. 
keY QUeSTIonS 
To be 
AnSWereD

Are the existing environmental 
laws and other laws relating 
to river sufficient to protect 
wholesomeness of river Ganga?

Is a dedicated law necessary for 
the preservation of river Ganga?

Should there be a 
custodian Institute for 
entire Ganga river basin?

Is it statutorily feasible and 
does the Indian Parliament 
have the power to enact 
comprehensive legislation?

Should the comprehensive law 
amend a number of ancillary 
legislations like water pollution 
act, environmental act and other 
central legislation? 

can this act override some of 
the existing state legislations 
operating in the basin?

S3A.3.DIScUSSIonS
as water is getting scarce nowadays, 
the need has arisen to manage it 
scientifically. rivers are a comprehensive 
system. with active discussion on 
whether the existing environmental law is 
enough to protect the wholesomeness of 
river ganga, following key points arose:
a. if central government is negative and 

wants to kill ganga for political will, 
central law is disastrous. if central 
laws are positive and state laws 

Debate on Policy, Law and 
Governance of Ganga river basin
S3_A: comPreHenSIVe LeGISLATIon on rIVer GAnGA
[DIScUSSIon on ‘WHY A DeDIcATeD LAW IS reQUIreD’, obJecTIVe AnD PUrPoSe of THe AcT]

43%
Almost 43% of the 
Indian population 
lives in the Ganga 
river basin.  To the 
Indian mind, river 
Ganga is not only the 
holiest of the rivers 
and purifier of mortal 
beings, but also a 
living Goddess. Apart 
from the social and 
spiritual influence, 
river Ganga 
also contributes 
significantly to the 
economy of all the 
states through which 
she flows along with 
her tributaries
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are negative, then also disastrous. 
Therefore, a distribution of power 
approach should be adopted and 
too much power to a single authority 
should be avoided.

b. since the problem is holistic in nature 
so basin approach should be apt, 
where different states under a basin 
have to participate and bound by law 
where cMs of states should be on 
board.

c. issues that should be addressed 
before formulating a new legislation 
are: (i) how the law will be 
implemented? (ii) is there any parallel 
institution for law implementation? 
(iii) what is needed to bring the 
basin back, taking care of river 
health? (iv) what are the ground truth 
parameters based on knowledge? (v) 
need to look from all angles including 
environment and hydrology, (vi) 
Minor detailing is impossible, hence 
law should be good enough to be 

implemented without the details.
d. Debates in parliament and its 

standing committee suggested that 
river basin management act must be 
there. so definitely there is a need 
of act. law does not mean central 
government. it’s a federal structure, 
and the law should be evidence and 
knowledge based, in consultation 
with stakeholders. law should 
include a scientific co-ordination 
model. whether the centralised 
legislation overwrite the existing 
ones is another point to be looked 
upon for that constitutional articles 
related to water supply, storage 
and state water disputes has to be 
analysed. however, the functions 
of the state should be better guided 
and coordinated. Knowledge and 
legislation must be put together. The 
question at state level is, what is the 
yield of the basin? The answer has to 
be clear among states with certainty.  

e. riverine ecosystem must be saved. 
separate clear laws on catchment, 
floods, marshes, wetlands, etc. must be 
there and all kinds of storages should 
be protected and preserved. how much 
water and in what manner should it 
be divided? These questions on equity 
should very well be stated. after 
diversion, downstream states should 
have a right to ask for compensation. 
Knowledge based diversion for 
longitudinal connectivity must include 
our ancestral vision, holistic needs and 
inferences from local habitants.

f. “who should own the river? if ganga 
is a lively creature, there has to be 
parents of ganga. who are ganga’s 
parents? we.”

S3A.4. recommenDATIonS
There should be a dedicated legislation for 
ganga. The centralised law should promote 
knowledge-based custodian institute to 
manage the river Basin. The complexities 

of the challenges on the basin ranging 
from river pollution, river mutilation, river 
health including ecology, river hydrology, 
river bank erosion, protection of marine 
life, floodplain encroachment, engineered 
diversion, hydro-power plant, etc. should 
very well be acknowledged. in addition, 
inclusion of provisions regarding the flow 
of the river, nature of activities allowed 
on the basin and boundary conditions 
for all stakeholders’ actions should be 
defined. The custodian institute could 
be a body, corporate or independent of 
the government. The act should include 
broad guidelines about the activities of the 
institute. it should also be the custodian 
of knowledge on ganga and involved in 
evidence-based basin management. 

HoW To JoIn:
participants wishing to join the working 
groups can do so online at the cganga 
website (how to engage with us) and 
select working group plg2.

Debate on Policy, Law 
and Governance of Ganga 
River Basin

SeSSIon

S3

TaKe away 
poinTs

The parliament should 
enact dedicated 
legislation on Ganga 
river basin for protection 
and restoration of river 
wholesomeness.

The act should incorporate 
knowledge-based 
custodian institute.

The institute should be 
a body corporate and 
function independently of 
the government.

The statute should include 
the boundary conditions 
for all stakeholders’ 
activities.
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Debate on Policy, Law and 
Governance of Ganga river basin
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S3_b: InSTITUTIonAL frAmeWork
[DIScUSSIon on TYPe of THe cUSToDIAn InSTITUTe (IncLUDe THe STrUcTUre, fUncTIon, 
DUTIeS AnD PoWer) AnD ITS InTerAcTIon WITH oTHer eXISTInG InSTITUTeS]

S3b.1. ProbInG THoUGHTS 
To propose a model custodian institute 
for ganga is a difficult task due to 
complexities of the issue. The institute 
needs to regulate stakeholder behaviour, 
resolve the conflict between them, 
monitor built environment on the basin, 
regulate engineering interventions, 
address river wholesomeness and 
pollution, social, religious and economic 
activities on the basin and manage 
the different stakeholders’ interest. 
Till now there are several institutional 
models prescribed by different groups. 
out of that two have emerged as top 
contenders against each other. The 
iiT consortium suggested ‘knowledge 
disseminating regulatory model institute’ 
and Justice giridharMalviya committee 
appointed by Ministry of water resource 
suggested ‘Multi-layer administrative 
institutional model’.

The iiT consortium has based the 
institutional model on two objectives, 
i.e. the institute should be the custodian 
of the river health and wholesomeness 
of the river. To achieve that goal, the 
institute should be knowledge driven. The 
institution is modelled like a regulator 
which will address the conflict between 
different stakeholders, promote good 
governance in the basin by prescribing 
do’s and don’ts, create awareness 
between the stakeholders through 
advocacy, indulge in scientific evidence-
based policy forming. The institute should 
maintain the knowledge repository on 
ganga and her basin. The institute should 
also have investigation wing to examine 
and suggest remedial measures to the 
ever increasing dynamic challenges 
due to human intervention and over 
usage of river resources. The institute 
is designed to promote harmony with all 
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other functioning institutes on the basin. 
This model can be implemented without 
changes in the law in force.  

The model suggested by Justice 
Malviya committee stressed on the 
administrative solution of river pollution. 
The objective and the focus of the institute 
is to create a multi-layer administrative 
body to monitor the built environment and 
engineering intervention on the basin. The 
proposed institution will replace existing 
administrative body, i.e. national Mission 
for clean ganga and will constitute ganga 
Volunteer Force. The proposed bill has not 
taken into account the other institutions 
operating on the basin and the stakeholder 
interactions with the proposed institution.

S3b.3. DIScUSSIonS
The legislation body should be of three 
layers. First layer would directly interact 
at central level where pM, cM are 

involved. second layer would be a link 
between first and third layers. last,  
third layer would be of local bodies/ 
existing institutions.

contrary to this the possibility of single 
institute to execute all of these functions is 
doubtful. segmentwise dedicated bodies 
was thought to be better option. Based on 
which, we have to build an institution that 
will coordinate. Multiple institutes give data 
that suits them after filtering. what data to 
choose for analysis? The body will decide 
and generate evidences. There should be 
a mechanism for coordination. currently, 
there is hardly any communication 
between cwc’s and iiT’s. Unless you build 
accountability of top layer (appointment 
of top layer outside government control), 
it cannot be achieved. when statutory 
bodies given control of governing bodies, 
then government cannot dictate how 
bodies work. it was also stated that 

Is a dedicated institution required 
to restore the wholesomeness of 
the Ganga river? 

What should be the objectives 
of the Institution?

Should custodian institution 
serve the of the interest of river 
Ganga only?

Should the institution be knowledge 
driven and evidence based in 
discharging its responsibility towards 
wholesomeness of the river?

Is it required to incorporate 
stakeholder interaction within the 
institutional framework?

Should the institution be modelled like an 
administrative body or a regulator between the 
different institutions and the stakeholders? 

Should the custodian institute adjudicate 
the dispute between different stakeholders 
and the governing Institutes?

Should the custodian institution have the 
power to deter the stakeholders from certain 
activities and punish the deviant?  

S3b.2. keY QUeSTIonS To be AnSWereD

1 2 3 4 5 6 7 8

InSTITUTIonAL 
moDeLS
Till now there are 
several institutional 
models prescribed 
by different groups. 
out of that two have 
emerged as top 
contenders against 
each other
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TaKe away 
poinTs

The Act should promote 
and incorporate a 
custodial institute

The Institute should 
promote, develop,  
collect and classify all 
knowledge regarding 
Ganga river basin

The institute should 
communicate and 
coordinate with all the 
participating stakeholders 
in the basin

knowledge dissemination 
through advocacy within 
stakeholders should be the 
crucial role of the Institute

Institute should develop 
a system for regular 
stakeholders’ interactions

environment ministry is doing everything to 
destroy the environment.

another outcome was a 4 layer 
body (planning, construction, operation 
and Maintenance, Monitoring). Data 
must be transmitted to centre and state 
weekly. There should be a technical 
person involved in panchayat. Basic 
understanding will be there if it’s a 
knowledge based core team. handle 
pollution where it originates from. 
stormwater drains should be for drainage, 
not a sewer. Following key points were 
identified in achieving this:
a. public participation
b. Fundamental duties of stakeholders
c. water literacy

in addition, coordination and 
administration should be at district level, 
where cpcB (deals with pollution only) and 
cwc (deals with surface water flow) work 
as a team, for better results.

without data, proper functioning 
won’t be possible. iiT’s have the capacity 
to build and utilise the knowledge 
based on data as cwc cannot do 

basin management studies alone and 
therefore, needs to be outsourced. 
government also need to build the 
capacity of institutions. Ministry cannot 
do it alone so it needs to partner with 
other institutes. institutes should not 
hold data but promote data governance.
even if data is generated and knowledge 
is extracted, the question is who will act 
on it? central government has a mandate 
still don’t act on it. To address this few 
more issues were presented:
a. how do the panchayats convey 

their problems in the absence of a 
technical man?

b. how to build a team? it should not 
be given any judicial powers as can 
cause more complications.

c. state should involve and control 
municipalities/panchayats from 
where the river flows.

d. states should also use companies, 
psUs, foreign companies and other 
ministries like sanitation.

e. iiT’s need to be force multipliers.
f. glaciers should also be considered.

participation in the ganga river Basin 
management system. The custodian 
institute should have following features:
a. it should be a multilayer 

administrative body
b. it should accommodate 

representatives from different layers 
of the government

c. it should coordinate with various 
stakeholders in their activities

d. it should formulate a holistic 
programme for the entire river basin

e. it should issue guidelines and 
formulate policies time to time

f. all stakeholders should have prior 
consultations and permission from 
the custodian institute body for any 
major changes

HoW To JoIn:
participants wishing to join the working 
groups can do so online at the cganga 
website (how to engage with us) and 
select working group plg2.

S3b.4. recommenDATIonS
The significant aspects of multi-layered 
and multiple stakeholders on ganga 
river Basin need to be identified. These 
stakeholders should be incorporated/
organised under numerous administrative 
circulars, bye-laws and acts of state-
legislations and parliament. These 
stakeholders (i.e. executive body, 
commission) play a distinctive role in 
basin management which cannot be 
replicated by one single authority. For 
this, the constitution mandate regarding 
division of legislative power should be 
taken into account while developing the 
custodian institutional structure. The 
institute should be the custodian of all 
knowledge regarding ganga river Basin, 
actions, directives, orders of the institution 
regarding preservation and restoration 
of the river, all governed by scientific 
evidences. it should also play an active 
role in knowledge dissemination within 
the stakeholders, make provision for 
regular interaction amongst stakeholders 
and suggest measures to increase public 
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S3_c: roLe of STAkeHoLDerS In PreSerVATIon of THe bASIn
[DIScUSSIon on HoW THe knoWLeDGe creATIon InSTITUTeS on GAnGA SHoULD InTerAcT 
WITH DIfferenT STAkeHoLDerS THroUGH THe cUSToDIAn InSTITUTe]

S3c.1. ProbInG THoUGHTS 
one-third of indian geography is a part of 
ganga river Basin. a number of activities 
over the years have been taking in the 
Basin. This ranges from power generation 
to agriculture, religious to social- economic 
activities. stakeholders are located in 
different stretches of the river ganga in 
different forms to carry out these activities. 
The stakeholders include different layers 
of government institutions including the 
local bodies, civil societies, activist groups, 
faith leaders and traditional societies. The 
activities of one stakeholder affect the 
other stakeholders as well.

The construction of a dam in upstream 
affects the people in downstream. 

similarly, the discharge of sewage 
from the upstream UlB’s (Urban local 
Bodies) affects the health condition of 
the downstream population. Diversion 
of the water through the canal and 
river mutilation affect the people in the 
downstream, and it has a great impact 
on the river health, marine and her 
wholesomeness. river navigation and 
industrial waste create a danger to river 
species which disturbs river health and 
river bio services. cremation and other 
religious activities contribute to the river 
pollution in addition to domestic and 
industrial pollution.

so, the challenge is how to create 
a sustainable framework to manage 

DAY 1:  
Monday; December 4, 2017;  
14:00 - 15:15 h
VenUe:  
committee room c– 
VigyanBhawan annex,  
new Delhi

cHAIr: Dr Vinod Tare, iiT Kanpur

moDerATor: Dr indrajit Dube, 
iiT Kharagpur; 

PAneLIST: Dr a K gosain,  
iiT Delhi; Mr paritosh Tyagi, 
Formerly with cpcB;  
Dr Bharat Jhunjhunwala, 
independent, srinagar, 
Uttarakhand; Mr risabh sancheti, 
supreme court of india

all the activities on the basin and 
promote stakeholders’ participation in 
the preservation of wholesomeness of 
the river. Towards this end, there have 
been  enormous efforts by different 
stakeholders. The need of the hour is to 
put them in a single thread. 

putting the solution in a single 
thread can be achieved through three 
approaches. First, creating more 
awareness among the participant 
stakeholders about the cleanliness and 
wholesomeness of the rivers based 
on scientific evidence and the benefit 
the stakeholder would drive out of that 
process; second, equip the stakeholders 
with scientific knowledge and innovation 

Should the custodian 
Institute promote research, 
innovation and solution of 

the challenges on the basin?

Should the 
stakeholders be 

apprised of newer 
developments 
in science and 
technology by 
the custodian 

Institute?

Should the 
custodian 

institute have 
knowledge 

management 
and repository 

system on Ganga 
river basin?Should the custodian Institute 

promote the communication & 
interaction between governing 

institutions of the basin?

How to perceive and 
assign role of stakeholders 

in the preservation of 
wholesomeness of the river? S3c.2. 

keY 
QUeSTIonS 

To be 
AnSWereD

1

2
3

5

4
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S3c.4. recommenDATIonS
Few initiatives could be taken  
depending upon case to case for 
preservation of basin:
a. Tax must be imposed on open 

dumping of sewage, so that treating 
sewage is economical.

b. Meet the needs of stakeholders, they 
should be given alternative things.

c. The best way to make people aware 
is to demonstrate, educate about 
alternative models (more scientific 
manner) of the existing practices in 
different segments of social, religious, 
economic, ecological, environmental 
and hydrology related aspects.

d. Mechanism of maintaining a balance 
between multi-stake holders.

e. custodian institutes can  
identify common aligned and  
 non-aligned interests.

f. economics: carrot and stick policy.
g. economics: polluter pays principle.

to combat the pollution in the river;  
third, the creation of centralised 
accessible knowledge management 
repository system.

The dedicated and custodian 
institution should play an important role 
in facilitating interaction to restore the 
wholesomeness of the river.

S3c.3. DIScUSSIonS
every person living on the river bank is a 
stakeholder. communities are essentially 
a part of it.it is necessary to fulfill the 
essential demands such as e-Flows, 
drinking water and agriculture. resources 
must be used in sustainable manner both 
quality and quantity wise. however, there 
is always a conflict between stakeholders 
wanting to preserve water and those 
wanting to take water. To minimise this, 
there should be some mechanism for 
compensation. here, putting economics to 
work, is one of the solution. 

Debate on Policy, Law 
and Governance of Ganga 
River Basin

SeSSIon

S3

TaKe away 
poinTs

Different stakeholder 
participation within the 
holistic plan will ensure 
preservation and speedy 
restorations of the  
river basin.

The bottom-up approach 
should be provided for 
stakeholders’ participation 
in the preservation of  
the basin.

The custodian institute 
should provide an 
alternative model of the 
existing practices.

neW InITIATIVeS 
The best way to make people aware is to demonstrate, educate about alternative models 
(more scientific manner) of the existing practices in different segments of social, religious, 
economic, ecological, environmental and hydrology related aspects.
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Debate on Policy, Law and 
Governance of Ganga river basin

SeSSIon

S3

S3_D: ADJUDIcATIon of DISPUTeS
[DIScUSSIon on “SHoULD THe InSTITUTIon (I.e. commISSIon/AUTHorITY) HAVe SUmmArY 
ADJUDIcATorY PoWer AnD SHoULD THere be DeDIcATeD ADJUDIcATorY forUm AGAInST 
THe orDer of commISSIon/AUTHorITY or IT SHoULD be HeArD bY nGT”]

S3D.1. ProbInG THoUGHTS 
Managing the ganga river Basin is  
more than addressing the river pollution. 
To have the wholesomeness of the 
river, one needs to understand the river 
morphology, biodiversity, hydrology, 
sociology, economics, and the boundary 
condition of the policy and laws. so the 
adjudication institute should have a 
strong understanding of techno-socio 
and legal issues. 

The custodian institute will 
discharge a number of executive and 
quasi-judicial functions in dealing with 
stakeholders, governmental agencies 
and mitigating their disputes. The access 
of stakeholders to multiple adjudicatory 
forums may defeat the purpose of the 

special law. river basin management is 
a special knowledge domain that travels 
beyond environmental governance and 
pollutions. so, judges should have an 
understanding of the subject of basin 
management beyond the realms of laws 
and dispute settlement.

There is possibility of large litigation 
in future from the decisions of the 
custodian institute, even after advocacy 
and capacity building within stakeholders 
by the custodian institute. changing the 
prevailing practice allows a challenge.

The biggest debate remains over the 
standalone appellate authority against the 
decision of custodian institute or existing 
green Tribunal, which may be sufficient to 
cater to future disputes.

DAY 1:  
Monday; December 4, 2017;  
15:45 - 17:00 h

VenUe:  
committee room c –  
Vigyan Bhawan a nnex,  
new Delhi

cHAIr: Dr Vinod Tare, iiT Kanpur

moDerATor: Dr indrajit Dube, 
iiT Kharagpur

PAneLIST: Mr puskal Upadhyay, 
cgDa; Mr risabh sancheti, 
supreme court of india;  
Dr Bharat Desai, centre for 
international legal studies, 
JnU; Dr a K gosain, iiT Delhi; 
Mr paritosh Tyagi, Formerly 
with chairman, cpcB; Dr Bharat 
Jhunjhunwala, independent, 
srinagar, Uttarakhand.

S3D.3. DIScUSSIonS
what kind of disputes? how to identify 
generic disputes? ngT (national green 
Tribunal) is not only pollution based but 
anything concerned with environment 
should be dealt. legislations have been 
adequate but things remain on paper, 
orders are not being taken seriously. 
adjudication is a skill that judges develop 
over time. in addition, ‘amicus Brief’ 
which is a speculative legislation where 
wrongdoers are punished within the 
system should find a place. custodian 
institute must have the statutory power, 
power to intervene anyone affecting 
ganga. Judicial bodies should be trained 
in respective technical matters so as to 
facilitate better and timely judgments.

S3D.4. recommenDATIonS
The problem about the disputes of 
different nature would be inevitable. it is 
necessary to make an attempt to foresee 
types of future conflicts and classify them 
in categories. instead of regular courts 
and tribunals that decide many of these 
disputes, the custodian institution should 
be empowered with statutory ‘amicus 
brief’. on any dispute of river basin, the 
courts/tribunals should seek mandatory 
advice from custodian institute.  

HoW To JoIn:
participants wishing to join the working 
groups can do so online at the cganga 
website (how to engage with us) and 
select working group plg2.

Is proper 
comprehension and 

understanding of 
Ganga river basin 

management required 
to adjudicate issues 
relating to Ganga?

Should Green 
Tribunal continue 

to adjudicate 
litigations against 

Ganga?

What should be 
the composition 

and scope of 
jurisdiction of 

new adjudicatory 
forum?

How fare are the 
complexities of 
the Ganga river 

basin beyond the 
understanding of  

the present 
adjudicator?

Should the special 
law include 

provision for new 
adjudicatory 

agency?

S3D.2. keY QUeSTIonS To be AnSWereD

1

2

3 5

4

TaKe away 
poinTs

The act should empower 
the custodian institute 
with the ‘amicus brief’.
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exploring market mechanisms 
for Promoting resource recovery 
from Solid and Liquid Wastes

SeSSIon

S4

[InDUSTrIAL, DomeSTIc AnD AGrIcULTUrAL]

S4.1. ProbInG THoUGHTS 
This special session was designed to 
explore projects on resource recovery 
from wastewater and sludge in the 
ganga river Basin from a demand 
side/business perspective. it is widely 
recognised that this would require 
multi-stakeholder (industry/business, 
practitioners, academicians, civil society 
and government including policy makers 
and administrators) engagement. 

globally, a paradigm shift is emerging 
from a linear to a more circular economy. 
Though it has been well established that 
wastewater can be a valuable resource 
for energy generation and nutrients (e.g. 
nitrogen, phosphorous, etc.), the returns 
from such resource recovery often cannot 
be in excess of investments on treatment 
unless value of water is considered 
or economic losses due to direct or 
indirect adverse impacts of discharge of 
partially treated/processed wastes are 
incorporated through policy implications 
via viability gap funds (VgF). 

in india, and particularly in the ganga 
river Basin, the gap between wastewater 
generated and treated is large, resulting 
in untreated wastewater flowing into 
water bodies with highly polluted surface 
and groundwater, and a deteriorating 
eco-system as a result. at the same time, 
wastewater can be seen as a single most 
reliable water supply source for the future 
in highly water stressed (urban) settings. 

wastewater market opportunities are 

speculated for private investments and a 
more circular economy can create value 
for local communities as well. what is 
required to ensure that such speculations 
become reality? how multi-stakeholder 
engagement could be used as a means 
for this? are there evidence based well 
documented case studies/projects 
available that can be of relevance in 
ganga river Basin? what pre-requisites 
are necessary to replicate such project 
in the ganga river Basin? it is to answer 
these questions that this special session 
was planned. The session was divided in 
following two sub-themes.

