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1. Introduction

India with the world's secondlargest populationof
1.21 billion (asper 2011 censuseport)is underthe
threatof severewaterscarcityhasalreadybeencited
by several report&Vater scarcity hagripped several
statesof India as groundwaterlevels continue to
depleteatanalarmingrate.Mercurylevelsarerising
andlarge partsof thecountryareexperiencingevere
droughtsA fastgrowing economyn onehand andh
largeagriculturalsectorontheotherhavestretchedhe
country'ssupplyof watereventhinner Severewater
shortagehad alreadyled to a growing number of
conflicts acrossthe country with 90 % of India's
territory served by intestate rivers. India's supply of
water too is rapidly dwindling primarily due to
mismanagemendf water resourcesalthoughover
pumping and pollution are also significant
contributorsClimatechanges expectedoworsernthe
situation by causing unpredictable weather.
Recognizingthe severityof the problem,the twelfth
five yearplanonwaterhaveproposeaparadignshift
which bringsin a completechangein the principles
andapproachefor watermanagemenh Indiaacross
various sectors-a move away from a narrow
engineering-constructioperspectiveéowardsa more
multidisciplinaryunderstandingf wate with central
emphasi®nthegoalof resilienteco-systems focus
ontheprincipleof subsidiary

Theworking groupreportof thetwelfth five yearplan
recognizedhefactthatResearclandDevelopmenin
thewatersectorhasbeenaweakareaasevidentfrom
the paceat which new and appropriateechnologies
havebeendeveloped/introduceth the sectorin the
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past. Consensuwasattainedn thegroupfor needof moretechnologicabptionsto beevolved
throughR&D processthegrouphadrenownedexpertsvorkingin thewatersector

At this critical juncture,it is importantto developan understandin@f whathasor is actually
happeningin termsof R&D in the water sectorin the country This bulletin gives a broad
overviewof theR&D scenarian thewatersector It attemptdo addressssuesandfactsthatare
critical to the R&D relatedaspectsn the sector suchas: what are the emepging trendsin
technologydevelopmenin thesector3hoarethekeyplayersoftechnologydevelopmenin the
sectorWhatarethechallengesandgapgor technologydevelopmenin thesector?

2. Thewaterpredicamentn India

Indian geographyas well astopographyvariesconsiderablyas we move from regionto
region.Therefore the natureandextentof watercrisisis multifaceted Problemsacrossstates
rangefrom low percapitaavailability, low storagecapacitysurfacerun-off onaccounof nature
of geologicalterrainto seawaterintrusionin coastalareasAdditionally, the utilization of the
created failities is far fromoptimal aghe wateisector inindia sufers from:(a) relativéy low
water useefficiency and (b) increasinggap betweenthe createdirrigation potentialand the
utilizedirrigationpotential.

Furthermorethecrisisrelatedto waterquality, bothbiologicalandchemicalcontaminatiorhas
beenwidespreadProblemsof arsenicand fluoride dueto over exploitationof groundwater
resourcegvhichwasinitially tracedn UttarPradeslandWestBengahavenowspreadoAssam,
Bihar, Chhattisgarh, Jharkhandand Maharashtralndia also has a huge waste generation
problem;untreatedsewagebeingdirectly releasednto rivers and other surfacewaterbodies
causeshebacteriologicatontaminationAgriculturalrunoff addgo thepesticidecontamination
of thewatersourceslndustrialchemicalsuchascadmiumandnitrateswhichareeitherseeping
into the groundand polluting the groundwatetror their indiscriminatereleasanto the surface
wateris polluting the surfacewaterthereby addingto the quality issueswhich hasrecently
startedgaining attention.Box 1 givesan indicative picture of the natureand extentof water
qualityproblemsn India.

Lastly, sewageandeffluenttreatments insufficient in India.A recentbulletir’ revealshatonly

60% of industrialwastewateris treatedwhile aslow asjust 26% of domesticwastewateris

treatedLackof properfacilitiesto treatwastewatethereforeenhancethewaterquality related
problemsandadddothewatercrisis.

'Report:Working committee report on 12th plan (2012), Ministry of Planning Commission, India, R44-189
M. Bhati & et.Al (2015), ISTIPPolicy Bulletin No. 6, NISADS, India
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Box 1. Water quality status in India: Facts and figures

* Theannuakilt loadreachinghenorth-Indianriversrangesrom 4 to 98 hectareameters
per 100 sq km of catchmentarea.The highestsilt load occursin the Teesta(98.4
ham/100km2).

» Casesof extremevaluesare relatively limited in number but certain reachesof
importantrivershavebecomepollutedbecausef dischage of untreatedlomesticand
industrialeffluentsinto therivers.Thelengthof river reachesvith BOD higherthan6
mg/1is 2800kmin Maharashtrand1200Km in UttarPradesh.