A: opportunities for Wastewater 
recycling and resource recovery in India 
Moderated discussion on key topics, 
principles of collaboration, etc.:
1. Topics of interest with high business 

potential under the theme of circular 
economy

2. process of aligning between 
government and private sector to 
avoid conflict of interest

3. Mechanism for public-private-
community-partnerships to drive this 
forward

4. identification of proposed 
demonstration projects – request for 
proposals

DAY 1: 
Monday; December 4, 2017; 
14:00 – 15:15 h & 15: 45 –17:00 h

VenUe: committee room a –  
Vigyan Bhawan annex,  
new Delhi

cHAIr: Mr D p Mathuria, nMcg

moDerATor: Dr Vinod Tare,  
iiT, Kanpur & Mr nitin Verma, 
wrg 2030,iFc

B: Exploring Business Models with 
Potential for Revenue Generating 
Opportunities
panel discussion on way forward within 
six months:
1. selection of demonstration pilots
2. need for advisory/expert group to 

guide pilot projects
3. project preparation & prefeasibility 

studies, etc.

S4.3.DIScUSSIonS
nMcg receives a large number of 
offers from technology providers and 
project developers seeking to promote 
technologies for resource recovery.  
it becomes difficult to discern the 
benefits and drawbacks of the various 
technical proposals. in addition, it is 
unclear why most new projects awarded 
by nMcg are without the design 
elements for resource recovery.  Based 
on the data of the existing sTps in the 
ganga river Basin, it is apparent that 
a large number (nearly 50% of sTps) of 
sewage/wastewater treatment projects 
have been built with the required 
technology and infrastructure for 
resource recovery, however, most of 
these facilities are generally reported  
to be under performing with respect  
to energy recovery. 

nMcg clearly anticipates that waste 
sludge management from sewage/
wastewater treatment facilities will be 
a major cost centre and operational 
problem for most sTps. The problems 
are due to lack of safe sludge disposal 
especially in high density populated 
areas. Therefore, nMcg is keen on 
supporting resource recovery from 
waste treatment/management facilities. 
The recently awarded sewage treatment 
projects on hybrid-annuity ppp models 
have a clear well defined incentive 
mechanism for private sector to propose 
and develop resource recovery. 

exploring business models 
and trigger for market driven 
approaches in Ganga river 
basin with demonstration 
projects (including 
alignment with Hindon/
ramGanga multi-stakeholder 
rejuvenation programs)

1

formation of a multi-
stakeholder thematic 
taskforce to guide and steer 
pilot initiatives and evaluate 
potential to replicate and 
scale up successful cases 
in the Ganga river basin, 
particularly in the smaller 
sub-basins of the tributaries 
of Ganga river such as 
Hindon, ramGanga, Gomati, 
kshipra, etc.

2

S4.2. keY QUeSTIonS 
To be AnSWereD

WASTe 
WATer
In India, and 
particularly in the 
Ganga river basin, 
the gap between 
wastewater 
generated and 
treated is large, 
resulting in untreated 
wastewater flowing 
into water bodies 
with highly  
polluted surface  
and groundwater,  
and a deteriorating 
eco-system as  
a result.
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Exploring Market Mechanisms 
for Promoting Resource Recovery 
from Solid and Liquid Wastes

SeSSIon

S4

There is strong interest from 
government to partner with private sector 
around new business/ technology models 
focusing on resource recovery. a focus 
on towns along mainstream of ganga 
was suggested as the larger facilities 
potentially provide the right economies of 
scale for resource recovery projects. 

international good practice cases 
show that there are feasible business 
cases for resource recovery, including 
availability of relevant technologies. 
resource recovery from waste cannot 
be looked at as a standalone activity, it is 
critical to incorporate resource recovery 
elements right into the design of waste 
treatment facilities. reuse water tariffs (for 
reuse by industry) can go down if cost of 
water treatment can be reduced through 
energy and nutrient recovery. Development 
finance support is available to evaluate 
innovative proposals for resource recovery 
opportunities. however, technology 
companies and projects developers 
usually find it difficult to mobilise such 
funding sources without a clear ask 
from the government agencies in india. 
it is critical to define the risk profile for 
resource recovery projects and ensure 

that the right risk-return framework is 
created for private sector. private sector 
is able to undertake design, technical and 
execution related risks, however, risks 
linked to sustainable availability of waste 
resource or policy changes cannot be 
borne by the private sector. For successful 
resource recovery projects, good quality 
data on the quality and amount of wastes 
is critical to ensure understanding of key 
design elements which is necessary for 
proper risk profiling. The quality of detailed 
project reports and risk-reward framework 
in such projects becomes critical.  some 
key contractual issues highlighted during 
rendezvous include:
a. Unreliability of data (parameters at 

moment of tendering cannot change 
after contracting, e.g. characteristics 
and volumes of wastewater inflow).

b. Unreliability of government adhering 
to payment obligations.

c. lack of strong regulations and 
enforcement that are not creating 
the required framework for enabling 
resource recovery from waste.

S4.4. recommenDATIonS
There is a definite need to promote the 

rr projects. call for expressions of interest 
(eoi) for pilot projects could be another 
option, where a public call for eoi would 
be opened by nMcg/cganga inviting 
private sector (technology companies 
and project developers) to submit their 
conceptual ideas for resource recovery. 
The eois received by nMcg/cganga 
would then be technically evaluated by 
cganga under the proposed/upcoming 
environmental Technology Verification 
(eTV) framework and/or vetted by a 
multi-stakeholder group (consisting of 
international/ local experts, private sector 
and government). The key objectives of the 
initial evaluation/vetting would be: 
a. prioritisation of initiatives and  

creation of enabling environment  
for pilot projects.

b. provide logistical and facilitation 
support to the project developers for 
innovation, partnerships, and new 
business models.

HoW To JoIn:
participants wishing to join the working 
groups can do so online at the cganga 
website (how to engage with us) and 
select working group eo6.

concept of resource recovery (rr) 
from waste streams. rr from waste is 
not a technical challenge but a business 
challenge that requires supporting 
policies, good planning, design and 
risk-reward sharing framework for 
successful implementation. rr pilot 
projects can be broadly classified into 
the following three areas: 
a. rr amendments at existing waste 

management facilities such as existing 
wastewater treatment plants.

b. incorporating rr requirements in 
new projects that are currently under 
planning or design stages.

c. promoting the concepts of circular 
economy principles and supporting 
pilot projects that look at creating 
innovative market-led business 
models for rr. For example, setting up 
combined rr systems for high organic 
strength industrial waste streams and 
fecal sludge.
rr initiatives could be taken by setting 

up of a multi-stakeholder task force 
by nMcg, with potential support from 
cganga and 2030wrg, with the objective 
of developing a concept note on rr 
opportunities and enabling framework for 

TaKe away 
poinTs

rr initiatives could  
be taken by setting up  
of a multi-stakeholder 
task force.

call for expressions  
of Interest (eoI) for  
pilot projects.
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• Criteria for Sewage 
Treatment and River Water 
Quality for Designated 
Uses – Report Card 
Framework

• Water Use Efficiency in 
Agriculture Sector

• Management of Fixed 
Dissolved Solids and 
Completing the Natural 
Salt Cycle

• Managing Surface / 
Groundwater Interaction 
and Hydraulics of River 
Channel(s)

SESSIoN

A
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A1.1. PRobING THoUGHTS 
India’s wastewater generation has 
been increasing rapidly over the past 
decades with increasing industrial 
and urban activities. This has led to 
the growing problem of protecting the 
environment from being overloaded by 
sewage discharges from urban centers. 
The main control mechanism adopted 
in India to tackle this problem has been 
to prescribe increasingly stringent 
standards of wastewater release into 
inland areas. But these standards 
prescribe fixed norms of discharge 
across the whole country irrespective 
of the possible environmental impacts 
of such discharges in different areas or 
at different times. Thus, implementation 
of such norms across the board implies 
that pollutant discharges can be as high 
in already polluted areas as in relatively 
unpolluted segments, thus making 
the highly polluted segments prone to 
degenerate entire ecosystems while 
other segments are barely affected 
by the incoming effluents. As such the 
standards may need to be revised to meet 
the ecosystem requirements at different 
periods of time at different places.   

A second point to note is that the 
discharge standards themselves may 
be based on scientific criteria that 
are theoretically correct in laboratory 
conditions, but they may have varying 
implications in the real environment. For 
instance, the water quality required for 

bathing may be quite different from that 
of drinking, and such requirement may 
even vary due to climatic or other factors. 
Hence, the standards may need updating 
from the usage point of view. 

Thirdly, financial resources for urban 
sewage treatment in India seem to be 
grossly limited. Hence many towns and 
cities treat only a small part of their 
sewage adequately, while the rest is 
discharged completely untreated. In 
general, however, the initial treatment 
(“primary treatment”) system costs 
only about 20-30% of an entire STP but 
removes some 50% of its pollutants. 
“Secondary treatment” is less cost 
efficient (it may cost around 50% and 
remove another 40-50% of pollutants),  
and “tertiary treatment” is even less  
cost-effective (it may remove only 5-10% 
of the total pollution load at a cost of 
about 20-30% of the total, although tertiary 
treatment may be particularly effective  
in removing pathogens). In view of these 
issues, the question arises whether a 
hierarchical set of standards should 
be adopted for sewage discharges 
under different categories, such as 
“Compulsory” (achievable by primary 
treatment alone), “Highly Desirable” 
(achievable after secondary treatment), 
and “Desirable” (achievable with tertiary 
treatment included). 

DAy 2:  
Tuesday; December 5, 2017;  
14:00 - 15:15 h & 15:45 -17:00 h

VENUE:  
Committee Room A – Vigyan 
Bhawan Annex, New Delhi

CHAIR: Dr Kalyan Rudra, West 
Bengal Pollution Control Board

MoDERAToR: Dr Vinod Tare,  
IIT Kanpur

PANElIST: Dr Naresh Singhal, 
University of Auckland,  
New Zealand; Dr A AKazmi, IIT 
Roorkee; Dr Indumati M Nambi, 
IIT Madras; Dr Anshuman, TERI; 
Dr N N Rao, NEERI;  
Dr Pawan Labhsetwar, NEERI; 
Mr D P Mathuria, NMCG;  
Mr Sundeep, NMCG

Criteria for Sewage Treatment 
and River Water Quality for 
Designated Uses – Report 
Card Framework

SESSIoN

A1

To decide upon the above possible changes in sewage discharge standards so that 
the overall environmental goals can be achieved at a much lesser cost to the nation, 
some issues that may need to be considered in detail are:

A1.2. KEy QUESTIoNS To bE ANSWERED

Instead of uniform 
sewage/ effluent 

discharge standards 
across the board, 
should we move 
towards a more 

dynamic and segment-
specific approach? 
That is, should we 

adopt a framework that 
takes into account the 

pollution status in a 
particular part/stretch 
of river or water body 
or ecosystem over a 
particular season or 

time period?

The transition from 
a fixed discharge 

standard regime to 
a dynamic one can 

be expected to raise 
some problems, e.g. 
due to differentiated 

responsibilities 
of wastewater 

producers, due to 
different mechanisms 
that may be needed 
for monitoring and 

standardisation, etc.  
Hence, how should 

such a dynamic regime 
be rolled out and 

monitored?

Should the discharge 
standards for sewage 

be staggered in 
different achievable 
categories, so that 

the overall impact on 
aquatic ecosystems 
will be positive in 

the medium term in 
comparison to present 

trends?

Should only the pollution 
levels in the river stretch 
be considered, or should 

the consideration be 
based on the overall 
biogeochemical or 

ecological requirements 
of the stretch? 

Since the overall aim 
of the above measures 

is to improve the 
status of our rivers and 

other water bodies, 
how can we measure 

the progress that is 
achieved?  Should a 

Report Card Framework 
be developed for 

different river 
segments? What should 

be the structure and 
parameters of such a 

Report Card?

1 3 5

2
Should the sewage and 
trade effluent discharge 
standards be reviewed 
against the expected 

water usage of the 
receiving water body?

4

6

50%
In general, however, 
the initial treatment 
(“primary treatment”) 
system costs only 
about 20-30% of 
an entire STPbut 
removes some 50% of 
its pollutants.



IWIS • 2017 5958 IWIS • 2017

A1.3. DISCUSSIoNS
• There lies a difference between criteria 
and standards. Criteria are based on 
cause and effect relationship. If there 
are standards for something, then there 
must be a technology to measure it.  
Few topics worth discussion include:
a. Water quality norms for the  

water bodies.
b. To what extent we should treat 

effluents whether domestic  
or industrial?

c. How do we make sewage treatment 
a sustainable business?  

• Every hydrological system is unique 
when it comes to water quality 
characteristics.  When it comes to the 
standards, these should not be uniform for 
all places as every hydrological system 
has its own special properties and they 
are unique. Assimilative capacity of the 
hydrological system should be kept as 
criterion when any standards are being 
set. With lesser availability of water 
resources, the government is bound to 
have stringent standards. 

• There is a need to give the right message 
to the society about the status of our rivers. 
When we say that BOD level in river is high 
and it is not good for bathing, do we really 
have some scientific evidences to show 
that the BOD is impacting the human health 
directly? What is the science perspective 
on using BOD norm for bathing purpose? 
In the current guidelines for bathing 
purpose require a BOD of 3 mg/l or less. 
However, there is no scientific evidence 
that exposure to greater BOD can lead 
to health hazards if the dissolved oxygen 
is 5 mg/l or more. However, there can be 
other harmful bio-materials or chemicals 
present in the water which requires careful 
investigations. BOD does not capture 
impacts of any such things.
• There could be a situation where DO 
is in excess saturation value and BOD 
can still exists at the same time. Take 
an example of high DO in day time 
(because of eutrophication) and very 
less DO at night time, this may harm 
aquatic life in the system. DO can give 
more information than monitoring of BOD 
at any station. BOD may not help us in 

Criteria for Sewage Treatment and 
River Water Quality for Designated 
Uses – Report Card Framework

monitoring the actual situation rather it 
gives the wrong impression/message to 
the society and world that our rivers are 
not even good for bathing.

A1.4. RECoMMENDATIoNS
Every community should have at least 
primary treatment on the priority basis. 
Many of the small urban and village 
centres release their sewage untreated. 
However, a basic primary treatment only 
costs about 20-30% of the entire STP 
cost and it removes more than 50% of the 
pollutants. Further, we can have three 
levels of treatment i.e., Compulsory, Highly 
desirable and Desirable. A small task force 
which can suggest on such parameter 
identification and give a brief presentation 
in two months could be constituted.

Due to steady increase of industrial 
and urban activities, the wastewater 
generation has increased tremendously 
in the recent times. This in turn has 
resulted ecological problems especially 
surrounding the urban centres. However, 
the stringent norms which are fixed 
for entire country are neither suitable 

from environmental consideration nor 
achievable economically. Thus, a revision 
of these norms is required with keeping 
protection of the ecosystem in mind. 

Valuing water is utmost important. 
Sewage/effluent treatment business 
would not be sustainable only by 
recovering the energy and nutrients 
unless treated water sale by local bodies 
through promotion or allowing appropriate 
pricing of water. What should be the right 
price? Currently, Central government 
is mainly paying for all these treatment 
plants and facilities. Central government 
may pay to State government and make 
them understand that this treated effluent 
is a resource for them. Local bodies 
should take burden of these facilities and 
they should decide the pricing.

HoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working groups  SR1 – criteria for 
sewage and river water quality and SR5 – 
report card framework.

SESSIoN

A1

TAKE AWAy 
POINTS

No relationship between 
boD and health hazards.

Do is better parameter 
to capture variation. 
boD is just an indicator 
of biodegradability of 
substances present  
in water.

Revision of water quality 
norms for designated 
uses of water bodies for 
communicating the impacts 
to communities and 
sewage treatment norms 
considering value for 
money spend is required.

cGanga may constitute  
task force to prepare a 
report on above.

GENERATIoN 
oF WASTE 
WATER
Due to steady increase 
of industrial and  
urban activities, the 
wastewater generation 
has increased 
tremendously in the 
recent times. This in  
turn has resulted in 
ecological problems 
especially surrounding 
the urban centres.
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A2.1. PRobING THoUGHTS 
The agriculture sector in India is vital 
not only for the nation’s food security, 
but also because it provides direct and 
indirect employment and livelihood to 
more than half the country’s population. Its 
contribution to the nation’s GDP, however, 
is less than even 20%. And, yet, in terms 
of natural resource use, agriculture 
occupies the greater part of India’s land 
area and consumes nearly 85% of water 
every year. Moreover, India’s agricultural 
water use is among the highest in the 
world, but the crop yield per unit of land 
and water is among the poorest. While 
a significant part of the cultivation is 
rain-fed, irrigation efficiency in surface 
water irrigated areas is very poor. Often, 
irrigation applications are far in excess 
of crop water requirements. Many areas 
have been over-irrigated for decades, 
leading to leaching of nutrients, soil 
erosion and degradation, reduced crop 
yields, and pollution of groundwater or 

A2.3. DISCUSSIoNS
India has the largest agricultural land 
with free water for irrigation. Seepage 
from the unlined canals is a big portion 
of surface water irrigation schemes. For 
example, the canal system in UP alone is 
of 70 thousand kms of length contributing 
to seepage. The irrigation efficiency in 
India is about less than 50 percent. Major 
issues are related to the distribution and 
importance of automated control of canal 
systems. Metering and pricing of water 
is also a matter of concern in the present 
scenario. Users, particularly the farmers 
have no incentive to use the water in 
more efficient manner. Following points 
needs to be considered:
a. Pricing and metering of flow
b. Legislation on metering of flow for  

the irrigation
c. Water entitlement on farm level
d. Irrigation scheduling for low flow and 

high flow conditions
e. Use of recycled water in irrigation

receiving water bodies. Finally, increasing 
irrigation demands in many parts of the 
country have increasingly stressed our 
water resources and aquatic ecosystems. 
Thus, there are many pressing reasons to 
review the agricultural water consumption 
in our country. In particular, better irrigation 
management will reduce soil nutrient 
loss, fertilizer needs, soil erosion and 
degradation, and depletion and pollution of 
water bodies. 

Since agriculture is a critical area 
on account of national food security and 
mass livelihood issues, any attempt to 
reform agricultural practices need to take 
these concerns into account. Thus, water 
use minimization in agriculture will have 
to consider not only technical feasibility 
but also agricultural productivity, 
cost-benefit analysis, technological 
sophistication, socio-cultural traditions, 
and availability of infrastructural and 
knowledge support systems, training, and 
agricultural extension services. 

f. Surface water and groundwater 
contamination by the chemicals 
being used in agricultural sector

Considering water as a system, a better 
understanding of the entire system based 
on critical zone studies is required. It can 
include advanced monitoring systems such 
as ZOCDS, related monitoring techniques, 
real time monitoring and analysis platform 
that may help the public to understand the 
situation. Using genetic tools to improve 
the crop productivity is another option. 
New crops which are heat tolerant 
and efficient in water and nutrient use 
are needed to be developed. Also, it is 
necessary to maintain the soil fertility and 
carbon balance. Achieving this requires 
developing new technology and tools. 
Other few ways to increase efficient water 
utilization are:
a. Alternative cropping, e.g. dry variety 

paddy cultivation. Change in cropping 
pattern may help in better use of water

DAy 3:  
Wednesday; December 6, 2017; 
10:00 - 11:15 h & 11:45 - 13:00 h

VENUE: Committee Room A – 
Vigyan Bhawan Annex,  
New Delhi.

CHAIR: Dr B K Pillai, CWC, 
MoWR, RD&GR

MoDERAToR: Dr Ajay Pradhan, 
CEO, C2S2 Pvt Ltd

PANElIST: Dr J Adinarayana, 
IIT Bombay; Dr S P Singh,  
IIT Roorkee; Dr yuichi Mori,  
Mebiol, Japan; Dr Bob Ferrier, 
James Hutton, UK; 
Dr Kalyan Rudra, WBPCB; 
Mr Harsha Karumanchi,  
Kritsnam Technologies;  
Mr Paritosh Tyagi, Formerly  
with CPCB.

Water Use Efficiency in 
Agriculture Sector

SESSIoN

A2

What scientific 
and technical 
interventions are 
possible to improve 
large scale water-use 
efficiencies in the 
agriculture sector?

Can community 
ownership of local 
water resources 
help in reducing 
agricultural water 
consumption? 

Are comprehensive agricultural 
methods like Conservation 
Agriculture (or “No Tillage” 
farming), Alternate Wetting 
and Drying (or System of Rice 
Intensification), organic Farming, 
etc., that can reduce agricultural 
water consumption significantly 
while providing other benefits 
too (like reducing fertilizer and 
pesticide needs) applicable to 
India? If yes, then how can their 
footprint be expanded?

Can irrigation water 
conservation technologies 
like Micro-Irrigation Systems 
be promoted significantly in 
water-stressed areas in India?  
Are low-cost innovations/ 
simplifications of such 
technologies available?

1 2 3 4 5 6 7
How can farmers 
be incentivised to 
minimize water use? 
Can individual water 
quotas be assigned 
to farmers along with 
trading rights?

What institutional and 
policy bottlenecks need to 
be addressed?

Case studies of 
agricultural water saving 
in other countries

Some issues of critical importance that arise in considering the above problem are: 

A2.2. KEy QUESTIoNS To bE ANSWERED

85%
The contribution 
of agriculture to 
the nation’s GDP is 
less than even 20%. 
And, yet, in terms of 
natural resource use, 
agriculture occupies 
the greater part of 
India’s land area and 
consumes nearly 85% 
of water every year.
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b. Less use of chemicals in agriculture. 
Use of organic farming 

c. Soil less farming technology, requires 
70 percent less water 
The issue of ground and surface water 

contamination by the chemicals being 
used in agricultural sector is big, however, 
no such study, other than in Bihar region 
by Government of Bihar in association with 
NIH, have ever been done in Indian context 
in fields probably because the level of 
pollution is not alarming as yet. However, 
the applications of treated sewage were 
unsuccessfully done in past resulting in 
heavy metal and pesticides entering in our 
groundwater and food chain. 

The importance of water distribution 
through institutional reforms needs to be 
understood. Take an example of irrigation 
water situation in Utter Pradesh, where 
irrigation water is being diverted to non-
irrigation purposes and this has resulted 
in increased demand of water in other 
sectors causing scarcity of water for 
irrigation. Determining of right amount and 

right time of water needed for irrigation 
is the key issue to be resolved while it 
comes to the efficient use of water for 
irrigation, through canal system. There 
is a need for accuracy in survey while 
planning for canal system. Major failures 
in canals occur due to:
a. Design Failure
b. Inaccurate survey
c. Conjunctive use issue at tail end
d. Corrupt practices of water use

A2.4. RECoMMENDATIoNS
The issue of economic scarcity of water 
is equally important as to the physical 
scarcity. The unauthorized use of water 
creates an indirect water market in 
the canal command area. There is a 
need of measuring the water supplied 
to the farmers which can eventually 
help in identifying the losses and 
determining the pricing of water if policy 
allows. Water pricing is the need for 
improving the present condition of water 
resources. In Utter Pradesh, paddy, 

sugarcane and wheat are covering more 
than 80 percent of gross irrigated area. 
Improvements in the irrigation literacy 
and change in agriculture pricing policy 
may help in improving the efficient 
use of water for irrigation. There is a 
need to develop water credit system in 
agriculture systems. Pricing of water 
appropriately can reduce the misuse 
of water and create a market for water 
trading. If policy allows, water user 
association can themselves decide the 
price and amount of water to be used for 
irrigation and other uses. 

FEW oTHER IMPoRTANT CoNCERNS 
THAT NEED To bE ADDRESSED ARE:
a. Resolve the issue of unreliable and 

untimely water supply to the farmers; 
which made them to start using the 
groundwater, which is more reliable 
source of water

b. Measure the supplied/used water in 
terms of cubic meter rather than in 
terms of irrigated hectare area

Water Use Efficiency in 
Agriculture Sector

SESSIoN

A2

TAKE AWAy 
POINTS

Use advanced monitoring 
systems, real time 
monitoring and analysis to 
overcome the data lag and 
insufficiency

Studies on use of treated 
water used in agricultural 
sector in Indian context 
have to be done 

Water pricing mechanism 
is to be expeditiously 
implemented to improve 
water use efficiency

Most efficient water 
utilisation techniques 
should be adopted  
and farmers to be better 
trained on that

Create a market for  
water trading

Restructure canal systems

Take up pilot studies on soil 
less agriculture and urban/
house-hold agriculture.

c. Encourage market mechanism 
strategy to link the water use 
efficiency to the market

d. Loss of water due to evaporation 
and wet soil should be identified as a 
major loss and shall be accounted

e. First critical observatory established 
in the Ganga Basin, managed by IIT 
Kanpur being used in monitoring and 
analysing the water use in farms 
through real time monitoring. Such 
technologies should be looked upon

f. Crop intensification, micro irrigation, 
restructuring canal systems, and 
network for data collection such as 
soil moisture, water use, etc. need to 
be intensified.

HoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working groups  SR1 – criteria for 
sewage and river water quality and SR5 – 
report card framework .
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A3.1. PRobING THoUGHTS 
One of the significant ecosystem services 
provided by rivers is the removal of wastes 
or excess materials accumulating in the 
basin and their eventual transport in the 
sea. Every river has a natural capacity to 
carry such wastes, and we take advantage 
of this function in many ways. However, 
one type of waste that is often overlooked 
is soluble solids or salts generated from 
various activities in terrestrial environment. 
The removal of excess salts from the 
basin to the ocean by rivers is part of 
the natural salt cycle, and until human 
activities multiplied since the industrial 
revolution, a natural salt equilibrium on 
terrestrial surfaces had been established 
by the periodic flushing of salts through 
runoff and percolation leading eventually 
into oceans (where the dissolved solid 
concentration averages about 35,000 ppm 
or 3.5% while more than a few hundred 
ppm of salt in surface waters may be 
harmful for terrestrial ecosystems and for 
human consumption). But this salt cycle 
has been affected in the modern age 

A3.3. DISCUSSIoNS
Water has both conservative and non-
conservative pollutants of concern. One 
of the major services of river is carrying 
the excess material (waste) from the 
basin and transporting them in the sea. 
The advantage of this function of river 
can very well be used within its carrying 
capacity. However, for industrial salts 
the tolerance of such ecological system 
(river) is very low, i.e. using river as 
transport means can result into ecological 
hazards. The question is: 
a. Can we use rivers to complete 

the salt cycle during the monsoon 
period?

b. For this we need to have variable 
discharge standards for monsoon 
and non-monsoon period, can we 
have such variable standards and 
how appropriate it would be?

Treated sewage may have nutrients in 
it but conservative pollutants as salts can 
cause problem for the root zone of the 
soil.  Reverse Osmosis system, commonly 
used in household to remove salts to 
produce acceptable quality drinking 
water, increases water loss and results in 
discharge of large quantities of salt laden 
water in an unregulated manner. 

Although sea is the sink for all 
salts, local farmers and fisherman have 
observed the absence of seaweed in the 
area where desalination effluents are 
being discharged. This clearly shows salts 
entering sea has some adverse effects 
even though the salt concentration in the 
sea is much higher than the salts in the 
effluents. It calls for formal studies by 

by various industrial activities such as 
chemical and pharmaceutical industries, 
tanneries, dyeing and textile units, mining, 
etc., and, at least indirectly, by lifestyle 
changes. Such activities can generate 
huge quantities of salts, whose disposal 
into the environment is very harmful, 
but nor can the salts be indefinitely 
accumulated at site. 

The question arises whether rivers 
can be used to transport the surplus 
salts (that are non-hazardous) to the 
oceans without causing harm to the 
rivers themselves. This obviously means 
the need to assess rivers’ capacities 
to transport the salts (considering 
especially the effect on aquatic life) and 
decide upon means to utilize any spare 
capacity. In the case of Indian rivers, the 
monsoon period (wet period) is a time 
when such capacity should be spare, if 
not during other periods. This, however, 
implies that there should be some means 
to store the soluble solids in situ for a 
part of the year before they are flushed 
out during the rainy season. 

academic and government institutions 
for understanding the effect of salts on 
different water bodies.  

It is well acceptable that industrial 
waste should undergo primary, 
secondary, and tertiary treatment. After 
that it should go into the RO plant. The 
high salt concentration wastewater 
produced from RO could undergo 
evaporation treatment and salts could be:
a. stored in an underground cave,
b. reused after crystallization 

separation of salts,
c. discharged during high flow after 

dissolving it with the wastewater.

Some of the bottle necks in these 
solutions are: 
a. Irrigation use can potentially degrade 

the soil through increased salinity
b. Underground storage in lined 

reservoir avoids soil degradation but 
the storage can be limited with time 
and there can be shortage of space

c. Release of salts during the high flow 
can be dangerous because there 
could be organic or metal impurities 
present in the remaining waste, which 
could be harmful to aquatic life. 

Treatment and reuse could be the 
viable solution rather than treatment and 
discharge. There are issues with direct 
discharging of salts in rivers no matter 
whether it is lean season or wet season. 
Also, if one opts for desalination processes 
and crystallizes the salt there is no point in 
releasing it into the river, reuse would be 
better option in that case. The issue with 
such processes is their economic viability. 

DAy 3:  
Wednesday; December 6, 2017; 
14:00 - 15:15 h & 15:45 - 17:00 h
VENUE: Committee Room A – 
Vigyan Bhawan Annex,  
New Delhi

CHAIR: Dr Kalyan Rudra, West 
Bengal Pollution Control Board

MoDERAToR: Dr Vinod Tare,  
IIT Kanpur

PANElIST: Mr Sajid Hussain, 
TWIC; Mr Sundeep, NMCG;  
Dr Anubha Goel, IIT Kanpur;  
Dr Sanjeev Chaudhari, IIT 
Bombay; Dr N N Rao, NEERI;  
Dr Praveen Kumar, NMCG;  
Dr Indumati M Nambi,  
IIT Madras; Dr Brijesh Dubey,  
IIT Kharagpur.

Management of Fixed Dissolved 
Solids and Completing the 
Natural Salt Cycle

SESSIoN

A3

Several issues 
of concern in 
considering this 
possibility arise e.g.

A3.2.  
KEy  
QUESTIoNS  
To bE 
ANSWERED What should be 

the monitoring 
mechanism to ensure 

the saftey of rivers 
against additional 

salt loads?

How is a river’s 
salt carrying 

capacity to be 
estimated?

What type of salts 
can be allowed 

for transport, and 
in what quantities 
and when (period/

month/season)?

What interventions  
should be designed to allow 

rivers to transport salts 
produced in bulk by industries 

or other anthropogenic 
activities? Should surface  

or subsurface storages  
(until the salts are disposed)  
be allowed? What adverse 

effects should be  
acceptable?

2 4

1

3

RIVERS’  
CAPACITIES
The question arises 
whether rivers can 
be used to transport 
the surplus salts to 
the oceans without 
causing harm to the 
rivers themselves. 
This obviously means 
the need to assess 
rivers’ capacities to 
transport the salts 
and decide upon 
means to utilise any 
spare capacity.
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Allowing release of salts during monsoon 
may prevent innovation and give escape 
route to polluters for not doing enough for 
the environment.

A3.4. RECoMMENDATIoNS
The soil of Ganga basin is important 
as the river itself, and if people are not 
comfortable with releasing the salts into 
water, it will end up with accumulating the 
salt on land which harms the soil of basin 
and eventually the river itself. Currently, 
with available data, situation and 
resources, it is best to release the salts 
into river. Here the major question arises:
a. What interventions should be 

designed to allow rivers to transport 
salts produced in bulk by industries? 

b. Should surface and sub-surface 
storage, until the salts are disposed, 
be allowed? What adverse effect 
should be acceptable?

c. How to estimate the salt carrying 
capacity of a river? 

d. What kind of salt should be allowed 
to transport with identification of 
allowable quantity and season? 

e. What should be the monitoring 
mechanism to ensure the safety of 
rivers against additional salt? 

Huge amount of salts are being used 
in Jajmau area, Kanpur. A list of different 
salts and the study of market opportunity 
of these salts like sulphate, chloride will 
help in finding answers to the above 
questions. Another way is that polluters 
should pay and should have all the 
facilities to treat/recycle and reuse the 
salt and finally send the remaining salt to 
the hazardous dump site. Such polluting 
industries should be dislocated to the land 
near to the sea, where the salt can be 
dumped into sea. Else, at least industries 
should be forced to make viable solution 
of such problems. Industry should never 
be given free hand to dump the salt in 
river and there should be a monitoring 
body to have control of such industries. 
A monitoring body should be made 
which can eventually be responsible for 
controlling any kind of salt released in 
rivers. Here government needs to take 
some harsh decision on polluters. 

HoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group SR3.

TAKE AWAy 
POINTS

ZlD option is the way 
to go and whatever the 
state of art technology 
available to minimise use 
of salts and reuse of salts 
should be exploited to its 
full potential. However, to 
reduce carbon footprint 
and availing services 
of transporting the salts 
by rivers during the high 
discharge period without 
significantly impacting the 
river ecosystem should be 
seriously explored.

Management of Fixed Dissolved 
Solids and Completing the 
Natural Salt Cycle

SESSIoN

A3

SAlT WATER 
A monitoring body should be made which can eventually be responsible 

for controlling any kind of salt released in rivers.
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A4.1. PRobING THoUGHTS 
Anthropogenic activities in river basins 
result in substantial changes in land 
use, land cover, and waterways. For 
example, increased urbanisation and 
infrastructural developments (such as 
roads), deforestation, agricultural tillage, 
land-filling and compaction, drying up of 
water bodies, and construction activities 
have been the norm in India. These 
changes often lead to rapid overland 
flow causing increased soil erosion, 
reduced percolation of surface runoff, 
and enhanced suspended loads in rivers 
and streams, although sometimes human 
activities can also block flow paths and 
cause water-logging or even flooding. 
These effects not only impact river 
channel morphology, but also change 
the dynamics of surface water and 
groundwater interaction, which often 
results in decreased base flows in rivers. 

Further greater flood peaks and 
flood damages, and the drying up of 
rivers in lean seasons, often have grave 
consequences for human settlements and 
river biodiversity. Thus, new strategies for 
managing surface water – groundwater 
interaction and river channel hydraulics 
need to be evolved in order to maintain 
sustainable Environmental Flows in rivers 
along with moderate flood peaks. 

A4.3. DISCUSSIoNS
Ponds have been extensively used as 
a source of water supply especially in 
the Ganga basin. Quality of groundwater 
has been affected due to sewage 
percolation. Groundwater recharge 
has been happening through sewage. 
Sediments in the Ganga basin at many 
locations are loaded with arsenic, iron 
and such components. Anthropogenic 
activities, particularly availability 
of degradable carbon through land 
application of sewage/fecal solids 
are reported to be the main cause of 
the mobility of the above-mentioned 
constituents in the groundwater. 

Most of the river stretches were 
influent rivers fed by groundwater have 
become water loosing stretches (effluent 
stretches). As a result, water released 
from the upstream storages does not 
reach downstream of the river. Also, in 
the course of time, many rivers/drains 
have become waste carrying rivers.  
Land in general has become so dry and 
thirsty that the water released from the 
upstream storages gets sucked up in the 
upper stretches itself. Hence, the usage 
of rainwater to be promoted for recharge 
of groundwater. Any river eventually 
rushes to the sea, but this can be slowed 
down to make it usable for recharging 
groundwater. That is to say in the 
monsoon period, rainwater can be used 
for groundwater recharge and stored 
in the aquifers as much as possible so 
that the same can be made use of during 
the non-monsoon months to enhance 
the base flows. This can be facilitated 

by understanding the state-of-the-art 
tools dealing with groundwater-surface 
water interaction through research and 
development. Suggestions can be given to 
the government as to what actions can be 
taken to stabilise the water table.

Groundwater quantity available in 
the Ganga basin is almost 20 to 30 times 
more than the surface water storage. 
In the last 100 years, due to surface and 
groundwater interaction, largest volume 
has been recharged from agriculture. 
There is not much data available in the 
basin for deep aquifers. We know that 
there is a fresh water surface layer, 
below is a saline layer which is thicker 
in the western basin than the eastern 
part of the basin. Then data from further 
below aquifer is unknown. There 
could be a huge fresh water reservoir 
replenished from the mountain side. 
Especially in the eastern part there is 
organic Gondwana sediments and young 
Himalayan sediments which contain 
arsenic combined with organic material 
and combined with rate of exchange of 
material create mobility of arsenic. In the 
eastern part, shallower layers have that 
risk because the organic layer is natural 
so you simply have to pump to get the 
mobility of arsenic. In the west we do not 
have this organic layer. 

River and groundwater interaction is 
much localised. Catchment development 
by local recharge using check dams and 
natural depressions are more useful. This 
is more important for local recharge and 
arresting rainwater. There is no single 
solution that fits all. We really need to 

DAy 4:  
Thursday; December 7, 2017; 
10:00 - 11:30 h

VENUE:  
Room No. 121, New Lecture  
Hall Complex, IIT Delhi

CHAIR: Dr M A Chitale  Formerly 
with MoWR, RG&GR, GoI

MoDERAToR: Dr Vinod Tare,  
IIT Kanpur

PANElIST: Mr Alan Jenkins, 
Centre for Ecology & Hydrology 
(CEH), UK; Dr B S Murty,  
IIT Madras; Dr Kees Bons, 
Deltares, Netherlands

Managing Surface / 
Groundwater Interaction and 
Hydraulics of River Channel(s)

SESSIoN

A4

1

2

4

6

3

5

Would the  
inter-linking of natural 

drains and water  
bodies at local scales 
(such as in city areas  
or at district levels)  
help remediate the 

problem?

What measures are 
necessary for  

inter-linking of  
natural drains and 

water bodies at  
local scales?

What measures are 
needed or desirable 
to prevent choking 

and geomorphologic 
instabilities of rivers 

caused by excess  
silt inflows?

Are there any 
national/international 

case studies carried out 
on the topic of inter-

linking of natural  drains  
and water bodies   

at local scales and 
analyse their impact  

on river flows?

What additional  
steps and/or preventive 

measures are 
necessary to enhance 
groundwater recharge 

and base flows?

What monitoring 
mechanism can  

be adopted to gauge  
the success of the  
above measures?

Some possibilities to address this task 
and the issues of concern are: 

A4.2. KEy QUESTIoNS 
To bE ANSWERED

NEW 
STRATEGIES
New strategies for 
managing surface 
water – groundwater 
interaction and river 
channel hydraulics 
need to be evolved 
in order to maintain 
sustainable 
Environmental Flows 
in rivers along with 
moderate flood 
peaks. 
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look at different regions of the basin. 
Areas such as mountain peaks need 
to be protected. Solving the continuity 
equation at different scales and different 
regions of the basin to figure out where 
the change in storage is happening may 
be useful. For example, in the Kaveri river 
basin, there has been more upstream 
catchment development, which resulted 
in using water upstream rendering low 
water availability at lower streams. The 
gap has to be bridged between multiple 
small interventions from check dams to 
ponds by parameterizing them into models 
so that we can look at the hydrological 
behaviour of multiple sub basins within 
a large system. This can be connected 
to a value added future scenarios such 
as change in the population and other 
patterns, and hence if the model is 
working well then we can simulate the 
nature of the change in hydrological 
response. Thereby, comparisons such 
as different crop types, also comparison 

between large reservoir and multiple 
smaller storage systems can be made. 
This can be used for evidence based 
rational decisions to help government.

A4.4. RECoMMENDATIoNS
In terms of spatial and temporal scales, 
we have to depend upon models, without 
which there is no way to get handle on 
these issues. The present day models have 
evolved enough to quantify uncertainties 
arising due to lack of historical data. We 
need to start simultaneously the data 
gathering and application of models 
particularly for the things that we need 
the answers. In addition, integration of 
these models with the socio economic 
models to see where the benefit is 
going and whether the society is ready 
to live with that redistribution because 
equity has to be maintained for it to be 
sustainable. From the hydrological point 
of view, it is known that there is a lot of 
information so the need is to focus on 

involving other groups such as geologists, 
geographers, socio-economists, 
ecologists, agronomists, etc. Few other 
issues to be considered are:
a. Check dams are probably the 

most effective way to recharge 
groundwater but it may not help to 
maintain the E-Flows.

b. The more important question is that 
India is moving from agricultural 
sector to service sector. This is 
putting heavy burden on hydrology/ 
water. It is more important to answer 
how to deal with this situation of 
stress on water resources.

c. The power of the model for 
planning purpose is the fact that it 
addresses these different sectors 
such as agriculture, energy, water, 
etc. Looking at each component 
is a limited way of understanding 
the system.  So, a system based 
approach that brings together these 
interdependencies is needed

d. The models should connect the 
groundwater, surface water and 
atmospheric water.

e. Government has to set the objectives. 
Scenarios have to be put in place 
according to priorities.

f. There is a consensus on the idea that 
society should decide on future and 
objectives to set up. However, the 
implementation is with the government. 
The role of the government is to act as 
a coordination body.

g. We need to get people from different 
backgrounds and all aspects of 
society together. This includes 
politicians, stakeholders in land 
management. Not only science, we 
need social understanding, financial 
mechanisms.

h. All these aspects are surrounded 
around the people. Hence, we need 
local management decisions.

i. Models can do the job of making 
people understand some specific 
issues and make them understand 
what future they want to be part of.

j. India is changing rapidly that 
is socially and economically. 
Agriculture is also changing. These 
changes have to be kept in mind 
while we make a report of any 
futuristic considerations. It should 
not only be a scientific input but 
also a sociological input. We need a 
group of social scientists. All studies/
programs need to be planned with 
enough involvement and input from 
village Panchayats or people or 
municipal councils.

k. The working plan is driven by 
essentially Engineers/Administrators. 
There is no input as what the society 
wants. There is some input which 
comes from civil society organisations 
but this is exactly not from the society 
but the activists. So, one side is the 
engineers or technologists driving 
their own project and other side is  
the activists. Hence, there is a huge 
gap in this process.

HoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group SR5.
 

Managing Surface / Groundwater 
Interaction and Hydraulics of  
River Channel(s)

SESSIoN

A4

TAKE AWAy 
POINTS

Hydraulic modeling can be 
used for making evidence 
based rational decisions to 
help the government.

The models should 
connect the groundwater, 
surface water and 
atmospheric water.

Interlinking of water 
bodies (ponds/drains) at 
local scale is feasible and 
should be taken-up on 
priority. Generation of high 
resolution digital elevation 
models using state-of-the-
art technologies (use of 
drones/lidar surveys) must 
be given very high priority.
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• Delivering on Sustainable 
Hydropower – Run of the 
River and E-Flows

• Developing Canals and 
Urban Natural Drains  
for Recreation and  
Surface Transport

• Urban River Management 
and Interlinking of Water 
Bodies at City Scale

• Compact/Packaged 
Wastewater and Solid 
Waste Treatment Solutions

SESSIoN

B
Tehri Reservoir, Uttarakhand
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B1.1. PRoBINg THoUgHTS 
Hydropower is the second-largest energy 
producer in India (after thermal energy). 
Hence its importance in meeting India’s 
energy demands is undeniable. Moreover, 
with increasing emphasis on clean energy 
production, a renewable and emission-
free resource like hydro-energy can only 
be expected to receive increasing boost 
in coming years and decades, given that 
India has considerable hydro-energy 
potential. The maximum hydro-energy 
potential lies in the Himalayan rivers in 
Northern and North-Eastern India, and 
some of it has already been tapped. 
Among many hydropower projects that 
have been executed or planned for Indian 
rivers, therefore, most are in North and 
North-East India. 

Large hydro-electric projects are 
executed by constructing dams across 
rivers and diverting water locally for 
operating the turbines. In upland river 
stretches, steep gradients often also 
enable the construction of series of 
dams (with their respective power 

generation units) in a single stretch of 
the river. But dams create enormous 
problems for the environment. For 
instance, they fragment the rivers into 
disjointed segments of semi-quiescent 
pools or reservoirs (sometimes with 
nearly dry stretches between them), 
which have fractured river habitats and 
affected river biodiversity grievously 
due to barriers in upstream-downstream 
migration. Sediment trapping behind 
dams has also probably led to increased 
geomorphologic instabilities and loss of 
fertility in downstream river stretches 
and riparian areas. Land submergence 
by reservoirs upstream of dams has 
uprooted human settlements and/or 
disrupted forests and wildlife. Thus, while 
still being a form of “clean and renewable 
energy”, hydropower has caused many 
environmental damages in India. There 
is an urgent need therefore, to minimise 
such damage by new hydropower plants 
as also to find the means for eliminating, 
or at least reducing, the harmful effects of 
existing hydro-electric units. 

Day 2:  
Tuesday; December 5, 2017;  
14:00 - 15:15 h & 15:45 -  17:00 h

VENUE: Committee Room B – 
Vigyan Bhawan Annex,  
New Delhi

CHaIR: Dr M A Chitale, Formerly 
with MoWR, RD&GR, GoI 

MoDERaToR: Dr Ajay Pradhan, 
CEO, C2S2 Pvt Ltd 

PaNElIST: Dr M K Goel, NIH 
Roorkee; Mr Paritosh Tyagi, 
Formerly with CPCB; Mr 
Madhav Kejriwal, Harsil Hydro, 
Mr Sandeep Singhal, UJVNL, 
Dehradoon;  Mr Gagan Agrawal, 
Sikkim Power Development Co.

Delivering on Sustainable 
Hydropower – Run of the 
River and E-Flows

SESSIoN

B1

To ensure E-Flows 
and maintain longitudinal 

connectivity in rivers (i.e. avoid 
fragmentation of the river 

habitat), what means/ devices 
– such as river pass – can be 

adopted in the context of  
dams and barrages? 

are relatively small  
run-of-the-river hydroelectric 

projects less damaging to rivers 
in comparison to large dam 

projects? What criteria should 
be adopted for designing and/or 

assessing whether a  
run-of-the-river project is 

environmentally safe?

Is it techno-economically 
feasible for large hydropower 

projects with dams to 
significantly reduce land 
submergence and other 

negative consequences?

Can “river pass” or  
other means be also adopted 
to ensure adequate flow of 

sediments in rivers with  
dams or barrages?

Some relevant issues 
for addressing these 

problems, especially for 
the purpose of securing 

river health are: 

B1.2. KEy 
QUESTIoNS To 
BE aNSWERED

1 2 3 4

HyDRo-
PoWER 
PRojECTS 
 There is an urgent 
need to minimise 
damage caused by 
new hydropower 
plants as also to 
find the means for 
eliminating, or at 
least reducing, the 
harmful effects 
of existing hydro-
electric units.
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SESSIoN

B1
Delivering on Sustainable 
Hydropower – Run of the 
River and E-Flows

TAKE AWAy 
POINTS

Filling of groundwater 
reservoirs

other options like river 
pass should be looked into.

local people should  
be involved in monitoring  
of E-Flows

Feasibility of storage in 
hills, bowls and gorges 
should be studied.

Public hearing should be 
addressed instead of being 
managed.