» Excessivefluoride in drinking water is a major concernin the Statesof Haryana,
RajasthanGujaratandAndhraPradeshThepermissibldimit is only Imgll, whereasts
concentratioim somdocationsexceed80mg/1.

« 10 million people(approx.)areaffectedby Arsenicpollution of drinking waterin the
Gangetiglains.Theproblemis moreacutein MurshidabadNadia,NorthandSouth24
PaganasMaldaandBardhamardistrictsof WestBengal.Recentreportsindicatethe
presencef higharsenidevelsevenupto Kanpurin UttarPradesh.

Souce: Water resouce management, Indian Natiorstademy of engineering page http://inaegséach-
studies/#\lter Resoures Management

3. Roleoftechnologyin solvingtheimpendingwatercrisis

The impetusfor the watertechnologydevelopmenstemsfrom the specific needsof the
country It alsostemdrom therolethatwaterplaysin thecountry'sdevelopmenplansaswell as
the importanceof water issuesand policies. Right from usersand stakeholdersof water
technologyincludinggovernmenagenciesindustry R&D institutesanduniversitiesall havea
role in watertechnologydevelopmentWatertechnologydevelopments multidisciplinaryin
naturethatspangnanyareasincludingenvironmentaéngineeringchemicalengineeringgivil
engineering, geosciences, microbiology, meteorology, and materials sciences. Water
technologieareneededo:

*  Providesufiicientwatersuppliedor domesticagriculturalandindustrialuse.

»  Supportnationalself-reliancen waterrelatedR&D andreducedependencenforeign
technology

* Improvetheprice/valuesfficiencyof waterproductiorandtreatment.

* Develop a domesticwater technologyindustry that could contribute to national
economigerformanceandprovideemploymenbpportunities.
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Technologicatlevelopmenin watersectorcouldbebroadlyclassifiednto four areaf highest
priority for meeting theneedsAn overviewof theareas andub areasan befound intable 1.
whichindicateghekind of technologicainterventionghatarerequiredto addressheincreasing
needfor waterresourceslueto expandingpopulation.Indiais blessedwvith the availability of
vast shorelineand thereforelesalination coulthe afuture weaporio combathe futurewater
requiremenéndthereforedemandsitmostattention. BasednIndia'stopographythereis need
foradvancedechnologyto addressemoteareasvatemecessities.

Table 1: The technology aeas of highest priority as exists worldwide

Water Resources Drinking Water Waste Water

Management Treatment Treatment Desalination

Water Conservation Membranéelreatment Biological Treatment Thermal Desalination
Water Reuse and ChemicalTreatment Biological Membrane Membrane

Recycling Treatment Desalination
Groundwater lonic Exchange Chemo physical Hybrid Desalination
Rechage Treatment

Rain Harvest Disinfection AdvancedTreatment

Cloud Seeding Filtration

Souce: Report: Strategic priorities for water technologpgramme, Kingdom of Sauliiabia, Ministry of Economy and
Planning (Doc. No. 12P0001-PLN-0001-ER01),
http://wwwkacst.edu.sa/en/research/Documeni¥dter.pdf

The irrigationinfrastructures inndia arealso notoperating atlesired diciency. Efficiency of
surfacewaterprojectshasbeenassessetb beabout30-40% which canbeincreasedipto 60%
by adoptingefficientmanagementracticespropermaintenancandmodernizatiorof existing
infrastructurescommandareadevelopmentparticipatoryirrigation managemenandefficient
irrigation andagriculturalpractices Similarly, the efficiency of groundwaterfacilities canbe
increasedrom the presentlevel of about65% to about75%. This measurealone can save
considerablevaterto meethemajorportionof demandupplygap.

The efficiency of waterusein agriculturecan be improved with choiceof mostappropriate
croppingpatternandthespecifc cropvarietymostsuitablefor theregionfrom theview of water
availability. At thesamdimemeasurefor moistureconserationarealsoveryeffective meanf
improving water use efficiengy. Systemof Rice Intensiication (SRI) is fast catchingup in
southerrstatesasamethodof agriculturepracticefor reducingwaterconsumptiorby about29-
30%andyieldincreaseby about30-40%.Thereis definite needor focusedesearctandstudies

°Report: Stratgic priorities for water technology programme, Kingdom of Sauabia, Ministry of Economy
and Planning (Doc. No. 12P0001-PLN-0001-ERO01), http://vkawest.edu.sa/en/research/Documengs&ipdf