B1.3. DISCUSSIoNS
Integral elements of sustainable 
development are economics, engineering 
and environment. The challenge is to 
meet the increased demands from the 
same, rather reducing quantity of water. 
Filling of groundwater reservoirs is of 
utmost importance for this. 

Sudden release of flow harms 
ecology even if design facilitates 
sediment release. River attains life due 
to turbulence so if you are inserting 
turbines IN stream, it is NOT ‘run of the 
river’. It is agreed that more storage 
required, but why IN the stream? There 
could be other options:
a. Storage in hills
b. Bowls
c. Gorges 
d. Water diversion

In-stream alternatives:
a. side weirs
b. split streams by walls so flow 

maintained
c. have cascade of hydropower plants

Reservoirs increase recharge. 
Infiltration wells have limited capacity. 
Small hydropower plants can come up 
without much regulatory clearances 
and are hence easy for implementation. 
Their short-term effects could be muck 
dumping/blasting, however, in long term it 
can regulate flows.

Dams have been used for:
a. Flood prevention (Ex: Tehri dam 90 m 

level risein 2 days; in absence of dam, 
more severe effects)

b. E-Flows provision during drought.
Hydropower is a long-term resource 

as compared to solar energy. Disposal 
of solar panels in long run can cause 
disturbance. In Norway, >95% energy is 
obtained from hydropower. 3 hydropower 
plants in north Sikkim – 3,3,5 kW meets 
the energy requirement of the whole area. 
Cascades could be an option but they are 
opposed as certain minimum river stretch 
is required for rejuvenation. 

B1.4. RECoMMENDaTIoNS
Developers and environmentalists are 
always at conflict. To minimise this 
conflict, few practical aspects of E-Flows 
have been listed:
a. Building block methodology is most 

comprehensive but hardly any 
studies are being carried out.

b. Honesty should be ensured in  
record systems.

c. Very active participation of local 
people is the solution, people must be 
heard during public hearings.

In the Himalayan stretch, low water 
levels are maintained in winter but the 
energy requirement is more. Is seasonal 
tradeoff of power between states possible 
instead of annual % share?

Water after its use in power generation 
should not come back to river. Sudden 
release of flows should be avoided to 
protect the ecology downstream. Local 
people should be involved in monitoring 
of E-Flows by putting marks and then 
calibrating with the scale. 

HoW To joIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group EO1.

aSPECTS oF E-FloWS 
Water after its use in power generation should not come back to river. Sudden release of flows 
should be avoided to protect the ecology downstream. local people should be involved in 
monitoring of E-Flows by putting marks and then calibrating with the scale.
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B2.1. PRoBINg THoUgHTS 
Canal irrigation has been a major factor 
in India’s agricultural growth since the 
nineteenth century. The Ganga river 
basin itself has a huge network of canals 
in North India. Other major rivers like 
the Narmada, Brahmaputra, Godavari, 
Kaveri and Krishna also irrigate vast 
agricultural tracts through their canal 
networks. But canal waters are used not 
only for irrigation; they are also tapped 
by industries and municipalities (for 
urban water supplies), besides bathing, 
washing and other sundry purposes 
by rural folks. Even hydropower is 
generated from canal falls. However, 
canal networks are not used for either 
recreation or surface transport, even 
when the main and branch canals 
are large and run long distances. yet 
transport by canals can be much more 
economic than road transport, especially 
for agro-industries (such as pulp & 

paper mills, sugar mills and distilleries), 
construction, mining, forestry and other 
industries located within or near canal 
command areas. Evidently, the potential 
for utilizing canals for transport and 
recreation needs to be evaluated.

While canal networks are spread over 
the vast hinterland, most urban centers in 
India are extensively covered by natural 
drains or nallas that carry storm water 
drainage. Inadequate development of 
urban sewerage over decades, however, 
have converted many of these storm water 
drains into sewage-carrying channels all 
through the 8-9 months of dry weather 
every year. This naturally poses public 
health hazards like disease-outbreaks 
and foul odor. Like canals, however, 
other useful ends can be achieved if 
these drains run with cleaner flows so 
that they can be used for recreation and 
transportation, both of which have a high 
demand in urban centers.  

Day 3:  
Wednesday; December 6, 2017; 
10:00 - 11:15 h & 11:45 - 13:00 h

VENUE:  
Committee Room B – Vigyan 
Bhawan Annex, New Delhi

MoDERaToR: Dr Vinod Tare,  
IIT Kanpur

PaNElIST: Dr Paul Bryant, 
Lyndon Water, UK;  
Dr P P Mujumdar, IISc 
Bangalore; Dr Rakesh Khosa,  
IIT Delhi; Dr Sanjeev Chaudhari, 
IIT Bombay; Dr Kees Bons, 
Deltaris, The Netherlands;  
Mr Prabhat Singh, IREC;  
Dr Manu Bhatnagar, INTACH, 
New Delhi

Developing Canals and Urban 
Natural Drains for Recreation 
and Surface Transport

SESSIoN

B2

B2.3. DISCUSSIoNS
Not lining canals is a usual practice 
which actually facilitates seepage 
resulting in groundwater storage. 
Sewage can be used as an opportunity 
to ensure perennial flow in drains. At 
the same time, care must be taken to 
prevent infiltration of sewage in ground. 
The cost of water transportation from a 
large distance is more than treating the 
sewage at the point of it’s generation. To 
achieve this, few questions arise: 
a. Can we have water space similar to 

green space which is proposed in 
town planning?

b. Can we ensure seepage of good 
quality water?

c. Usage of canals for recreational 
purpose?

d. How to solve flooding problem?
e. Anthropogenic blocking of drains – 

who will improve drains?

Take an example of Amsterdam where 
canals are used for navigation.  No single 
bridge in the port of Amsterdam.  Second 
example is of the riverfront restoration 
already done at Ahmedabad. Third is of 
Singapore, which earlier used to take 
drinking water from Malaysia, now is 
self-sufficient. They have used the spaces 
beautifully where people meet with the 
nature, combining environment (ecology)+ 
water bodies+ communities.

Inland water transport is one of the 
four main sources of transport. Below 400 
km inland water transport will work. In 
addition, monsoon variability is a threat 
to Ganga. Points to be considered for 
inland water transport are infrastructure, 
reliability, frequency, volume, siltation and 
distance for goods, transport and services 
between end user destination and port. 
The major issue to fix drains is the initial 
cost. San Antonia,  20 billion made 
immediately by restoring drain. Technical 

Canal networks are stretched over vast regions in India, and flow 
predictably for much of the year. also, unlike rivers, canals have steady 
and fairly uniform flow without bends, shallows and cross-currents. 
What are the important technical factors affecting their potential for  
use in surface transport?

What technical/infrastructural additions/ changes are needed to utilise canals 
as waterways? For instance, are landing and docking facilities at suitable points, 
connectivity of these ports with road networks, and smooth transitions at channel 
drops required and technically feasible for operating them as waterways? 

Can canals also be used for cheap rural services 
such as supply of essential commodities, mobile 
medical services, and commuting of school 
children and rural workers? What technical/ 
operational factors need to be considered? 

Canals often run through pleasant verdant 
surroundings in many places. Can canals be used 
for recreational activities like boating?

as in the case for canals, what are the potentials and challenges in 
developing natural drains flowing through Indian cities for recreation and 
navigation purposes? Can small in-situ sewage treatment plants, distributed 
throughout cities provide adequate clean water for these drains?  

What are the environmental precautions 
needed for using canals and urban drains 
for recreation and transport? 

Case studies of successful 
use of canals and urban 
drains for recreation and 
transport worldwide?

1 2 3 4 5 6 7

To achieve the desired ends outlined above, several issues need to be examined viz.: 

B2.2. KEy QUESTIoNS To BE aNSWERED
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SESSIoN

B2
Developing Canals and Urban 
Natural Drains for Recreation 
and Surface Transport

TAKE AWAy 
POINTS

To come up with a 
deliverable model, 
“developing drains and 
canals” should be stated 
as an objective needs 
to be stated in “Namami 
gange” program.

In Namami gange – 
ecological importance of 
drains should be stated.

government funds should 
be in the form of loan.

long drains can be 
developed for navigation/
transport purpose whereas 
short length drains can be 
developed for recreational 
activities and for 
ecological restoration.

Feasibility studies for 
economic viability 
(like case studies from 
Netherlands).

‘Polluter Pays Principle’ 
must be implemented 
immediately

For canal restoration, 
inland water transport 
and developments, three 
issues of prime importance 
were identified as techno-
economic feasibility, 
maintenance of depth 
& volume in drains and 
getting rid of stink/smell.

feasibility and cost are important points to 
be considered in inland water transport.

Government of India is already 
spending huge amount on sewage 
treatment with hardly any benefits. To 
initially start with, can we create a pilot 
on Sisamau drain, Shahdara drain or Assi 
river restoration? Simultaneously, can we 
go for Hoogli river and make it like Kerala 
backwaters for recreational purposes? Or 
Najafgarh drain in Delhi, Gurgaon to Agra 
stretch can be taken as pilot canal for 
transport and navigation.

Larger cities can have stretches to 
start with but smaller cities could be 
problematic. One major issue on large 
scale is seasonality and depth of water 

as for sustainable reservoir operation, a 
uniform flow needs to be maintained. 

B2.4. RECoMMENDaTIoNS
Treated wastewater could be reused to 
maintain the necessary depth in drains 
i.e. recovery of water from sewage should 
be adopted. At city level, river or drain 
restoration may be done for transport and 
navigation purpose. Few important points 
need to be considered are:
a. Recovery of water from sewage
b. STP design should be sustainable 

and treat water as energy 
c. Erratic rainfall so water budgets are 

tighter
d. Evaporation consideration

(storm water, sewerage system) is of 
limited capacity. Few other points to 
strengthen the workability of inland water 
transport system include: 
a. What is assurance that investment  

is utilised? A feasibility study to  
know the economic viability needs  
to be done.

b. Solid waste management is important.
c. Focus should be given on ‘Polluter 

Pays’ principle.

HoW To joIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group EO2.

e. Urban citizens must communicate 
with nature, special places where 
nature and people can meet should 
be developed

f. Land value along channel can 
be recovered and money can be 
generated

g. Inclusion of Ghats
h. Water transport across and along the 

drains should be thought of.

Upper Ganga canal was initially 
designed for transport, navigation and 
irrigation purpose. Water depth available 
in all seasons is around 8ft. Sufficient 
water is available till Bundelkhand. The 
basic concern is that the infrastructure 
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B3.1. PRoBINg THoUgHTS 
Managing a river as it flows through 
the urban spaces has become very 
challenging due to two main reasons: 
(i) abstraction of water for fulfilling 
increasing demand due to unplanned 
and often runaway urban growth, and 
(ii) discharge of untreated or partially 
treated sewage and trade effluents 
into the river. Further, a number of 
water bodies within the cities are 
disappearing as they become dry due 
to loss of catchment areas (due to 
greater built-up areas and loss of vacant 
spaces) and dumping of solid wastes 
in them. Thus, their ability to naturally 
treat wastewaters, attenuate floods, 
and store moisture in urban catchments 
gets considerably reduced. This not only 
affects the receiving rivers or water 

bodies adversely, but also aggravates 
urban problems like flooding, excessive 
dryness in summer, foul odor, soil 
pollution, loss of urban flora and fauna, 
and reduced groundwater recharge. 
Urban river management can be much 
easier and comprehensive as well as 
beneficial to the cities themselves if 
urban water bodies and the drains that 
flow through cities are rejuvenated 
to provide a healthy, aesthetic urban 
landscape. Such rejuvenation should 
be possible by preventing/ controlling 
polluted discharges into the water bodies 
and drains, and by inter-connecting 
them so that the water bodies and drains 
can replenish one another instead of 
overflowing into surrounding lands and/or 
discharging rapidly into rivers. 

Day 3:  
Wednesday; December 6, 2017; 
14:00 - 15:15 h & 15:45 - 17:00 h

VENUE:  
Committee Room B – Vighyan 
Bhawan Annex, New Delhi

MoDERaToR: Dr P S Rana, 
Construction Industry 
Development Council

PaNElIST: Mr Puskal Upadhyay, 
Joint CGDA, GoI;  
Dr P P Mujumdar, IISc 
Bangalore; Dr Ravi Chopra, PSI, 
Dehradoon; Dr Rakesh Kumar, 
Director, NEERI;  
Dr Sanjeev Chaudhari,  
IIT Bombay

Urban River Management 
and Interlinking of Water 
Bodies at City Scale

SESSIoN

B3

2

3

4

B3.2.  
KEy QUESTIoNS 
To BE 
aNSWERED

1
assessing the role of water bodies and natural 
drains in preparing Urban River Management 
Plans and quantifying their impacts on the rivers.

assessing the benefits in rejuvenating natural 
drains and other water bodies within urban 
spaces as outlined above. 

Determining the practical difficulties, 
technical feasibility and other challenges of 
interconnecting urban water bodies and natural 
drains and maintaining them.

Determining the role of government, 
municipalities and citizens in developing 
and maintaining the above network. 

Some relevant points that 
need to be critically assessed 
for the above purpose are: 

5 Review of urban water body networking 
in other countries.
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TAKE AWAy 
POINTS

Each city should have a 
lake at its centre

a certain hectare could 
be developed in such 
a way that it would be 
self-sustainable in terms 
of treating its sewage, 
solid waste, recycling 
& reusing the treated 
effluent and products of 
solid waste treatment

Develop 5% of the total 
area as water bodies in 
each city, just like 22-23% 
of area is mandatory to 
develop as green belt

TSS, BoD and fecal 
coliform were identified 
as the important 
parameters for measuring 
drain water quality

Set the conditions of 
drains and water quality 
in cities, as an indicator 
of achievements of 
planning projects like City 
Sanitation Plans and City 
Development Plans by 
government

Restore drains and nallas 
which currently are 
dumped with solid waste 
and sewage

B3.4. RECoMMENDaTIoNS
Cities are dependent on monsoon.  
Also, a pressurised distribution system 
to supply good quality water using high 
technology has developed. How do 
we manage our rivers during extreme 
conditions is the real challenge. Firstly, 
direct pumping of water from ground  
should be avoided. River policy should 
state that sewers intercepting rivers 
should be prevented in floodplains.  
If sewer systems do not function 
properly, heavy penalty must be imposed 
and if they function properly, provision  
of rebate should be there. 

As a demonstration project, Hindon 
river should be connected to yamuna River 
with the help of 3 lakes; one on upstream, 
one at Gaziabad and last one downstream. 
Every city with major rivers should have 
lakes on upstream and downstream side of 
city – this will make connectivity of water 
to sea in regulated and controlled manner. 
These lakes will take care of groundwater 
recharge. Also, if wastewater from 
communities is treated, there is no need 
of drainage system. Open water channels 
can only be kept to carry treated water. 
Each sector of city should have water body 
interconnected to each other. Ecology, 
sociology and politics should be taken care 
of in interlinking e.g. Kaveri dispute, Punjab 
Haryana conflict. It should be noted that 
bore well recharge is extremely dangerous 
and should be avoided. Natural way of 
recharging is highly encouraged.

HoW To joIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working groups EO3 – Urban River 
Management and EO4 – Interlinking of 
water bodies.

B3.3. DISCUSSIoNS
For urban rivers, major bottlenecks 
are low flow, garbage dump, banks 
encroachment, conversion of rivers 
to roads e.g. Khan market. Urban river 
destruction begins with watershed. River 
cleaning projects undergo temporary 
garbage removal activities which are 
not very effective, as they do not ensure 
permanent cleanliness of river. Few good 
examples already in the country are:
a. Beautification of riverside 

development at Ahmedabad
b. Revival of Sukhumajri, Uphnekal, 

Aravari
c. Navi Mumbai ponds (Dutch method 

of managing floods) 

For developing urban water bodies 
following points need to be considered:
a. Decentralis ed wastewater  

treatment plants
b. STP selling clean treated water to 

industry at reasonable rate
c. Water balance should be as local 

as possible i.e. each block/area 
have its own water and wastewater 
management 

d. ‘Think global act local’ should be the 
basis of planning

e. City sanitation plan – no connection 
with rivers

f. Gap should be properly bridged 
between city sanitation plan and river 
management plan

g. Impact of CRZ (Coastal Regulation 
Zones) on water bodies must 
be addressed, CRZ has led to 
water bodies being used for open 
defecation alone

h. 5% city area to be reserved for  
water bodies

SESSIoN

B3
Urban River Management 
and Interlinking of Water 
Bodies at City Scale

THE REal CHallENgE 
How do we manage our rivers during extreme conditions is the real challenge. 
Firstly, direct pumping of water from ground should be avoided. River policy should 
state that sewers intercepting rivers should be prevented in floodplains. 
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B4.1. PRoBINg THoUgHTS 
Long distance conveyance of water, 
sewage and solid waste imposes a 
major burden on cities not only in terms 
of expenditure but also operational 
problems. City water intake structures 
and water treatment plants are often 
located outside cities or near city 
boundary, from where they are delivered 
and distributed by pipelines (often 
by pumping) to sprawling city areas. 
Likewise, domestic sewage tapped 
from households and establishments is 
transported to large sewage treatment 
plants (often located outside cities) 
and to subsequent discharge points 
by extensive sewerage pipelines, 
while solid wastes are transported to 
appropriate disposal or treatment sites 
(also located outside cities). In all cases, 
huge transportation costs and potential 
health and environmental problems (due 
to leakages, spills, choking of pipelines, 
etc.) are a major concern for municipal 
authorities. Many cities, however, have 
overcome this problem of centralised 

water supply by abstracting groundwater 
or tapping surface water (if either source 
is available) from different city locations, 
and, after any needed treatment, 
distributing the water locally. But the 
same is not true for sewage and solid 
wastes, although the same principle may 
be also applied in these cases.

Decentralization of sewage treatment 
and solid waste processing can be much 
more economic and a better strategy 
overall than centralised schemes due to 
grossly reduced transportation distances, 
particularly since small-scale reuse and 
recycle technologies are increasingly 
available today. In the case of sewage, 
decentralised treatment has the added 
advantage that the treated wastewater 
can be reused locally, thereby reducing 
the load on fresh water supplies? 
However, the availability of space for 
decentralised schemes and managing 
many small systems simultaneously are a 
challenge considering the environmental 
hazards that can be posed by even one 
malfunctioning system. 

Day 4:  
Thursday; December 7, 2017; 
10:00 - 11:30 h

VENUE:  
Room No. 310, IIT Delhi,  
New Delhi

MoDERaToR: Dr Brajesh Kumar 
Dubey, IIT Kharagpur

PaNElIST: Dr Naresh Singhal, 
University of Auckland, NZ;  
Mr Devesh Sharma, Aquatech, 
USA; Mr Nigel Slaughter,  
Ligar Polymers, NZ;  
Mr Jan Grimbrandt, Boson 
Energy, Luxembourg;  
Dr Ligy Philip, IIT Madras

Compact/Packaged 
Wastewater and Solid 
Waste Treatment Solutions

SESSIoN

B4

large, centralised STPs 
have been the norm in 

India for many decades, 
and their problems and 

benefits are well known. 
But what are critical 

problems of working with 
compact/ packaged STPs?

1
Review of technologies 

available for small-scale/ 
packaged STPs.

2
What is the overall 

trade-off between large 
centralised STPs and 

conglomerates of smaller 
decentralised STPs built 
within the localities/city 

space?

3
What should be 

management strategy 
(including role of citizens) 
for decentralised sewage 
treatment and how should 

they be monitored?

4
Case studies of packaged 
STPs and decentralised 

sewage treatment systems 
(with or without reuse) 
operating in India and 

abroad. 

5

Several issues concerning 
this option may need to be 
examined or more adequately 
evaluated, such as:

B4.2. KEy 
QUESTIoNS To 
BE aNSWERED
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B4.3. DISCUSSIoNS
The technologies for the compact/ 
packaged STPs do exist and it has been 
in practice worldwide.  The concern 
is how to implement these solutions in 
Indian scenario.  If the reuse of treated 
wastewater within the same property 
is made mandatory then that will raise 
the interest of the residents of that 
community to ensure that the treatment 
plant is working properly and meeting all 
the standards. Then comes the issue of 
capacity building and making common 
people aware of basic parameters and 
technology. 

B4.4. RECoMMENDaTIoNS
The basic technologies to be adopted 
have to be simple and effective. To 
achieve this few points were emphasised:
a. cGanga should do an overview 

of the available technologies and 
have a ranking/guidance system 
of technology selection based on 
geographical, climatic, wastewater 
parameters, level of treatment 
and economics of the treatment 
alternatives

b. Capacity building will be required in 
terms of simple training programme 
to teach people how to run and 

Compact/Packaged 
Wastewater and Solid Waste 
Treatment Solutions

SESSIoN

B4

monitor these packaged systems
c. “Polluter Pays Principle” could be 

implemented as part of this packaged 
solution

d. To take care of economy of scale, a 
combination of packaged solutions 
for certain communities and regular 
sewage treatment plant for others

e. The local people who will use the 
packaged solutions should be part of 
the decision making process

f. Bring the solution under the roof of 
leading government programmes like 
Swachh Bharat, JNNURM, Integrated 
Low Cost Sanitation Scheme, 

National Biogas and Manure 
Management Programme.

The fertilizer subsidy being provided 
by government to fertilizer companies, 
to mix compost with their product, has 
helped in selling compost these days.  
Concern was that how long an activity 
such as compost can survive on subsidy? 

HoW To joIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group EO5.

TAKE AWAy 
POINTS

Make water/wastewater 
treatment as close to the 
community as possible

Make a mandate to use 
treated wastewater

Capacity building in terms 
of teaching people to run 
packaged systems

“Polluter Pays Principle” 
could be implemented 
as part of this packaged 
solution

a combination of packaged 
and regular sewage 
treatment plant system 
should be employed

cganga should prepare a 
ranking/guidance system 
of technology selection 
based on geographical, 
climatic, wastewater 
parameters, level of 
treatment and economics 
of the plant alternatives

Solutions should 
be brought under 
common roof of leading 
government programmes 
like Swachh Bharat, 
jNNURM, Integrated low 
Cost Sanitation Scheme, 
National Biogas and 
Manure Management 
Programme

The local people using 
packaged solutions 
should be part of decision 
making process
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• Data Generation through 
Sensor Networks, Remote 
Sensing through Satellites, 
Drones and LIDAR

• Data Modelling, 
Information and Analytics

• Developing a Skilled 
Workforce in the Water 
Sector

• Inspiring Entrepreneurship 
in the Water Sector

SESSIoNSESSIoN
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Data Generation through 
Sensor Networks, 
Remote Sensing through 
Satellites, Drones and LIDAR

C1.1. PRobING ThouGhTS 
Data is today changing depending on 
how we work, decide and allocate 
budgets - It might be helping to cure a 
disease, increase revenue, target ads or 
improving the environment around you. 
In general, data is simply another word 
for information. But when it comes to 
remote sensing, especially in the context 
of environmental monitoring, the data 
refers to information that is machine 
generated and machine-readable as 
opposed to human-generated or human-
readable. So one of the important aspects 

of environment data is that it is mostly 
sensor generated. This brings in some 
challenges and lot of opportunities.
 
Today environment data collection is 
being revolutionised by three things:
1. Falling sensor and microcontroller 

costs and improved coverage with 
low cost of public networks

2. Internet of Things (IoT) has improved 
as to how we acquire reliable data at 
an affordable cost

3. New technologies for data generation 
like Drones and LiDAR

DAy 2: 
Tuesday; December 5, 2017; 
14:00 - 15:15 h & 15:45 - 17:00 h

VENuE: 
Committee Room C – Vigyan 
Bhawan Annex, New Delhi

ChAIR: 
Mr A Seshagiri Rao, TCIL

MoDERAToR: 
Dr Surya Dhurba; IIT Bombay 
& Mr Mayank Chauhan, 
LogicLadder

PANELIST: 
Dr Jon Tunnicliffe, University 
of Auckland, New Zealand; 
Mr Tomaz Rodic, Space-
SI, Slovenia; Dr Jure 
Lempe, Senes, Slovenia; 
Mr K Sri Harsha, Kritsnam 
Technologies, IIT Kanpur; 
Mr Vijay Pandey, Uniphos 
Envirotronic Limited, 
Valsad; Mr Atindra Chandel, 
Sensgrow Inc, Mountain 
View; Mr Kanwaldeep Singh 
Kahlon, GeoKno India Pvt Ltd; 
Mr Chakresh Jain, Capricot 
Technol. Pvt. Ltd Slaughter, 
Ligar Polymer, NZ
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How to bring 
critical security 

issues 
when data is 

generated – should 
Government be 

responsible 
for generating 

and owning 
the data?

KEy ChALLENGES fACED WITh ThE INuNDATIoN of TEChNoLoGIES 
AND SENSoR PRoLIfERATIoN

The range of 
data generation 
techniques and 
methodologies 

require a 
comprehensive 

and consolidated 
approach – what is 

that approach?

The current client 
stakeholders are 

ill-equipped to 
understand the 
advancement of 

technologies. How 
to develop capacity 
in the system so that 

the different data 
sources are well 

understood and put 
to good use?

How reliable is 
the data being 

generated 
through the 

remote sensing 
techniques?

important for improving the quality of 
the aquatic environment. Monitoring 
the spatial and temporal variation in 
physical river parameters is important 
for understanding and improving habitat 
quality and distribution. Surveying 
of water bodies by remote sensing 
is challenging due to presence of 
vegetation and ray propagation 
through both air and water. Airborne 
LiDAR Bathymetry (ALB) allows fluvial 
topography to be mapped in high 
resolution of greater than 20 points/m2 
and height accuracy of <10 cm for both 
the aquatic and the riparian area. A 
green laser is used for the water body, 
while an infrared laser is used for the 
detection of the water surface, the land 
surface, and the vegetation above it.

C. Continuous sensor data for monitoring 
river water quality and flow
Regardless of the nature of application, 
one would need online monitoring 
that provides real time data to all 
stakeholders, allowing them to arrest 
potential issues before they grow into 
larger environmental problems. These 
continuous monitoring techniques can be 
used for monitoring: a) Nutrients, b) Water 
Quality, c) Eutrophication, d) Turbidity and 
Sediment, e) Flow Measurements, f) Flood 
monitoring and warning.
 The above can be measured through: 
a) Stream Gauges, b) Velocity, c) Sensors 

Data collection or river monitoring 
can be categorized into following two 
applications:
a) For River Study - Data is acquired 

for a specific study of the river via 
sampling and surveying.

b) For Monitoring Impact - Data is 
acquired on a continuous basis to 
monitor improvements or degradation 
in river health - water quality and flow.

The following data can be collected in 
Ganga River Basin using sensors, 
satellites, LiDARs and drones:

A. Imagery Data for monitoring river 
habitat and hydro morphology
Drones and digital photogrammetric 
techniques now provide an alternative 
approach for monitoring river habitat and 
hydro morphology. Drones are used for 
high resolution image acquisition.

Image processing can then be used 
for monitoring and mapping physical 
habitat of the river.

Drones can be used for a) Water 
level and flow, b) Narrow-band spectral 
reflectance for habitat mapping, c) 
Bathymetry, d) Thermal maps, d) 
Developing digital surface models of the 
river, etc.

b. LiDAR and satellite data for 
monitoring river morphodynamics
River morphodynamics study is 

ENVIRoNMENT 
DATA 
one of the important 
aspects of 
environment data 
is that it is mostly 
sensor generated. 
This brings in some 
challenges and lot of 
opportunities. 
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for Water Quality parameters such 
as Temperature, pH, Dissolved Oxygen, 
BOD, COD, TSS, etc.

Today multi-parameter water quality 
sonde are available at affordable prices. 
Coupled with this IoT data loggers 
and external power connectivity allow 
data acquisition in real time. A typical 
monitoring system would consist of  
the following:
l Multi-Parameter Sonde
l IoT Data logger
l Power Supply - Solar and  

Battery Bank
l  Monitoring Software - IoT device 

management, Big Data Storage and 
Analytics

Site selection is very important for the 
quality and reliability of online data. 
The following are important considerations 
for online monitoring sites:
l Network signal strengths are good or 

excellent (better than -70 dBm 
for cellular )

l Straight section of the river to 
prevent flow variation related issues

l Installed away from manmade 
structures like bridges, gates etc.

l Accessible for periodic calibration 
and maintenance

l Locations safe from vandalism and 
pilferage e.g. installed in sections 
of river passing through private or 
government estates

l Use a vertical stilling well  
whenever possible

It is important to maintain 
data quality for online monitoring 
system through:
l Regular maintenance like cleaning 

sensors
l Periodic calibration
l Periodic verification through portable 

equipment or lab testing
l Software based data validation

SESSIoN
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Data Generation through Sensor 
Networks, Remote Sensing through 
Satellites, Drones and LIDAR

D. human generated data by community 
via mobile app
Most communities that reside near 
rivers are emotionally, economically or 
spiritually attached to the river. River 
Ganga holds a special bond with most 
Indian. Today more than 300 million people 
have smart phones in India. Mobile app 
that helps engage the masses can be 
used to generate data on river status 
and/or abuse like: Gauge and Discharge, 
Illegal mining, Pollution incidents, 
Garbage disposals, etc.

While monitoring and analysis of data 
can help understand the current state of 
the river health or create policies for its 
improvement; community engagement 
can create an insurance against its 
deterioration.

Accurate, timely and geo tagged 
data captured using above techniques 
can be used for active monitoring and 
creating right programmes to preserve 
and restore the lost glory of Ganga.

C1.2. DISCuSSIoNS
There is a need to have an evidence-
based river basin management system. 
For this measurement and management  
of data is required. Initially, identification 
of issues in river basin management  
has to be made. Some of them are 
identified as follows:
a. Develop new protocol and scale them
b. Integrate with Ganga basin 

measurements and the organisation 
who own and manage the census 

c. How to deliver for end use and 
connect to the people
To start with, a collection of various 

types of data with requisite resolution 
should be made. Dataset should very 
well be shared among the partners 
(e.g. New Zealand has a national 
archive where it has a server which 
provides all river lines and associated 
facilities). There should also be a set of 
standards and guidelines for people to 
follow. Secondly, huge amount of data 

GENERATING 
DATA 
Accurate, timely 
and geo-tagged 
data captured using 
latest techniques 
can be used for 
active monitoring 
and creating right 
programmes to 
preserve and restore 
the lost glory of Ganga.
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Data Generation through Sensor 
Networks, Remote Sensing through 
Satellites, Drones and LIDAR

is available but we need to extract the 
required data for different issues, for this 
specialized training is required for image 
processing. Thirdly, India lacks a geoid 
i.e. if we want to calculate the water flow 
correctly, a geoid is needed. Base data 
should be made available and connected 
to each other with regular monitoring 
system for temporal study. DEM (Digital 
Elevation Model) and IOT (Internet of 
Things) can indicate how much water 
can come (Real time flood monitoring). 
Fourthly, LIDAR surveys are expensive, 
but the return is exponential. If LIDAR 
surveys could be done on Ganga, then 
benefits will be manifold e.g. assessing 
hydrological aspects of the basin and 
sub-basins. Finally, we need to have a 
DPR (Detailed Project Report) on 
planned data and have an IOT system 
designed over that.

Problems to apply IOT with continuous 
data collection are sensor selection and 
network selection. Network selection 
depends on sensor density. GPRS is good 
enough for low density. Surface data 
can be collected using public network. 
But for subsurface data collection, we 
need to have LoRa (Long Range WAN) 
technology. Data security and integrity is 
very important. 

C1.3. RECoMMENDATIoNS
Most data are diversely collected by 
various people of different background. 
Therefore, no standardisation of 
collected data. Hence, standardisation 
of data should be done.This could be 
done by replacing humans by machines 
(sensors). Humans can only transfer 
the data.Ideal framework would be a 
combination of GIS, satellite, crowd 
sourcing (portable data) and LIDAR data.
Environmental monitoring is challenging, 

for example, river Ganga, the matrix is 
always changing and many ETPs, STPs 
are being constructed in the Ganga 
basin. Hence a technology should 
advance further such that the same can 
be applied to any matrix. 

Parameters such as conductivity, 
dissolved oxygen can be continuously 
monitored. But COD, BOD and 
nitrate are designed for offline 
measurement. Although UV/VIS is a 
strong contender when water quality 
is not complex.

There has to be a tight timeline for data to 
be transferred to the projects. For this few 
other points could be considered:
a. Provide unique interface and high 

internet speed to make things simple
b. Mobile app to be developed  

to get various parameters such  
as water level 

c. Crowd sourcing can be done for  
data collection

d. Understand what stakeholders want 
and trace back the technology

e. Practices to integrate the 
technologies

f. Hybrid approach can be adopted 
(high quality and low quality stations 
for better output). Many sensors do 
not require high accuracy e.g. Water 
level. Hence hybrid approach would 
be beneficial

g. Accuracy required/achieved should 
be specified

h. End use requirement must be 
clearly defined

hoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group TIES1.

TAKE AWAy 
POINTS

Check whether the data 
is becoming internet smarter. 
Discrete data should be 
connected to devices

Ability to access the data

Data variation needs to be 
addressed

Global traceable standards 
to be adopted

Accuracy of the data to 
be assessed and improved

hybrid approach i.e. high 
and low quality data 

End use requirement has 
to be specified

Accreditation of business 
to be done

Statistical models have to 
be developed. Measurement 
of uncertainty is very 
important for the decision 
makers to understand

for data generation of river 
habitat, morphology, water 
level, DEM, mapping, we 
need to use continuous data

DATA STANDARDISATIoN  
The ideal framework for data collection would be a combination of GIS, 
satellite, crowd sourcing (portable data) and LIDAR data. 
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Data Modelling, 
Information and Analytics

C2.1. PRobING ThouGhTS 
Once data is generated it needs to 
be processed through models which 
are eventually stitched together using 
systems-dynamics approach to deliver 
the detailed analysis that various 
stakeholders need. The myriad of 
stakeholders within India, particularly 
in the Ganga River Basin requires 
a unique approach to provision of 

analysis to the Government.
The most important question is what 

can be achieved with the data that has 
been generated. The same philosophy 
applies to the data that will be generated 
for the Ganga River Basin that was 
discussed as a part of Session C1 – “Data 
Generation through Sensor Networks, 
Remote Sensing through Satellites, 
Drones and LIDAR”.

DAy 3:
Wednesday; December 6, 2017; 
10:00 - 11:15 h & 11:45 - 13:00 h

VENuE: 
Committee Room C– Vigyan 
Bhawan Annex, New Delhi

MoDERAToR:
Dr Craig Hutton, University of 
Southampton, UK & Mr Mayank 
Chauhan, LogicLadder 

PANELIST:
Dr Alan Jenkins, Centre for 
Ecology & Hydrology (CEH), UK; 
Mr Michael Groves, Topolytics, 
UK; Dr Naresh Singhal, 
University of Auckland, NZ;  
Ms Almitra H Patel, National 
Expert, Swachh Bharat Mission, 
GOI; Dr Sakthivel Beemaraja, 
Geokno India Pvt Ltd., Delhi;  
Mr Prasun Bansal, Bansal Group
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ThE END 
GoAL IS To uSE 
ThE DATA foR 

ThE foLLoWING 
PuRPoSES

Water 
quantity 
profiling 

across the 
various 

times of the 
year.

Pollution 
related data 

for regulatory 
authorities 

to aid 
enforcement.

Data related 
to the quality 

of effluent 
being 

discharged 
into the 

rivers from 
various 

drains and 
nallahs.

Municipal 
Corporations 

for water 
quality 

data for 
the general 
public use 

like bathing 
and planning 

events like 
Kumbh Mela 

and enforcing 
compliance.

Using this 
data to plan 

various 
corrective and 

pre-emptive 
measures 
for water 

quality 
management.

Farmers 
for 

irrigation 
area.

Catchment 
area land 

use

1 2 3 4 5 6 7

Catchment models can be 
developed using the data to support 
water quality improvement plans – 
they quantify the sources of nutrients 
flowing into rivers based on land use in 
the catchment, and are used to predict 
the impact of management practices on 
nutrient loads.

Remedial Actions: The corrective 
actions that are planned by NMCG like 
appropriate places to put STPs/ETPs to 
handle untreated discharges into the 
river or oxygenation plants to address 
low dissolved oxygen levels that impact 
aquatic life. Soil data can be used for soil 
amendment to treat high nutrient levels in 
subsoil drainage.

Public use of Ghats: Citizen and 
population residing in the vast basin 
have impact on their daily life based 
on the quality of water. Water quality 
data can be used to maintain a public 
information system that can advise the 
public on the water quality for bathing and 
this can be used to restrict or regulate 
public activities for better water quality 
management.

Land use planning and development: 
Effective land use and planning can be 
done based on the data that is available 
for the catchment areas. There are many 
other ways in which the data generated 

As there will be immense amount 
of data that is generated, through the 
application of various technologies that 
were discussed in Session C1, converting 
this data to useful insights and actionable 
information is of utmost importance to 
achieve the end objective.

This data can be used to develop a 
range of indicators to assess the health 
of Ganga River Basin such as water 
quality, sediment quality, sea grass, 
macro algae and phytoplankton, and 
catchment pressures such as river flows, 
land use, etc.

Integrated assessments of main river 
flow and its tributaries health provide an 
understanding of current condition as 
well as inform on the likely responses to 
climate change or future development. 
Data from sensor networks can be used.

flow Monitoring Network: Models to 
assess water quality and waterway 
health can help to understand the 
current condition of the basin and the 
effectiveness of the action being taken 
and planned by NMCG.

Improve Water Quality: The water 
quality data is extremely important so 
that water quality improvement plans 
can be developed to improve current 
water quality in the main river, tributaries 
and streams in their catchments and to 
prevent any additional deterioration.

DATA  
ANALyTICS 
The data can be  
used to develop a 
range of indicators 
to assess the health 
of Ganga River 
basin such as water 
quality, sediment 
quality, sea grass, 
macro algae and 
phytoplankton, and 
catchment pressures 
such as river flows 
and land use.
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Data Modelling, 
Information 
and Analytics

can be modelled and analysed for 
improvement and better management of 
the Ganga River Basin.

Ganga is an extensive aquatic 
system and its management is a 
shared responsibility across many 
stakeholders. There should be seamless 
flow and analysis of data across these 
stakeholders. It requires cooperative 
relationships between land owners,  
land managers, catchment groups,  
state government agencies, and  
local governments.

A single specialised agency for 
Ganga River Basin management will help 
to cut the response time and make it 
more effective.

C2.2. KEy QuESTIoNS To bE ANSWERED
1. What are the global best practices 

around the data analytics particularly 
when there are multiple data sets 
available for the same eco-system?  
Examples include the systems 
dynamics approach.

2. Can a single big-data platform serve 
the needs of all stakeholders? For 
example provide multiple dashboards 
or will such an approach be too 
unwieldy?

3. Who owns the data?
4. Do we need to develop an approach 

around an open source system or 
given the critical use of this data, 
keep it closed and secure from 
potential hacks and/or contamination.

C2.3. DISCuSSIoNS
For data modeling few issues that were 

addressed are:
a. Analysis of data to help NMCG
b. Modeling related to Ganga river basin 

management
c. Identification of stakeholders and 

their requirements, engage them in 
arranging and grouping of data. Make 
data available to people

d. Authorised data collection
e. Perspectives of problems faced by 

Ganga river: flood risk, pollution level
f. Datasets: specific standards  

don’t exist. With standards, data  
is valuable

g. Authenticity and availability of 
data(system dynamic approach);  
real time transfer in STPs  
monitoring sensors

h. Validity and cross referencing  
of the models

C2.4. RECoMMENDATIoNS
Data also needs to be cross-referenced 
in different datasets. It must be open on 
policy level as well as to public. Science 
is the means of communication to the 
society by bridging the gap between 
quantitative and qualitative part of data.  
A public information system is needed. 
The problem is the community itself. 
People are not able to maintain the 
mandate. The information made available 
should be actionable and at appropriate 
time otherwise major disputes among 
states could arise. 

Availability of data is questionable. 
Even river discharge and rainfall data 
are not available. Scientific background 
of data acquiring is not good e.g. waste 
management- reports give different 
results. A public information system is 
needed. Data has to be shared without 
any sense of fear or blame.

hoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group TIES2.

TAKE AWAy 
POINTS

one nodal 
management system 
has to be developed 
to guide the 
stakeholders and a 
special task force to 
be enforced for data 
management

Exchange of 
data has to be done 
at policy level

Standardisation of 
metadata

Invitation to people 
to join the working 
group for data 
management

There should be 
seamless flow and 
analysis of data 
across various 
stakeholders.
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Developing a
Skilled Workforce in 
the Water Sector

C3.1. PRobING ThouGhTS 
The urban population in India is growing 
rapidly. The urban population is going 
to be over 50% from the current of 32%. 
Annual per capita water availability is 
expected to decline to 1,140 cubic meters 
by 2050, from 1,545 cubic meters in 2011. 
With a growing economy and changing 
lifestyles the pressure on already strained 
water resources is increasing. Most cities 
in India are water stressed, with no city 
having 24/7 water supply. The coverage 
of sanitation has increased but resource 
sustainability and slippages are very 
common in that coverage. Moreover, in 
cities with more than one million people, 
the official water supply after 35% loss 
in leakages is just 125 litres/day per 
capita which is considerably lower than 
the demand of 210 litres/day per capita. 
An estimated 160 million latrines and 
septic tanks contribute to 80% of the 
pollution of the national surface waters. 
Reform is needed which reduces non-
revenue water, groundwater exploitation, 
considers waste as a resource, and looks 
at the water cycle in a holistic way.

Urban water security through a 
holistic approach implies managing 
water resources and its waste in a 
new integrated way, with a focus on 
considering the whole urban water cycle 
as one system within the watershed, 
aiming for water security through diversity 
and optimum use of all potential sources 

of water. This is further to manage the 
better utilisation of natural systems 
for water and wastewater treatment, 
considering storm water/rainwater 
catchment systems as a potential source 
and strengthening leakage management 
and maintenance, strengthening 
resilience of urban water systems. Grey 
water can be reused for irrigation, urban 
agriculture and industrial processes, 
treated or untreated depending on the 
purpose of its use and its legislation; 
nutrients in wastewater (grey and black) 
can be used for energy production and 
fertilizer production. Wastewater disposal 
and treatment is a very major problem 
in most Indian cities. Non-collection of 
wastewater and discharge of untreated 
wastewater into low-lying areas or 
various water bodies causes severe 
water and land pollution problems. 
Proximity to water body, local conditions 
and financial constraints determine 
the place and method of wastewater 
disposal. Recycling/reuse of wastewater 
is practiced in very few urban centres 
and wherever it is done, it is mostly used 
for agriculture or horticultural purposes. 
Recycling/reusing wastewater will reduce 
the demand for fresh water, thereby 
also postponing the capital investment 
requirements for water augmentation. 
Surface water and groundwater are the 
sources of India’s water supply. 

In order to overcome the challenges 

DAy 3:
Wednesday; December 6, 
2017; 14:00 - 15:15 h &  
15:45 - 17:00 h

VENuE: 
Committee Room C– Vigyan 
Bhawan Annex, New Delhi

MoDERAToR:
Mr Sundeep Chauhan, cGanga

PANELIST:
Dr Anirban Gupta, IIEST,  
West Bengal; Ms Anita Roy, 
Luri Water Systmens, GmbH; 
Mr Paritosh Gupta,  IL&FS-
Water; Dr Praveen Saxena, 
MNRE; Mr Iztok Lesjak, 
Technology Park, Ljubljana, 
Slovenia; Mr Prashant Singh, 
Capricot Technology;  
Dr Sejal Worah, WWF-India
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and repair water extraction, 
treatment, delivery, storage and 
distribution facilities; 

3. Install pipelines, assemble and 
dismantle the facilities; 

4. Examine customer facilities; 
5. Carry out, to a limited extent, 

switching operations and repairs to 
the electrical facilities in waterworks; 

6. Take samples of drinking water for 
self-monitoring, and determine and 
evaluate quality parameters to a 
limited degree; 

7. Document and evaluate work 
procedure and operational 
processes; 

8. Recognise fault and react 
independently; 

9. Work in a cost effective, 

faced by India, it is essential to develop 
adequate skill manpower to match with 
the huge investment made by Government 
in creating facilities in the water and 
wastewater sectors. It is proposed to 
allocate at least 5-7% of capex into 
creating, developing and training skill 
manpower for operation and management 
of such facilities.

The onus is on companies, ULBs and 
industrial plant units. NSDC is playing an 
important role.

Water Supply Engineering  
Technicians Skills Training Areas  
based on responsibilities
1. Manage and control technical 

processes;
2. Operate, monitor, inspect, maintain 

huMAN RESouRCES 
In order to overcome challenges faced by India, it is essential to develop adequate 

skilled manpower to match with the huge investment made by the government in 
creating facilities in the water and wastewater sectors. 
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environmental and hygiene-
conscious manner; 

10. Apply relevant legal provisions, 
technical regulations and work safety 
regulations and observe quality 
management guidelines; 

11. Act in a customer-oriented manner 
and make use of information and 
communication technologies

Water Supply Engineering Technicians 
Skills Training Areas:
Drinking water processing facilities:
1. Management (waterworks plant 

manager, frequently academically 
educated or, with small waterworks, 
qualified as Water Technician); 

2. Analysis and operation supervision 
(examination of water quality  
and sludge); 

3. Process control (control room); 
4. Operation and maintenance of 

facilities (machines, plant and filter 
technology);

5. Disinfection; 
6. Management of protective zones; 
7. Data management and 

documentation; 
8. Safety management; 
9. Quality management

Drinking water distribution networks:
1. Management (plant manager, 

frequently academically educated or, 
with small waterworks, qualified as 
Water Technician); 

2. Work planning (e.g. resource 
planning, logistics);

3. Water storage;
4. Operation and maintenance of water 

distribution networks;
5. Leak location and repair; 
6. Illegal tapping; 
7. Water meter management;

8. Domestic connection management;
9. Operation and maintenance of 

pumping facilities;
10. Mobile water distribution (e.g. tanker 

vehicles); 
11. Data management (GIS); 
12. Safety management; 
13. Quality and hygiene management

C3.2. DISCuSSIoNS
What is the journey of learning and  
skills in water and wastewater  
treatment sector? 
a. Pretty tardy and woefully lacking  

in skills
b. Low wages makes it unattractive
c. Wastewater is considered hazardous 
d. Unwillingness of people to work in 

the plants

What impact will automation have on 
this sector? It would be welcomed with 
SCADA control and remote sensor 
enabled management as would control 
the platform of central control panels and 
would avoid odor/smells and infections. 
This will raise plenty of possible scenarios 
for employment growth and more 
automated plants with high technology 
come to fore. Both centralised and 
decentralised plants would be able to 
provide employment to thousands of 
people in all categories, viz-engineering, 
maintenance, etc. In addition, following 
key points were also discussed to 
promote better skill force development:
a. Skilling should be the duty of 

government, private sector, civil 
society and Academia

b. 5-7% CAPEX goes into creating, 
developing and training personnel  
in the O & M budget

c. Developing a one-year PG 
programme in water and sanitation

SESSIoN
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Developing a
Skilled Workforce in 
the Water Sector

Job  
oPPoRTuNITIES
both centralised and 
decentralised plants 
would be able to 
provide employment 
to thousands of people 
in different categories 
such as engineering, 
maintenance.
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d. Many Standards defined in CPHEEO 
Manual and CPCB guidelines need to 
be revisited and perhaps amended

e. The loans for projects to ULBs should 
have a proper O & M manual and 
there should be tests post training 
for proper understanding. Jugaad 
management should be strictly 
discouraged.

f. Identifying the gaps – Ecosystem 
management should guide solutions. 

SESSIoN
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Skilled Workforce in 
the Water Sector

Skills exist in Silos and sectorization 
is a challenge. WWF has many 
training programmes. 

g. Water has health and agriculture 
productivity connection. Bring 
them on a common platform when 
developing learning modules.

h. In Slovenia, Training manuals are 
skillfully written, skills taught, 
examined and certification given 
before manpower is employed/ 

the water sector backward. There is not 
a single organisation like National Skill 
Development Corporation. Although, most 
of the technological revolutions can very 
well be applied in water sector. Few other 
options to promote skilled workforce are:
a. A comprehensive PG interdisciplinary 

course, may be of 1 year, should 
be compulsory to all water sector 
employees. Importance of water 
security should be included into  
the curriculum

b. Look water sector as sector of 
employability and well paying. It could 
be done in combination of public and 
private sectors

c. It has to be observed in a similar 
fashion as IT sector

d. CoE (Centre of Excellence) of Ganga 
should be established for knowledge 
sharing between private, government 
and NGO employees

e. Skill development programmes  
(similar to plumber, welder) should be 
available for plant operators,  
river gauging staff. People could  
be employed either for lifetime  
or contract 

f. Water sector should be challenging 
and well paying

Everyone in water sector cheats, don’t 
follow standard practices. The reason 
for lethargy is lack of incentives for good 
performance. If the spirit is created within 
job, low level employees will be proud of 
it, and wrongdoers should be punished 
accordingly. 

hoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group TIES3.

deployed. Every aspect of water and 
wastewater skills is addressed as per 
EU standards. That includes industrial 
CETPs. Slovenia would be happy to 
share and do pilots with cGanga

i. cGanga could develop water plant 
operators course under Centre for 
Excellence at NMCG and IIT Kanpur

j. CWC, MoUD, CPCB, MoWR should 
agree to rewrite manuals under 
one body and work with cGanga to 
standardise knowledge, develop 
curricula, provide expertise 
and upgrade technology and 
multidisciplinary knowledge.  
Be a real Think Tank.

k. High technology, online sensors, 
satellites, drones etc. should be 
understood and used. This may 
require massive up-skilling in future.  
IS India FUTURE ready? 

l. Companies in water sector should 
have apprenticeship programmes. 
cGanga could help.

m. Cultural aspects of River basins 
should be understood. Cremation, 
rituals on ghats may be revisited. 
How can India leapfrog and yet 
keep the traditions alive? Traditional 
knowledge and wisdom should be 
saved and practiced.

n. cGanga should encourage more 
accreditation agencies under ETV  
and should bring latest learning  
to this sector

C3.3. RECoMMENDATIoNS
People take water supply for granted 
as there is not any kind of water 
management system. The problem is not 
the lack of skills or expertise, but lack of 
co-ordination among same or different 
sector people. Also, there is a gap of unity 
rather than individual skills, which makes 

TAKE AWAy 
POINTS

Development of 
coordination among 
different expert 
group

Water sector has to 
be observed similar 
to IT sector, with 
higher employability, 
salary and 
knowledge 

CoE of Ganga should 
be established for 
knowledge sharing 
between private, 
government and NGo 
employees

Skill development 
programmes (similar 
to plumber, welder) 
should be available
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Inspiring Entrepreneurship 
in the Water Sector

C4.1. PRobING ThouGhTS 
If there is a need and people are 
prepared to pay to satisfy it and the 
consideration paid leaves enough on 
table for the person who came forward 
to organise it -There is a business. 
Person who takes the risk to organise 
is an Entrepreneur. 

Water is a Business. Water used to be 
free. In fact, it still is — at least in nations 
blessed with plentiful clean tap water like 
the U.S. — but that doesn’t stop the world 
from spending over $100 billion on bottled 
water a year. This strange industry is 
exploding world over.

The worldwide crisis of freshwater 
supplies is so great that it is now a 
commonly held belief that the wars of the 
21st Century will be fought over water. 
Water represents the last of the global 
commons to come under the control of 
market forces.

What is at Stake?
The global water industry is valued at 
about $400 billion annually. This includes 
everything from privately owned and/
or operated municipal and regional 
water systems, bottled water, dams 
and waterways, water desalination 
and purification systems to large-scale 
water exportation via super-tankers. The 
private water sector in the United States 
generates more than $80 billion a year 

in revenues. “Water stock fundamentals 
look good, and over time, the stocks 
should continue showing gains, if not 
outperforming the market,” says Schwab.

Sustaining Life versus Sustaining Profits 
Access to safe drinking water is now 
regarded as a basic human right, 
enshrined by the UN General Assembly 
and Human Rights Council, and yet 
783 million people – 11% of the world’s 
population – are still living without it.

There is a fundamental and inherent 
contradiction in privatising finite natural 
resources like water. Since the goal 
of corporations, it to maximise profits, 
commercial purveyors of water have no 
incentive to promote conservation, which 
is the most fiscally and environmentally 
prudent way to manage water. The idea 
is that we must now consider the social 
value of water and not simply surrender it 
to the highest bidder.

Without proper regulation and 
equitable distribution requirements in 
place, the privatisation of finite natural 
resources essential to life, such as water, 
will inevitably lead to a two-tiered society 
– those who can afford to purchase it 
in adequate quantities and those who 
cannot. Avoiding this outcome will require 
preservation of tax-supported municipal 
water systems that are accountable to 
citizen oversight, rather than relying on 
private corporations. 

DAy 4:
Thursday; December 7, 2017; 
10:00 – 11:30 h

VENuE: 
Room No. 408, New Lecture 
Hall Complex, IIT Delhi, 
New Delhi

MoDERAToR:
Mr Sundeep Chauhan, cGanga 
& Mr Sanmit Ahuja, cGanga

PANELIST:
Ms Hannah Simcoe-Reed, 
NVH Tech, UK; Ms Poul 
Jensen, EBTC, Denmark;  
Mr Prashant Singh, Capricot 
Technology; Mr Chakresh 
Jain, Capricot Technology

SESSIoN
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PROJECTED 
WATER 
SCARCITy 
IN 2025

Physical water scarcity
Economic water scaricty
Little or no water scarcity
Not Estimated Note:    indicates countries that will import more than 10% of their cereal consumption in 2025.

11%
Access to safe drinking water is now regarded as a basic human right, enshrined 

by the uN General Assembly and human Rights Council, and yet 783 million people 
– 11% of the world’s population – still do not have access to it.
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The free hand of the market allows 
for price discovery and investments 
in infrastructure. Its principles even 
underpin virtual water trading. 

The Entrepreneur’s choices
Water is scare and is getting scarcer. It 
is necessity and is basis of life. Providing 
much needed water is not just a business, 
it is sensitive business. In many cultures 
and religions, it is a part of the beliefs and 
practices. ‘Ganga Jal’ in India amongst 
multiple connotations is considered pure, 
wholesome and holy. Providing water is a 
sure business but denying water is a crisis. 

So how does one make it a business 
and what is that model which renders the 
business of selling the product without 
denial, a profitable and prudent business? 
These are the issues that an Entrepreneur 

must confront with and solve. 
The awareness of water as a 

‘Resource’ and that it has value have 
changed the scenario. There is also the 
move towards increasing privatisation, 
introduction of right price recovery 
by Governments, efforts at Innovative 
products and services in the sector and 
willingness on the part of population to 
accept value and pay for water. 

C4.2. IMPERATIVES foR SuCCESS
There are basics of this business that 
could be discussed: 
1. Offer what people want to buy, not 

just what you want to sell-Hear the 
Customer.

2. Get cash flowing ASAP-tendency is 
water is free so be sensitive to it.

3. Always find new ways to keep 

SESSIoN
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C4.3. DISCuSSIoNS
The true wealth of state consists in the 
number of its inhabitants, in their toil and 
industry. Water is critical to health, food, 
energy and overall wellbeing of flora and 
fauna. It is critical to healthy ecosystem 
and climate moderation. We work to 
become, not to acquire and thus water 
continue to be the centre of civilizational 
development and survival.

Water availability is steeply declining 
in India and is hovering around 135 
lcpd. Groundwater recharge is low and 
declining rainfall, heat and overdrawing 
has rendered vast areas critical. Salinity, 
arsenic, uranium rendered water in 
many areas not fit for human or crops. 
On the other hand, the water sector is 
highly unregulated, prone to high political 
and social risks. In such form it is not 

costs low- you can’t deny as it is a 
fundamental right

4. When planning, always overestimate 
expenses and underestimate 
revenues-High quality is basic and  
no price is the rule.

5. Focus on sales and marketing- 
Establish that it is a product.

6. Test and measure everything- water 
has the tendency to flow.

7. Accept that learning more equals 
earning more- catch the trend  
before others.

8. Don’t discount, add value- Water  
has no alternative/competitor.

9. Get a coach- Don’t reinvent the 
wheel, Industry and knowledge 
already exist.

10. Industry is ready to buy used water or 
primary treated water. Explore.

WATER 
SCARCITy 
Water availability 
is steeply declining 
in India and is 
hovering around 135 
lcpd. Groundwater 
recharge is low 
and declining 
rainfall, heat and 
overdrawing has 
rendered vast  
areas critical.
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amenable to market pricing across the 
globe. Regulatory risk is predictable in 
EU but not so in India. In Europe, water 
infrastructure is old and has little funding 
for R & D. It is regulated by sound policies 
guaranteed by the Parliament. Countries 
like Scotland, there is one authority. 

In India except for a National Water 
Policy 2012, which is a guideline, the water 
is a state subject. There is no central 
water regulator. With water becoming 
dangerously critical both in terms of 
availability and quality, the central authority 
may come to fore. All river basins become 
matters of National Water Security.  Water 
and environmental regulators should 
work in tandem. India has a thriving water 
industry, but is fragmented. India has 
several companies with good engineering 
and technological capabilities, however 
modest project management skills and 
woefully lacking in O & M. 

Technology use is conservative as 
most plants use ASP, power generation 

through methane and SBR technologies. 
Few places are also there where 
technology adaptation is slow. One way 
to enhance technology adaptation is via 
cGanga, where cGanga through ETV 
should verify technologies. Once done, 
entrepreneurs should latch  
on and capitalise.

Most PQ’s (Precision Questioning) 
for projects have conditions that 
new entrepreneurs cannot match. A 
mechanism to make PQs technology 
neutral is required. Also, many 
technologies have not been tried hence 
they do not qualify. Once ETV process is in 
place, such companies who successfully 
pass the scrutiny, would be able to 
qualify and bid. PSU’s may incubate 
some technologies and collaborate with 
technology suppliers.

ULB (Urban Local Bodies) owned 
STPs may become water factories. 
They could supply untreated sewage to 
industrial units. Primary treated water 

avenue for skills and certification. Many 
new companies would mushroom to 
cater to this new demand. cGanga could 
play a vital role in partnership with Indian 
government, private entities and foreign 
governments for learning development 
and dissemination. 

The support system should be 
a mentor company, who shall be 
reimbursed when reached bench mark. 
Also, the projects should be designed 
in self-sustaining manner. The overall 
system could be assessed in the form 
of small pilot projects. Also, most 
Government doesn’t know actual cost of 
delivering water. There is a need to define 
the cost of water and environmental, 
social and economic impacts of that cost.

C4.4. RECoMMENDATIoNS
Basic agenda nowadays in water sector 
is to sustain life and generate profit 
simultaneously. To reframe the Indian 
water sector to emerge as an IT sector, 

could be supplied to water intensive 
industries like paper, power plants, 
refineries, chemical plants etc.  Already 
Mahagenco and Chennai metro are 
buying and selling treated/ raw used 
water. Since not all cities have sewer 
connectivity, decentralised treatment 
facilities are required. There is scope  
for small 1-5 MLD plants across the 
country. Treated water could be recycled 
or used for irrigation.  

Digitisation, IOT is ushering in 
high technology for monitoring plant 
performance and pollution. Many 
companies in this space could bring in 
sensor based remote solutions. Drones 
and satellite geo tagging would be 
used as plant assets. Thus, Plants of 
the future would be high technology 
entities. Manpower would be highly 
trained but fewer in numbers. Better 
quality of employment would happen. 
Manpower intensity will be replaced 
by manpower quality. This opens a new 

CuRRENT SCENARIo IN INDIA 
IS fRAGMENTED WATER 

SECToR WITh SubSIDISED 
WATER SuPPLy ChAIN. 

IDENTIfyING AND LISTING 
ThE NEEDS AS

Guidelines- 
framework 
structure

a

b

c

d

e

f

g

h

i

j

Collaborations 
– start from 
government

Opportunities 
should be 
clearly put 
out

 Grand 
challenge 

portal

Entrepreneur 
should be 
given funds for 
first project

PSUs should 
incubate

Off take 
agreements

Water policy

Pricing 
regulations

Safety net

MANPoWER 
TRAINING 
cGanga could 
play a vital role in 
partnership with 
Indian government, 
private entities and 
foreign governments 
for learning 
development and 
dissemination.
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e. Data generation
f. Water mappings
g. For Well-defined process driven- big 

companies
h. For Output driven innovation SMEs

The flowchart should be identify 
problems- classify them in category- use 
transformation entrepreneurship- ask for 
solution. A major recommendation was 
to design a portal under cGanga which 
should include following:
a. Populate that with grand challenges 

faced by both Indian and foreign 
entities

b. Invite out of the box ideas and 
inventions, publish case studies 
and reports after before/ after ETV 
verification

c. Upload pilot studies modus operandi 
and results 

d. Follow developments on scaling up 
from Lab-Pilot- Commercial scale

e. Organise Annual Entrepreneurship 
meet under NMCG banner

f. Organise Meets in all Cities under 
Ganga Basin and invite CMs to the 
meets. Pick up projects for pilots and 
involve local leaders in projects

g. Create India Water Fund. Invite experts 
to debate in a one-day workshop. 
SREI, Banks, Multilaterals, Bilateral, 
state government finance leaders, etc. 
may be invited to debate a structure. 
This will help various areas for 
financing- VGF, Bridge Loans etc.

hoW To JoIN:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group TIES4.

entrepreneurship should be promoted. 
Following key points were identified for 
the same:
a. Need predictability and reliability
b. Well defined clear and simple policies, 

bidding process
c. Provide an environment to sustain 

entrepreneurship
d. Policy adherence
e. Constant policy
f. Assure degree of decrease in risks
g. Prevent rapid flux
h. Cut out risk factor

Risk could be economic, financial, social, 
environmental regulations or policy 
adherence. Other risk factors include:
a. Old infrastructure
b. Restrictions on increase of price but 

need to provide minimum fixed amount 
of water

c. Constant sell, merger and acquisition 
d. Unemployed to cut the price
e. To reduce cost, need R&D but no 

funds available

Few inferences from foreign countries 
have been listed:
a. Huge commitment to deliver safe 

water (UK)
b. Public ownership, offers certainty 

for supply chain to have clear policy 
base and investment cycle of 25 years 
(Scotland). Water Resources Act 2013, 
in Scotland is appraisable and could 
be implemented in India too.

List of areas as for entrepreneurs willing 
to work in Indian water sector are:
a. Decentralised system
b. Consultant type projects
c. SME can bring new technology in 

decentralised system
d. Packaged WW systems

TAKE AWAy 
POINTS

Indian water 
sector to emerge 
as an IT sector, 
entrepreneurship 
should be promoted

Entrepreneur should 
be given funds for 
first project

PSus should 
incubate

follow developments 
on scaling up 
from Lab-Pilot- 
Commercial scale

organise Annual 
Entrepreneurship 
meet under NMCG 
banner

organise Meets in all 
Cities under Ganga 
basin and invite CMs 
to the meets. Pick 
up projects for pilots 
and involve local 
leaders in projects

DEVELoPING A PoRTAL 
A major recommendation was to design a portal under cGanga with focus on grand 
challenges faced by both Indian and foreign entities and to invite out of the box 
ideas and inventions, publish case studies and reports.
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• Moving towards Evidence 
Based River Basin 
Management

• Efficacy of PPP and Hybrid 
PPP Models

• Wholesale and Retail 
Financing Instruments 
and Strategies for Capital 
Investment in Ganga  
River Basin

• Water Trading, Valuation, 
Pricing and an Effective 
Tariff Regime
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Moving towards 
Evidence Based River 
Basin Management

D1.1. PRoBInG THouGHTS 
The water and environment sectors are 
lagging behind their peers in the energy, 
urban development and transportation 
industry when it comes to using evidence 
as a basis of policy making. The main 
driver behind such an approach is lack of 
comprehensive and critical data sets. This 
issue is even more stark in the context 
of Ganga River Basin where the existing 
data sets are all too fragmented, mostly 
analog and those that don’t go too far 
back in time so that we can understand 
how the river system has changed with 
the increase in anthropogenic activities 
over the last few decades.

It is never too late to start moving 
towards a river basin management 
approach that is evidence based 
and integrated. The wide proliferation 
of sensor networks and huge cost 
reductions in remote sensing, 
advancement in data storage and 
analytics, and the great leap in systems 
dynamics and decision support systems 
now make the shift towards an evidence 
based policy making not only possible 
but as the only way to do so.

D1.2. KEy QuESTIonS To BE AnSWERED
1. Need for developing an urban river 

management plan (URMP) around 
how the river and urban water  
bodies interact.

2. The river flow data sets which is very 

critical to understand the state of the 
river systems.

3. How irrigation and agricultural  
sector is extracting surface and 
ground water?

4. What is the interaction between 
surface water and groundwater?

5. At what rates are aquifers depleting 
or getting recharged?

6. Soil condition scenarios. 
7. What is the state of water quality  

at different spots along the river,  
its tributaries?

8. What are the pollution discharge 
sources, who are the major polluters, 
what is the compliance situation with 
each of the major polluters?

9. Encroachment issues in the basin.
10. Embankments and how their state 

affects the rivers.
11. Flooding and silting issues.
12. Sand-mining and issues with  

related activities.
13. Biodiversity data sets.
14. Religious and spiritual activities, 

melas (events), ghats, crematoria.
15. Inter-linking of rivers and validation 

of data/information on the basis of 
which interventions are planned.

16. Land cover and land use.
17. Groundwater and surface  

water status.
18. System hydrology
19. Demography and population
20. River health

DAy 2: 
Tuesday; December 5, 2017; 
14:00 - 15:15 h & 15:45 - 17:00 h

VEnuE: 
Committee Room D – Vigyan 
Bhawan Annex, New Delhi

CHAIR: 
Dr Anil Mohile, Formerly with 
CWC, MoWR, RD&GR, GoI

MoDERAToR: 
Mr Sanmit Ahuja, cGanga

PAnELIST: 
Dr Kees Bons, Deltares,  
The Netherlands;  
Dr Andrew Allan, University of 
Dundee, UK; Mr Bob Penter, 
Waikato River Authority, NZ; 
Dr R N Sankhua,  
Basin Planning, CWC;  
Dr Satya Prya, World Bank;  
Dr A S Dhingra, MoWR, 
RD&GR; Dr A K Gosain, IIT 
Delhi; Mr Avinash Tyagi, ICID
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a. Ganga Flood Management system 
b. Extent of human and infrastructure risk 
c. Multiple approach method to  

improve efficacy
d. Modernisation of schemes

Evidence based programme will help 
in increasing the efficiency. Several 
historical decisions such as (i) decision 
to divert water from Ganga during British 
rule to irrigate areas with less rainfall, and 
(ii) extraction of groundwater for irrigation 
using tubewells/pumps as part of Green 
revolution resulting in decreasing 
groundwater level, are difficult, if not 
impossible to reverse through regulations 
without evidences. At the same time, 
there is a need to maintain hydrological 

21. Water bodies – algae cover  
and restricted drainage due to  
water hyacinth

22. Which bodies are shrinking and 
which ones are expanding

D1.3. DISCuSSIonS
There is a lot of data present but it is 
very confusing as many of these data are 
incorrect. The river restoration projects 
are required to be formulated on evidence 
based river basin management system. 
An institutional framework independent 
of government, like cGanga, is a good 
initiative for this. cGanga and existing 
institutes such as National Institute of 
Hydrology should consider undertaking 
studies to support the following.

EVIDEnCE-BASED APPRoACH 
The water and environment sectors are lagging behind their peers in the energy, urban development 

and transportation industry when it comes to using evidence as a basis of policy making.
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health of the river basin or its sub-basin. 
Reliable hydrological and groundwater 
models are needed. However, it is also 
important to take proactive measures  
for following.
a. Enhanced awareness of farmers 

regarding hydrology of rivers
b. Prior dialogues regarding possible 

conflicts on water.

D1.4. RECoMMEnDATIonS
Policies are necessarily to be made on 
the basis of evidence, though general 
perception also plays a significant role. 

More detailed studies with provision 
of collating high resolution data should 
be encouraged. Much of the modeling 
potential has been exploited with data 
sets made available. For a quantum 
jump in this exercise it is mandatory to 
move towards investments in collation 
of high resolution and creditable data. 
Such investments would save excessive 
expenditure on field interventions as well 
as reduce public outrage due to creation 
of non-performing assets. Another 
major key factor towards this approach 
is transparency. If all stakeholders 

SESSIon
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are involved and data/information is 
made available in public domain, then 
data transparency and accuracy will 
automatically be regulated. 

At the same time it must be clearly 
understood that not all data can be made 
public. For that a legal framework and 
enforcement mechanisms should be 
developed which could give information 
on meta-data belonging to a stakeholder. 
For this, following few important points 
need to be considered.
a. Policy should be coherent as every 

stakeholder seeks his own benefit

b. Due diligence is done on information/
data provided by different sources

c. Review and validation process of 
data/information collected/provided 
is in place

d. Evidence based planning will need a 
decent monitoring network

HoW To JoIn:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group PLG1.

TAKE AWAy 
PoINTS

Evidence based 
planning will need 
a decent investment 
and monitoring 
network

Multidisciplinary 
nature of issues need 
to be identified

Coordination in 
managing information 
by an independent, 
creditable and 
transparent 
institutional 
framework is 
necessary. 
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Efficacy of 
PPP and Hybrid 
PPP Models

D2.1. PRoBInG THouGHTS 
Public Private Partnerships (PPP) have 
been slow to take off in the water sector 
despite several attempts. The initial 
attempts in early to mid 1990s tried 
replicating models from other parts of 
world without sufficiently incorporating 
the local context. However, over the last 
decade several home-grown models  
have emerged on both water supply  
and wastewater treatment which hold  
 a lot of promise. 

one such innovation has been 
the Hybrid Annuity Model (HAM) for 
wastewater treatment. Adapted from the 
highways sector, the HAM has achieved 
a balanced allocation of risks wherein 
the construction and performance risk 
along with responsibility for financing 
is borne by the private sector while the 
government takes responsibility for 
making annuity payments to cover the 
capital and recurring costs over the 
concession period. In a sector where user 
revenues do not yet cover the o&M costs, 
the HAM can crowd-in private sector 
financing the expertise. The response 
to the first two HAM contracts bid out 
by NMCG in Haridwar and Varanasi 
has been very positive with more than 
half-dozen private players, domestic and 
international, participating in the bids. 
Both contracts have been awarded at 
lower than estimated costs and one of the 
contracts has already achieved financial 

closer within record time. The HAM is 
proposed to be scaled up across other 
towns like Allahabad, Patna and Kolkata.

Assessments undertaken by CPCB 
show that approximately 63% of the STPs 
in India are operational (CPCB 2015). Even 
those that are working operate at below 
the treatment capacity and often fail to 
meet the effluent discharge standards. 
Going forward the Namami Gange 
programme envisages bundling brown 
field STPs and non-operational STPs 
into HAM contracts. on the one hand 
this will ensure that a private operator 
has comprehensive responsibility for 
wastewater treatment in a city, the 
contracts need to appropriately deal 
with the asymmetry of information while 
managing brown field assets. 

D2.3. DISCuSSIonS
There has been immense technological 
development in the wastewater 
treatment globally. Much emphasis now 
is on resource recovery, particularly on 
the energy side to make the projects 
economically viable. Whilst there is still a 
question mark on the level of resources 
recovered from the wastewater streams, 
particularly if they will be significant 
enough, but there definitely will be 
enough of an economic contribution 
possible to make the prospects 
worthwhile. The most significant resource 
that can be recovered is energy trapped 
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Bodies to create projects and attract 
investment into it.
The lack of availability of electricity for 

critical utility infrastructure in many of the 
cities and towns in India is crippling for 
the plant operators. The Government must 
provide reliable and continuous electricity 
supply to these assets or incentivise plant 
owners and operators to recover as much 
energy from the system as possible so 
that the reliance on grid infrastructure 

in the form of gases generated by the 
wastewater stream. 

The Indian market is not seeing  
too many PPP projects coming through 
the pipeline in the urban water and 
wastewater sector. The reasons, 
although many, can be categorised in  
two broad segments:
a. Availability of enabling infrastructure 

such as land, energy and network.
b. Preparedness of the Urban Local 

D2.2. KEy  
QuESTIonS To BE 

AnSWERED
As the HAM is scaled-up, 

several important 
issues need to be  

addressed 

How to minimise the 
impact on central 

government finances 
while scaling-up the 

HAM?

How to ease the 
flow of commercial 

finance to the future 
HAM in the Ganga 

and beyond?

How to mobilise 
additional revenue 

sources for wastewater 
treatment and 

disposal? And what 
policy changes may 

be required in this 
direction?

Integration of rehabilitation 
and management of 
brown field assets – how 
to mitigate the risk of 
insufficient information 
about the asset quality?

How to scale-up 
HAM model beyond 
the Ganga with 
involvement of state 
governments and 
ULBs?

Does the model have 
potential for adapting to 
improve coverage and 
service quality for water 
supply and if so then 
what modifications may 
be required?

1

2

3

4

5
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is reduced. This can only be done if the 
energy generation potential within the 
wastewater treatment plants is seen as a 
systemic resource.

Urban set up will mostly be a cost-
centre. The gap between the capital need 
and the availability of capital is so huge 
that Government has to resort to PPP 
and variants of PPPs such as the Hybrid 
Annuity Model (HAM) to attract private 
sector capital. This form of capital will 
always be more expensive, particularly 
in the early days, and all stakeholders 
must resign to this fact. Trying to force 
pricing down through artificial pressures 
shall only result in inferior contracts 
or inferior assets. But even if in the 
early days of market development, the 
cost of infrastructure is on the higher 
side, it is still acceptable as this is a 
sign of a genuine market. Convergence 
will definitely happen around the BoT 
contracts as HAM model is accelerated. 

D2.4. RECoMMEnDATIonS
The major issues of the public private 
partnership identified are:
a. Not enough successful PPP  

model in the urban water and 
wastewater sector

b. No special “financing or tax incentive” 
treatment given by the Government to 
water or wastewater sector

c. Capacity with Urban Local Bodies 
(ULB) is extremely limited

d. Initial financing of PPP/HAM projects 
will always be more expensive

e. A huge number of technological 
choices available making it difficult 
for ULB stakeholders to assess and 
select the right technology class

Therefore firstly, efforts must be put in 
place to deepen the market and attract 

more and more players into it. Some 
special incentives include:
a. Bring water and wastewater under 

priority lending sectors as prescribed 
by the Reserve Bank of India

b. Discounted electricity tariffs for 
the wastewater sector

c. Incentives for energy generation 
on site

Secondly, under National Mission 
for Clean Ganga (NMCG) basket of 
projects, 118 projects (Dec 2017), need 
to be put forth to the private sector 
for development. It has to be properly 
structured and/or segmented. It is 
important to segment these properly so 
that the market can develop strategic 
approaches around them. Some 
segmentations are:
a. Centralised v/s Decentralised 

infrastructure
b. Greenfield v/s Brownfield 

infrastructure
c. Segmentation based on capacity
d. Segmentation based on availability of 

crucial infrastructure such as land, 
electricity and grid

e. Performance parameters of 
greenfield and brownfield assets

Thirdly, the biggest issues that 
project sponsors (ULBs) face is the 
growing number of technology choices 
available for wastewater treatment. 
These range from biological to advanced 
chemical systems. The range of 
technologies also brings in an added 
dimension of capital cost. The biological 
systems are of much lower capital 
costs than the chemical systems. This 
confuses the decision makers as they 
don’t have the requisite knowhow to 
adequately assess the technologies. 

118  
PRoJECTS 
under national 
Mission for Clean 
Ganga basket of 
projects, 118 projects, 
need to be put forth 
to the private sector 
for development. It 
has to be properly 
structured and 
segmented. It is 
important to segment 
these properly  
so that the market 
can develop  
strategic approaches 
around them.
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This problem gets further 
exacerbated when bids are invited and 
the qualification criteria is quality of 
water at output and cost of treatment.  
If the parameters such as land footprint, 
which is much higher in the biological 
systems, and electricity consumption/
generation are not incorporated in 
the bid selection criteria, it will cause 
much confusion in the market. The 
Environment Technology Verification 
(ETV) framework shall greatly assist 

the stakeholders in assessing the right 
technologies. All projects must be tagged 
with the right technology classes before 
the bids are invited.

So far decentralised infrastructure 
asset class has not been considered for 
PPP structuring. This is one of the missed 
opportunities to make significant progress 
in creating wastewater treatment capacity 
in the Ganga River Basin. There is enough 
technological advancement in smaller 
treatment system category that warrants a 

TAKE AWAy 
PoINTS

A working group 
of Indian and 
international experts 
to brainstorm and 
provide guidance 
in developing PPP 
models is required

Develop special 
incentive 
mechanisms to 
attract high quality 
developments in 
the sector

Technology choices 
must be standardised 
and fixed for a 
particular location 
prior to bids being 
invited

Actively promote 
decentralised 
infrastructure asset 
class

Create a suite of 
standardised bid 
documents and 
model concession 
agreements

major policy push to attract bidders.  
The only challenge with such an asset 
class is small size of the projects. 

To overcome this particular problem, 
the cluster approach provides a great 
solution where concessionaires could 
be allocated an area within which they 
could install and operate a large number 
of small wastewater treatment systems. 
This would bring in operational and 
capital efficient segment with attractive 
investment class.

Finally it is important to standardise the 
procurement procedure, documentation 
such as concession agreements and other 
legal documentation to make the PPP 
framework more efficient.

HoW To JoIn:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group FI1.
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Wholesale and Retail
Financing Instruments and 
Strategies for Capital 
Investment in Ganga River Basin

D3.1. PRoBInG THouGHTS 
The need for addressing all the needs for 
river restoration and rejuvenation is in 
excess of USD 100bn. The current project 
financing pool available from banks 
and private sources is inadequate to 
finance this outlay. In order to accelerate 
project throughput, it is essential to 
make provision for wholesale financing 
facilities. The different instruments that 
will be discussed and recommended for 
development of the market include:
1. Establishing the Financing and 
Investment Value Chain
The four critical phases of the financing 
and investment value chain that need 
to be fully developed and operational 
at all times in order to accelerate the 
investment throughput are:
•	 Technology	transfer	and	

commercialisation finance
•	 Project	development	finance
•	 Construction	finance
•	 YieldCos

2. Project Development and 
Construction Finance – need for 
Development Finance and Real  
Risk Capital
As the wastewater treatment market 
begins to find its feet there is a strong 
need for development finance institutions 
to play a crucial role in investing in the 
early stage development cycle and 
construction finance. In the Indian 

scenario it is imperative that the financial 
closure is done as swiftly and efficiently 
as possible. Long drawn out development 
cycles are a drag on developer’s 
resources and not having clarity on 
project finance is also a major deterrent.

Should the development investor 
and construction finance lenders work 
in tandem with each other to make this 
cycle more efficient?

3. Creating Exit options and Long Term 
Investors
Development investors block a lot of 
funding into the project equity. It can be 
hugely beneficial for them and the market 
if there are ample exit options available. If 
the long term investors – such as pension 
funds and insurance funds demonstrate 
their willingness to invest in “income 
yielding” assets then it can give a huge 
boost to flow of risk capital in the market. 
Instruments include:
•	 Ganga/Blue	bonds
•	 Dedicated	YieldCos

4. Financing Decentralised 
Infrastructure
The pace of innovation in the 
sustainability sector has brought on the 
horizon a number of technologies that 
are apt for small-scale decentralised 
deployment. Development of 
decentralised systems can address the 
many water related needs of communities 
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5. other Instruments 
•	 Guarantees	
•	 Insurance	
•	 Buyers	credit
•	 Equipment	financing

D3.2. DISCuSSIonS
The Gross Budgetary Fund of Government 
of India has a total current allocation 
of INR 20,000 crores (INR 200 bn / circa 
USD 3bn). This may help in financing the 
capital expenditure part of the project, 
but will not cover the large operations 
and management expenditure related 
to assets. The urban local bodies (ULB) 
must under all circumstances develop 

and farmers particularly in areas 
where large centralised infrastructure 
projects are either untenable or 
financially unviable. However, with 
limited Government resources available 
and commercial capital finding these 
projects unable to meet their financing 
criteria makes it difficult for proponents of 
decentralised projects to raise finance.
•	 Decentralised	infrastructure	is	best	

suited for impact investors. What 
financing models and instruments  
are available?

•	 Pooled	infrastructure	financing
•	 Community	owned	infrastructure	

models

$ 100 BILLIon 
The need for addressing all the needs for river restoration and rejuvenation is in 

excess of uSD 100 billion. The current project financing pool available from banks 
and private sources is inadequate to finance this outlay.  In order to accelerate project 

throughput, it is essential to make provision for wholesale financing facilities.  
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their own revenue stream to cover the 
cost of water treatment. Poor credit rating 
of ULBs is a major challenge and affects 
the bankability of projects. Investment 
market also needs to be deepened and it 
is imperative that efforts should be made 
to increase availability of capital. The 
two most critical aspects for provision of 
financing to the market are:
a. Credit Rating and Quality of  

revenue streams
b. Enabling of the entire financing  

value chain from development to  
long-term capital
The poor credit rating of various ULBs 

particularly in the Ganga basin will prove 
to be a significant deterrent to investors 
and lenders when they assess the overall 
credit risk. Improving the credit rating of 
the ULBs, although is much needed for 
systemic improvement, is perhaps outside 
the scope of considering financing of 
water projects. A much more prudent 
alternative is to consider an intermediary 
Government agency that can provide 
crucial guarantee to the risk investors.  
To deepen the pool of investors and  
the availability of capital for investments 
into the project it is essential that  
the entire financing value chain is 
enabled. The financing value chain  
has 3 major categories:
a. Capital for preparation of quality 

detailed project reports
b. Availability of development and 

construction capital
c. Long term investors to hold the 

operating assets until end-of-life
If any of the three categories is 

missing or sparsely populated, then there 
is a direct impact on the availability of 
capital even for the rest of the categories.

National Mission for Clean Ganga 
(NMCG) is already playing both the roles 

of capital provider and guarantor for 
various PPP and Hybrid Annuity projects. 
The role of NMCG should be enhanced by 
not only strengthening its balance sheet 
but also provide it a high credit rating. 
This would send a very strong signal to 
the market that the Government is taking 
measures to improve the bankability of 
the projects and attract greater private 
sector capital to the water sector.

D3.3. RECoMMEnDATIonS
Inadequate number of poor quality 
detailed project reports (DPR) has a direct 
correlation on bankable projects which 
in turn keeps investors at bay. Increase 
in both the number as well as quality 
of DPR is must. Whilst the Government 
(both Central as well as the State) 
has to provide necessary investment 
to develop the project reports, other 
sources of financing such as Corporate 
Social Responsibility (CSR), bilateral and 
multi-lateral donor funding could also be 
a necessary tool to build the DPR bank. 
In addition, a typical concern of investors 
is around the quality of the project 
reports. It would be a very worthwhile 
exercise to invest in preparation of model 
project reports which could deliver the 
appropriate quality benchmark.

A number of domestic and global 
equity funds are keen to provide the 
risk capital to the sector but there is 
a shortage of debt-financing stalls in 
funding of many projects. The Indian 
banks require that water sector be 
specifically brought under Reserve Bank 
of India’s priority lending sector list.

on the capital market side, as 
companies start to develop and operate 
assets and assuming that the overall 
quality of the revenue streams improves, 
bond financing can become a critical 
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MAJoR 
CHALLEnGE 
Poor credit rating 
of uLBs is a major 
challenge and affects 
the bankability of 
projects. Investment 
market also needs 
to be deepened and 
it is imperative that 
efforts should be 
made to increase 
availability of capital.
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definitely attract yield-seeking investors. 
As an initial step, progressive global 
investors, particularly sovereign wealth 
and pension funds, should partner with 
NMCG to establish take-out financing 
vehicles which will give the necessary 
exit to development and construction 
investors to redeploy their investment 
returns into a newer pipeline.  

HoW To JoIn:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working groups FI2 – Credit 
rating of NMCG, FI3- wholesale and 
retail financing instruments, FI4 – Ganga 
technology acceleration fund.

success factor in making available a 
pool of capital. Masala Bond has already 
proven a significant source for top 
tier Indian institutions. NMCG should 
consider issuing Ganga-Blue bonds that 
will certainly inspire a whole group of 
prospective issuers and establish an 
international bond pricing benchmark for 
long term investors.

The final segment of long-term 
investors will want to see steady 
operations, timely payments so that the 
yield-Co market can be firmly established. 
The secondary buyouts will perhaps take 
a while to take-off such transactions 
that would require very deep and long 
established primary investment market. 
Greater bond-issuances will most 

TAKE AWAy 
PoINTS

A working group 
with Indian and 
international experts 
to brainstorm and 
provide guidance 
in establishing the 
financing value chain

nMCG to 
immediately initiate 
the process of credit 
rating and being an 
explicit off-taker/
guarantor

Earmark a portion 
of CSR and Clean 
Ganga fund for high 
quality DPRs

Aim to issue the 
Ganga-Blue bond 
in the next 12-24 
months

GAnGA-BLuE BonDS  
nMCG should consider issuing Ganga-Blue bonds that will certainly inspire 
a whole group of prospective issuers and establish an international bond 
pricing benchmark for long term investors.
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Water Trading, 
Valuation, Pricing and an 
Effective Tariff Regime

D4.1. PRoBInG THouGHTS 
Water Valuation
Water pricing is one of the most 
contentious issues in Governance of 
water in India’s towns and cities. The 
general belief is that water is a free(ly) 
available commodity and people are 
mostly averse to a significant increase 
in tariffs. Decades of highly subsidised 
water has created a false economy where 
most people do not understand its value.

As India moves towards addressing 
water security issues and is adopting 
PPP/Hybrid-PPP/PFI models to fund water 
utility assets, the need for a clear tariff 
regime becomes paramount. But any 
tariff regime is based on baseline value 
or true cost of water. The complexity 
in establishing the true cost lies in the 
fact that it depends upon a number of 
variables – availability of water resources, 
quality of water that is available and 
quality of water that is desired. 

In order to move towards a 
structured pricing/tariff framework, 
water must be valued as a commodity. 
And to do so it is important that the 
concept of “true cost/value” is firmly 
established. This is not to be confused 
with the market price of water. The 
matter of “who pays for it” will depend 
on other micro-economic conditions 
such as demographics and demand.

Creating efficient mechanism to 
provide water to various users through 

a transparent allocation framework can 
address many water resource challenges 
in India including – over-extraction, over-
pollution, water-hoarding or excessive 
and inequitable provision to one segment 
at the cost of other.

Water Rights
Development of a water rights and 
trading framework can bring about 
transparency and appreciation of water 
as a valuable resource. Water in India 
is essentially a State subject; however 
with Ganga classified as a national 
river, it complicates matters around 
the ownership structure of water as a 
commodity. Assuming the ownership is 
properly defined then how are the rights 
managed across the various sectors – 
agriculture, industry, hydropower  
(dams/storage), transportation and 
municipal (household)?

Water rights can be put in two broad 
categories:
•	 Water	rights	based	on	land
•	 Water	rights	based	on	flowing	water
•	 Use	based	where	those	who	are	not	

land owners can have the right to 
receive clean water

Should India move towards a more well-
defined water ownership structure across 
the different riparian? If so, then how are 
these rights established and dispensed.
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the total volume of freshwater supplied, 
with the result being a benchmark Rs/m3 
cost of delivering water to that particular 
location. Big data analytical tools can 
then also be applied, to model the 
expected impact on that benchmark cost 
over time of a wide range of economic, 
hydrological and environmental 
externalities e.g. drought, demographic 
change, capital spending, etc. whichever 
are thought to be most relevant for 
each location. The benefits to various 
stakeholders of such water supply cost 
benchmarking include:

A) For Government & Regulatory 
Authorities
•	 Enhanced	water	supply	security:	

Enables measurement and 

•	 Can	a	rights	trading	framework	be	
structured in a complex system such 
as Ganga?

•	 Who	would	establish	the	allocation	to	
various riparian?

D4.2. DISCuSSIonS
Establishing a benchmark real cost of 
treating and delivering water for each 
particular city or region would help 
bring about greater transparency and 
aid communication to all stakeholders 
of the value of the water resource. A 
methodology for calculating such a 
benchmark cost involves the gathering of 
all relevant financial and operational cost 
data related to delivering treated water 
in each particular city/region. This total 
cost of production can then be divided by 
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comparison of the economic viability 
and lifecycle cost of various water 
supply technologies compared with 
current practice, enabling selection 
of the most efficient and economically 
and environmentally sustainable.

•	 Policy	Innovation:	Enhances	
infrastructure planning capabilities 
and provides benchmark for better 
informing tariff setting objectives. 

B) For Water Asset operators
•	 Greater	insight	into	outcomes:	

A holistic view of the financial 
costs and impact of owning water-
related assets and adopting new 
technologies. 

•	 More	efficient	decision	making:	
Widens knowledge of the impact 
on water delivery costs of a wide 
range of financial and environmental 
factors and demonstrates 
immediately the financial impact 
of changes in capex and opex 
spending across the whole supply 
system. 

•	 Greater	risk	mitigation:	Better	risk	
management through enabling 
enhanced understanding of that risk. 

•	 Optimised	Investment:	Enhanced	
project selection due to better 
overview and ability to compare 
risks and costs of each individual 
investment choice. 

•	 Improved	delivery:	More	efficient	
operations due to greater 
understanding of the impact on cost 
of a wide range of economic and 
environmental phenomena. 

C) For Corporate users of Water & 
Private Sector Investors 
•	 Greater	insight	and	transparency	into	

returns: A holistic view of the impact 

of a wide variety of water-related 
costs on financial returns. 

•	 Greater	comparison	of	investment	
choices: Enhanced and more 
granular comparison between 
project investment choices, through 
measuring the impact of water 
costs on those projects and the risk 
management challenges associated 
with such costs. 

•	 Greater	risk	mitigation:	Better	risk	
management through enabling 
enhanced understanding of water-
related cost risk. 

•	 Optimised	Investment:	Enhanced	
project selection due to better 
overview and ability to compare 
risks and costs of each individual 
investment choice. 

D4.3. RECoMMEnDATIonS
Water Rights Trading
The price discovery enabled by a water 
rights trading system can contribute 
to more efficient use and preservation 
of the resource by providing economic 
signals to users of water. It can also 
encourage investment in water 
infrastructure by providing investors 
with a more transparent demonstration 
of the economic opportunity available in 
supplying water to a particular location. 

To implement a water rights 
trading model, however, would require 
development of sufficiently robust 
regulatory infrastructure, governance 
mechanisms and property rights 
enforcement structures, with further 
complications likely to arise about how 
the development of such a system would 
accommodate and/or replace the way 
that the ownership of water taken from 
the Ganga is currently considered. 

As ownership of water, the related 
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overall benchmark cost of delivering a 
particular water source to its population. 
Each riparian entity can then conduct 
more effectively the cost-benefit, 
cost-effectiveness analysis, etc. that 
would inform them whether it is more 
advantageous to be a seller of water to or 
buyer of water from other parties at any 
particular time. Such benchmark supply 
cost analysis would also help each party 
determine a basis for negotiation of a 
price at which they would be willing to 
settle for water entitlement transfers to or 
from the other party.  

Wholesale water sales and retail 
supply competition
Social and political pressures make 
it difficult to expose residential and 
domestic consumers, particularly low 
income, to tariffs based on full cost 
of supply. But a wholesale and retail 
trading mechanism for water supplied 
to commercial and industrial users 
could reduce the subsidy burden on 
government and actually help improve 
service provision and reduce cost for 
such users. 

The operator of the water supply 
infrastructure i.e. the ULB or its appointed 
operator — can sell a certain percentage 
of water produced from their network to 
retail suppliers of water, who can then 
compete for the business of commercial/
industrial users of water. While it 
entails ending any subsidy regimes 
currently available to such users, the 
competitive market of retail suppliers 
would help encourage better service 
and more regular supply, for which many 
commercial/industrial users already have 
to pay a price well above official rates 
from suppliers outside the formal network. 

Such a system could also encourage 

supply infrastructure and the pricing of 
it is currently viewed as largely and/or 
exclusively a public sector area of activity, 
any water rights trading along the Ganga 
Basin may therefore be restricted to 
that between state entities- i.e. between 
ULBs, between States, etc. – which 
then take responsibility for distribution 
of the resource they have secured to 
their respective residential, commercial, 
agricultural user, etc.

A cap and trade system for water, 
similar to those in pollution markets, 
could be administered by a Ganga River 
authority, potentially NMCG. An annual/
seasonal cap would be set of the total 
amount of water available for allocation. 
The authority could allocate to each 
riparian entity entitlements for a share 
of the total available water in the Ganga 
system each year/season, with the size 
of those entitlements initially based on 
historically assessed water use of each 
entity. The regulatory authority would 
then establish annually/seasonally 
how much actual water can be allotted 
to each entitlement held, based upon 
hydrological and climate data models. 
Entitlements and/or allocations can 
then be freely traded between different 
parties. Each riparian party could choose 
whether it wishes to sell entitlements 
or buy more. Funds raised from selling 
entitlements could be ring-fenced, to be 
used in the purchase and deployment of 
water use efficiency and conservation 
technologies. The authority could also 
take a small percentage of each trade 
to build, for example, a common Ganga 
conservation fund. 

The prices realised for entitlements 
within this traded market would constitute 
a water extraction cost, which each 
riparian entity can factor into the 

WATER 
RIGHTS 
TRADInG 
The price discovery 
enabled by a water 
rights trading system 
can contribute to 
more efficient use 
and preservation 
of the resource by 
providing economic 
signals to users  
of water
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SESSIon

D4
Water Trading, Valuation, 
Pricing and an Effective 
Tariff Regime

The ULB could use the ongoing 
benchmark supply cost as the basis for 
the price that it charges retail water 
suppliers. Revenue from such wholesale 
water sales would provide the ULB/
infrastructure operator with a revenue 
stream that is above cost recovery levels, 
helping sustain supply infrastructure and 
a continued subsidy regime for customers 
less able to pay full cost i.e. lower income 
residential users. 

Price signals created by the market for 
commercial/industrial water users would 
indicate to infrastructure developers/
technology providers the potential 
economic opportunity and returns 
available from investing in that location, 
encouraging investment and innovation. 

HoW To JoIn:
Participants wishing to join the working 
groups can do so online at the cGanga 
website (How to engage with us) and 
select working group PLG4

the co-opting of what are now suppliers of 
water outside the formal supply system– 
such as private water tanker operators 
– into the formal supply network and give 
ULBs greater regulatory control over 
them. The water to be supplied would be 
taken only from a single source – i.e. ULB-
owned and/or regulated infrastructure 
– and so reduce use of bore wells by 
private suppliers currently outside the 
formal supply system, which can often 
contribute to significant depletion of 
groundwater resources. Such competition 
among retail suppliers would help to 
encourage better customer service 
and more innovation among suppliers 
as they vie for customers – e.g. quality/
volume assurance mechanisms, demand 
monitoring, fixed/spot contract pricing 
arrangements, etc. The ULBs would 
also gather more information as such a 
system develops about supply/demand 
dynamics and price elasticity for various 
consumers, enhancing infrastructure and 
tariff planning. 

TAKE AWAy 
PoINTS

Immediately 
establish a pilot 
in 5-6 cities to 
ascertain true cost 
of water

Develop a working 
group on water 
rights trading

HoW To PARTICIPATE In VARIouS ACTIVITIES

cGanga has 
established the 

following task forces 
and working groups 
for various people 

and interested parties 
to participate in 

the efforts.

Science 
& 

Research 
(SR)

Engineering 
&

operations 
(Eo)

Technology, 
Innovation, 

Entrepreneurship 
and Skills 

Development 
(TIES)

Policy, 
Law & 

Governance 
(PLG)

WoRKInG GRouPS
SR1: Criteria for sewage 
and river water quality  

SR2: Water use efficiency 
in agriculture sector  
SR3: Management of 
fixed dissolved solids 
and completing the 
natural salt cycle

SR4: Managing surface and 
ground water interaction

SR5: Hydraulics of 
river channels 

SR5: Report card 
framework

SR6: Ecosystem services

Finance 
&

Investments 
(FI)

WoRKInG GRouPS
Eo1: Sustainable 

hydropower
Eo2: Developing canals 

and urban natural 
drains for recreation  

and surface transport
Eo3: Urban river 

management plan 
development

Eo4: Interlinking 
of water bodies at 

 city/state scale
Eo5: Compact/packaged 

wastewater and 
solid waste treatment 

solutions
Eo6: Resource 

Recovery

WoRKInG GRouPS
TIES1: Data generation 

through sensor 
networks, remote 

sensing – satellites, 
drones and LIDAR

TIES2: Data modelling, 
information and analytics

TIES3: Developing a 
skilled workforce in the 

water sector
TIES4: Inspiring 

entrepreneurship in the 
water sector

TIES5: Environment 
Technology Verification

WoRKInG GRouPS
PLG1: Evidence 

based river basin 
management

PLG2: Legislation 
and institutional 

framework
PLG3: Stakeholder 

outreach and 
management
PLG4: Water 

trading, valuation, 
pricing and 

development of a 
tariff regime

WoRKInG GRouPS
FI1: Efficacy of PPP and 

Hybrid PPP models
FI2: Developing 
a Water Trading 

Corporation framework 
via enhancing credit 

rating of NMCG
FI3: Wholesale and 

Retail financing 
instruments

FI4: Ganga technology 
acceleration fund

1

2

3

4

5

TASK FoRCE

TASK FoRCE

TASK FoRCE

TASK FoRCE

TASK FoRCE
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PILoT/ 
DEMonSTRATIon 
PRoJECTS

UK

Canada

USA

Luxemberg

Norway

Japan

New Zealand

Slovenia

There is tremendous interest globally 
in introducing new environmental 
technologies and smart systems in the 
Ganga River Basin in India.
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GMEX Group
uK

TECHnoLoGy/SoLuTIon
The solution provides an aggregation 

and trading platform dedicated for 
residues/wastes including dung, 

biomass, solids, sludge, ash and any 
other such materials that has an 

intrinsic resource recovery value.

IMPACT on GAnGA
It solves the problem of identifying  
and managing residues/wastes. A very 
large number of small entrepreneurs 
can generate income by selling 
residues/wastes to larger industrial 
organisations that can process such 
materials to generate energy and 
recover resources.

TECHnoLoGy/SoLuTIon
The clean Advanced Thermal 

Treatment technology treats 
complex solid waste streams to 

point of no residue, while efficiently 
harvesting sustainable power and 

heat or cooling matched to local 
needs. Less than 80x80 m2 land is 
needed for treating 100-300 TPD. 
only by-product is a future-safe 

vitrified construction material. 

IMPACT on GAnGA
Clean and affordable decentralised 
waste treatment that efficiently captures 
and destroys solid waste close to the 
source. It eliminates waste before it 
reaches water bodies (drain, streams, 
rivers, ponds, etc.) and can also treat 
waste recovered from such water 
bodies. Zero toxic ash technology 
safeguards from further pollution and 
fully future-proofs a clean Ganga future.

Boson 
Energy 

LuxEMBouRG

Pilot/Demonstration Projects
The following list illustrates some innovative solutions from around the world that can potentially be game 
changing for the Ganga River Basin according to their developers. They have also expressed their desire  
to collaborate with cGanga to demonstrate the solutions in India. cGanga has invited the developers to  
enter into the ETV process so as to better understand and validate the following aspects of the solution:  
(i) How the solution /technology works, (ii) How it delivers under the Indian climatic and operational 
conditions, (iii) What are its resource requirements including land, energy and workforce, and (iv) what 
social, economic, financial and environmental impact does the solution / technology deliver. 

TECHnoLoGy/SoLuTIon
Ligar’s polymers make it possible 

to extract specific molecules 
from a wide range of liquids 

including oils, juices, alcohols, 
liquidised plants and water.

IMPACT on GAnGA
Ligar polymers will initially target 
the removal/extraction of Chromium 
present in the large volumes of 
tannery effluent being disposed  
off in the Kanpur area of the  
Ganga River Basin.

Ligar 
Polymers  

nEW ZEALAnD

University 
of Auckland  

nEW ZEALAnD

TECHnoLoGy/SoLuTIon
Biological processes offer a cost-effective 

solution to wastewater treatment. However, 
current biological wastewater treatment 

processes are large. Microorganisms are 
powerhouses of enzymes, with the ability to 
produce enzymes such as oxidoreductases, 

peroxidases universally present in all aerobes. 
These enzymes can enhance degradation of 
organic compounds under both aerobic and 

anaerobic conditions.

IMPACT on GAnGA
We will develop new compact 
biological treatment systems that 
can rapidly degrade domestic and 
industrial effluents. These systems 
will use biological granules with an 
aerobic exterior and anaerobic interior 
core, allowing for aerobic, anoxic, and 
anaerobic reactions to simultaneously 
occur within each granule. Simple 
stimuli will be used to induce 
microorganisms to continuously 
overproduce potent enzymes so 
that organic carbon can be rapidly 
metabolised and nitrogen efficiently 
removed from effluent.

Aquatech
uSA

TECHnoLoGy/SoLuTIon
BioCoRE™ Fluidized Bed Bioreactor 

technology utilizes specially designed 
media, which due to its unique 
shape, material, and extremely 

high active surface area, has been 
claimed to achieve efficient and 

consistent water quality compliance 
in wastewater applications. This 

advanced biological process 
provides results while also reducing 

overall CAPEX and oPEX.

IMPACT on GAnGA
Due to its reaction efficiency, 
BioCore™ is well suited for 
compact decentralized systems. 
A decentralized model will help 
the Ganga initiative address water 
quality compliance quickly and 
competitively through fast distributed 
implementation and avoidance 
of long-lead cumbersome mega 
projects. The process can also 
be used to retrofit existing non-
performing facilities.

TECHnoLoGy/SoLuTIon
Cambi is a world-leading technology 

provider for conversion of wastewater 
treatment sludge and food waste to 

biogas, using a unique pre-treatment 
method, the Thermal Hydrolysis Process.  

THP is used by several technical 
providers around the world. CambiTHP® 

has the longest experience of them all 
using THP Technology. Cambi is often 
preferred by plant owners  operating 

large STP’s in connection to cities around 
the world. CambiTHP® “turbo-charges” 

both existing and new biogas plants by 
using steam to pressure-cook materials 

before anaerobic digestion.

IMPACT on GAnGA
Recycling biosolids to agriculture is 
the lowest cost and best practicable 
environmental option (BPEo) for sewage 
sludge. The most common form of 
treatment is Anaerobic digestion that also 
produces renewable biogas energy and 
is followed by dewatering and options for 
class A treatment, removing pathogens. 
Recycling Biosolids avoids the problem of 
having it dumped into the rivers but rather 
reused as a valuable resources.  

Cambi 
noRWAy

TECHnoLoGy/SoLuTIon
SPACE-SI will support IIT Kanpur and 

cGanga in their efforts to rejuvenate the 
Ganga River Basin (GRB) by integrating 

satellite data acquisition systems and 
services that are being developed in 

Europe for Danube river macro-region 
with Indian remote sensing systems 

in order to set-up the most advanced 
infrastructure for water and agriculture 

monitoring in GRB. Main Slovenian 
contributions will be STREAM system 

for multi-satellite data acquisition, 
SToRM chain for automatic processing 

of satellite data and GANGASAT 
services for delivery of map-ready 

thematic products.

IMPACT on GAnGA
These systems will be integrated with IIT 
Kanpur technologies and infrastructure to 
setup a pilot multi-purpose ground control 
station for cGanga which will be applicable 
not only to demonstrate its operational 
potentials to governmental institutions, but 
also as a very versatile platform for research, 
education and rising public awareness.  It 
is envisaged that after the pilot project 
several mirror ground control sites will be 
setup at strategic institutions and locations 
in the Ganga River Basin in order to bust its 
revitalisation. The new high-tech system 
developed by Indian-Slovenian partnership 
will have high internationalisation potential 
not only for large trans-border river basins in 
Asia and Europe but also for other continents 
including Africa and South America.

Space-SI  
SLoVEnIA

TECHnoLoGy/SoLuTIon
Mebiol has invented the world’s first 

Hydro-Membrane based Farming 
Technology called Imec® to address 

some of the serious issues that 
our world faces today such as 

water scarcity, reduction of arable 
land due to soil degradation and 

contamination, and climate change.

IMPACT on GAnGA
To put out farms along the Ganga 
belt that reduce water intake from 
the river as well as groundwater 
extraction. It will also address in 
reducing agricultural run-offs.

Mebiol 
JAPAn



IWIS • 2017 145144 IWIS • 2017

NVH 
Technologies/ 
Univ of Surrey

uK

TECHnoLoGy/SoLuTIon
To provide a model solution for 
long term sustainability, onsite 

treatment, and maintenance 
and rejuvenation of a polluted 

drain as a water resource.  

IMPACT on GAnGA
Focusing on Sisamau drain 
in the Ganga River Basin, 
NVH Technologies aims to 
create ownership amongst the 
communities. In addition it aims 
to create more than 200 jobs for 
continuous maintenance and 
rejuvenation of the Sisamau 
drain. The project shall drastically 
improve the landscape and hygiene 
around the drain thereby also 
increasing quality of living.

TECHnoLoGy/SoLuTIon
Lyndon Water solution for the Ganga 

uses a naturally occurring process 
to separate wastewater into clean 
water suitable for agricultural use 

and a usable high protein biomass. 
Production plants can be easily 

installed and later relocated offering 
a low-cost method to bring sanitation 

and water to India’s growing 
population which has little access to 

normal infrastructure.

IMPACT on GAnGA
Along the Ganga the Lyndon Water 
system can be used to rapidly create 
treatment capacity as part of a dynamic 
process where LW plants move with the 
people growing alongside the population.
The key benefits being:
l    odour minimisation
l    Easily expanded capacity
l    Local employment opportunities
l    Biogas generation.

Lyndon Water 
uK

TECHnoLoGy/SoLuTIon
Effective urban water resource 

management requires access by water 
managers and decision-makers to 

high quality evidence and information 
presented in easily assimilated and 

innovative ways. A data visualisation tool 
(DVT) will display current and trend data 
on pressures (sources, magnitudes and 
impacts of pollutants), target objectives 

and current water quality. This will 
provide water managers with up-to-date 

information enabling enhanced 
decision-making on prioritisation of 

resources and investment, scenario 
testing and assessment of the 

effectiveness of interventions. SEPA has 
developed such a tool for managing and 

regulating water quality in Scotland. It 
can be implemented in other river basins 

in the world as well.

Trojan 
Technologies   

CAnADA

TECHnoLoGy/SoLuTIon
Trojan Technologies is a pioneer, developer 

and the world’s top most brand for the Water 
and wastewater Disinfection based on UV 
Technology. The conventional technology 
i.e. Chlorine is the widely used technology 

in India and may have direct and indirect 
consequences being carcinogenic and 

Toxic in nature. These characteristics make 
chlorine a good option to be used as a 

Chemical Weapon as well.

IMPACT on GAnGA
For wastewater disinfection, UV 
technology proves to be a better 
technology in terms of Disinfection 
Bi-Products, Handling & Health 
Risks which can be classified 
under four heads as: 
l    Safety
l    Environmental Impact
l    Public Health Protection
l    Treatment Performance
l    And the cost

Scottish 
Environment 
Protection 

Agency
uK

Scotstream
uK

TECHnoLoGy/SoLuTIon
The Hydrobox is a Run of River (RoR) 

hydro system that is specifically 
designed for low head applications, 

typically less than 10 metres.
The design is basically a waterwheel 

mounted within a standard shipping 
container.  The unit is easy to 

fabricate, transport and install.

IMPACT on GAnGA
The provision of a stable electrical 
supply will improve the social 
conditions of the people living in the 
vicinity of the river in terms of lighting, 
cooking and heating/cooling.  The 
electricity could also be used to 
power wastewater systems. 
The provision of a new stable and 
reliable electricity supply in the area 
will encourage entrepreneurship and 
the start-up of a number of businesses 
that need electricity.  This will result in 
increased employment.

TECHnoLoGy/SoLuTIon
The proposed treatment system 

would be a combination of a Helix 
Flow aerated reactor and passive 

surface and active subsurface 
aerated constructed wetlands.  While 

the performance of the individual 
components is known, this innovative 

process, designed for the pilot, will 
be evaluated for the effectiveness 
and economic performance of the 

individual components and the whole 
system, and so contribute to applied 

research science in ecological 
engineering.

IMPACT on GAnGA
The proposed Biomatrix solar powered 
bioremediation and smart irrigation pilot, 
located on Ramganga’s edge, will treat 
polluted water from streams and ditches 
entering the river plus a significant river 
volume. The pilot will employ natural 
treatment technology and ecological 
engineering to provide a decentralised 
approach with energy for aeration and 
mixing supplied from a PV system with 
batteries, bridging sufficient overnight 
energy requirements. Budget permitting, 
treated effluent, used in a smart 
micro-irrigation system, designed by 
the Heriot Watt University SCoRRES 
Consortium, will deliver accurate 
crop specific high-quality water, 
with retained nutrients, such as nitrogen 
and phosphorus.  

Biomatrix 
uK

TECHnoLoGy/SoLuTIon
Celtic Renewables is innovatively 

re-inventing the historic ABE 
process to produce an advanced 

biofuel “biobutanol” and other 
sustainable products, but for the 

first time in history using biological 
wastes/residues as feedstock, not 
crops.  Biobutanol can be a direct 

replacement for both petrol and 
diesel, without the need for engine 

modification.

IMPACT on GAnGA
Introducing the Celtic Renewables’ 
technology into India offers 
tremendous societal value across 
renewable fuels, environmental 
sustainability, waste reduction, 
carbon reduction, and regional 
employment. In the context of 
Clean Ganga, the deployment of 
the technology to Indian distillery 
effluent will help solve the issue of 
distilleries discharging directly on 
land or into the streams.

Bridge 
Biotechnology  

uK

TECHnoLoGy/SoLuTIon
Bridge Biotechnology uses conventional 

Ultra Filtration membranes and novel ESoL 
disinfection technology together to provide 

a sustainable and long lasting off-grid 
drinking water production system. The ESoL 

solution dosed pre and post membrane 
prevents fouling and provides an effective 

residual pathogen kill in the water whilst 
being safer than chlorine.

IMPACT on GAnGA
The technology is a more effective 
and efficient way of generating 
safe drinking water; and requiring 
only salt, a softened water supply 
and a small amount of electricity. 
It is suitable for use by isolated or/
and rural communities. It can also 
be utilised for water conservation 
including recycling and reuse.

Celtic 
Renewables  

uK

IMPACT on GAnGA
It is proposed to develop the DVT 
for the Ramganga sub-basin in 
order to: i) take advantage of the 
data already being generated 
across the sub-basin, and ii) ensure 
a practical and attainable product 
delivery within proposed budget 
and timescales. Additionally, the 
DVT will be designed and built 
so that it can be scaled up to 
incorporate other sub-basins, with 
the ultimate goal of covering the 
whole Ganga River Basin.
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SenLab
SLoVEnIA

TECHnoLoGy/SoLuTIon
Advanced mobile-social 

app-platform approach based 
on IoT – Internet of Things and 
mobile technologies to collect, 

share and use data over a wide 
area of the Ganga River Basin 

about water, waste, people 
activities, behaviour; to help and 

improve analysis, predictions 
and decision making.

IMPACT on GAnGA
Engaging communities in 
collecting data and information 
about water bodies and 
river quality shall have wide 
ranging positive consequences 
by significantly increasing 
awareness which is factual and 
evidence based.

TECHnoLoGy/SoLuTIon
Surface/Ground water and 
flood modelling tool with a 

strong emphasis on inundation 
visualisation. This tool builds upon 

existing open source modelling 
tools and bolts on to them the 

visualisation tools to help policy 
makers and urban planners 

on potential damage and 
implications of flooding.

IMPACT on GAnGA
The Ganga River Basin has been 
exposed to significant flood risks. This 
tool will help municipal administrations, 
disaster management authorities and 
urban planners in visualizing what 
impact a potential flood incident could 
have on the built environment. The tool 
can also help through gamification in 
developing mitigation techniques.

VGB / Maribor 
SLoVEnIA

TECHnoLoGy/SoLuTIon
To jointly develop a river report-

card mechanism that can provide 
the policy makers with a clear 

to understand health and state 
of the river. The report card 

will include various indicators 
including: Water Quality, 

Ecological Integrity, Experience, 
Water security and Economy.

IMPACT on GAnGA
The report card shall allow policy 
makers to deliver and measure their 
aspirations for the state of the river 
particularly along most vulnerable 
and highly stressed sections. A report 
card of this nature shall also engage 
communities and the population in 
their understanding and assessment 
of river water quality.

Worlds 
WaterFund 

uSA

TECHnoLoGy/SoLuTIon
At the heart of this initiative will be 

the Waterfund Insights platform, on 
which will be created a Water Cost 
Index (WCI) for cities in the Ganga 

River Basin. This set of WCIs will 
gather together all relevant financial 
and operational data for determining 

the cost of delivering water in 
cities in the Ganga River Basin. In 

collaboration with key stakeholders 
in India’s water sector, Waterfund 

and its Big Data technology partners 
can build a suite of applications 
around the index that show the 

impact of a range of different 
business and environmental 

factors on the cost of delivering 
water in India.

IMPACT on GAnGA
Waterfund can draw upon the best and 
most extensive range of quality data 
sources to ensure that India would receive 
optimum information about the elements 
of water cost risk that concern the country 
most. Such a powerful platform can arm 
an organisation with deep multimodal 
insights that help it gain clarity and take 
action from the vast amounts of data being 
generated around it. Presented through 
a set of powerful visual data tools, the 
Insights platform makes communication 
of a wide variety of water-related cost 
risks for existing or potential water-related 
infrastructure more transparent and easier 
to understand for all key stakeholders.
Municipalities would be able to apply the 
platform’s capabilities in collaboration with 
the national and state government agencies 
with which they work on water-related 
issues and projects.

Waikato River 
Authority  

nEW ZEALAnD

Terax
nEW ZEALAnD

TECHnoLoGy/SoLuTIon
The Terax® process converts 

sludge from sewage treatment 
plants into three useful products, 
Phosphate, Ammonium Sulphate 
and Acetic Acid leaving nothing 

left to be disposed of thereby 
avoiding the substantial cost 

and environmental damage 
associated with current sludge 

disposal methods.

IMPACT on GAnGA
The process will allow 
generating significant value 
from waste which is currently 
not being processed at all. Terax 
avoids Cost by: Feeding back 
valuable chemicals into the 
existing wastewater treatment 
plant that enhances the quality 
of treated water. Avoids 
dewatering costs associated 
with Sludge Treatment.

TECHnoLoGy/SoLuTIon
Topolytics system through 
its advanced visualisation 

creates a meta-map 
of the commercial and 

industrial waste.

IMPACT on GAnGA
By mapping the waste in the Ganga River 
Basin, the waste eco-system including 
generation, storage, movement and 
disposal can be very well understood 
thereby enabling the value generation for 
waste producers and traders.

Topolytics 
uK

TECHnoLoGy/SoLuTIon
our project is planning to establish 

a flood monitoring and prediction 
system for the Ramganga River 

Basin, using ultra low power real 
time river level monitoring sensors.   

      l Deployment of sensor 
technology for river level monitoring 

and measurement of ambient 
environmental conditions. 

  l Implementation of  
data dashboard to provide 

information to users, communities 
and Government. 

     l Supporting data analytics and 
alert functions for users.  

IMPACT on GAnGA
Better understanding of the water 
resource flow in Ramganga 
and it’s tributaries. 
l Information to help in the 
development of resource 
management strategies for 
communities and Govt’s.
l Real time flood monitoring and 
awareness - a greater understanding 
of river dynamics that could help 
safeguard lives and livelihoods.   
l Local employment 
support - support to local 
employment through SMEs 
and micro enterprises arising 
from the project.  

Waste Water 
Wizard  

uK

TECHnoLoGy/SoLuTIon
The Commercial wizard treats sewage 

using vermi-filtration technology. 
The unpowered single stage process 

has a layered structure containing 
worms which aerate, digest and treats 

sewage producing a quality effluent.    
With lower capital and operational 

investment, it is simple to operate and 
maintain yet robust to treat varying 

flows and loads.

IMPACT on GAnGA
l Reduces pollution enhancing  
the local environment
l Gives local communities 
ownership of their waterways
l Delivers sustainability at the  
heart of the community
l Flexible and efficient design 
allowing communities to grow
l Provides local employment 
opportunities 
l Produces a valuable natural 
nutrient rich fertiliser 

Spotsensors  
uK
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