‘Stratgic plan for Ministry of water resources, @onment of India, (2011)
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directedtowards improving efficiency in water use. The National Mission for Sustainable
Agriculture haslaid emphasion this aspectAt the technologylevel, the key principlesfor
improvingwater productivityatthefield, farmandbasinievelsare:(i) increasén themarketable
yield of thecropfor eachunit of waterused(ii) reductionof all outflows(ex.drainageseepage
and percolation),and (iii) increasen the effective useof rainfall, storedwaterand water of
maiginal quality. New irrigation technologieghat will improvefield level waterapplication
efficiencieswill becritical componentsfthedemand-sidenanagement

Ministry of Water Resource§MoWR) sanctionedFarmer Participatory Action Research
Programmé¢FPARP)at5000demonstratiositesatacostof Rs.24.46c¢crore. Thisprogrammes
takenup in 25 States/U§ of the countrywith the help of 60 Agriculture Universities/Indian
Councilof Agricultural Researchnstitutes InternationalCropResearchnstitutefor the Semi-
Arid Tropics (ICRISAT), Water and Land Managementinstitutes (WALMIs) and Non-
GovernmenOrganization§NGOs)toincreasegield andincomeperdropof water Watersaving
technologicainterventionsveredemonstratednvariouscropssuchaspaddywheatvegetable,
gramandmaizein variousstates.The performanceof thesetechnologiesinderFPARP were
comparedwvith the conventionaimethodof irrigation in termsof percentagéencreasan water
savingyield andincomeasaresultof theprogrammeWatersavinghasbeenndicatedn wheat
from 5% t066.67%, vegetables 23.3%40%, paddy®5% to 55%lncrease in yieldor wheat
wasrangingfrom 7.3%to 43%,vegetable40%to 23%paddyl0%to 62%.Increasencomefor
what4.91%to 30%,vegetable41%to 15.38%andPaddy6%to 44",

4. Stakeholdersandtheir commitmentowatertechnologydevelopment

Traditionally, waterresourcesschemesand programsare multidisciplinaryin natureand are
executedby various ministries/departmentsf both the centraland stategovernment.Such
schemesindprogramsareformulatedbaseddn theactivitiesrespectivaministry or department
undertakeasin Table3. Thestakeholderfor thewatertechnologydevelopmenincluderelated
ministriesand governmentagenciesvho act as the funding bodies,the public fundedR&D
institutesundermrespectiveninistries/departmentniversitiescivil societyorganizationgndthe
privatesector Table 2 givesanoutline of the stakeholderandrole playedby themasevident
worldwidein case®f successfulechnologydevelopment.

*Stratgic plan for Ministry of water resources, @onment of India, (2011)
°Stratgyic plan for Ministry of water resources, @onment of India, (2011)
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Table 2. Stalkeholders and their ole in water technology deelopment

Formuate policy and pr@grams on échnolggical developmenin the
water sector

Progam management ash coordination

Provide input to pragm on government R&D needs
Providing finan¢al resources

Reduce regulatgrand pocedural barriers to R&D

and innovation

Support R&D in universities, search organaionsand
industy in PPPmode

Devdoping infrastructue and necessgrconditionsfor R&D
and innovaton

Createnew basic ad applied scientificknowledge

Train students in saee and egineering

Host and paitipate in Technolog Innovation @ntes
Participate in collabrative progcts, national anidternational
Createnew basic ad applied scientificknowledge

Host and paitipate in Technolog Innovation @ntes
Participate in collabrative progcts, national anidternational
Opeational and implemeegtion projects

Successful tnasfer of echnolagy from lab to &nd

Dissemination and diffusion ofdknolog in renote aeas
of actwal need

Devdop andcommerdalize products &rocesseresulting from
the program

Communcate compay needs to prgram

Support and pécipate n collaboratie R&D prdeds

Support and pécipate n the Tebinology Innovaion Centres

Souce: Compiled by author

b) Keyministriesinvolvedin financing for technologydevelopmentn the water sector:
Centreand State

As well-known,in Indiainvestmenbnresearctanddevelopmenis largely madeby public
sector and the water sectoris no exceptionto it. A large numberof scientific agencies
/departmentsministriesof thecentralgovernmenprovidefundingsupporto R&D in theform
of intramural or extramural projects with the aim of building researchcapability and
infrastructuran the watersector Captivatingly multiple ministries,departmentandagencies
(asin Table 3) are involved in promoting R&D on water Amongstall the ministries and
departmentsPepartmentof Scienceand Technology(DST) is the largestextramuralR&D
funder followed by Ministry of Water Resource{MoWR), University Grant Commission
(UGC), Departmenof Biotechnology(DBT) andMinistry of Forest& Environment{MOEF)
Fig 1. The National Science& TechnologyManagementnformation System(NSTMIS), a
division of the DST maintainsthe databasef all extramuralR&D projectsfundedduringthe
periodfrom 2000- 2011 by all centralgovernmentninistries,departmentsigencieso various
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universitiesandpublicR & D organizationAn in-depthanalysisof all suchprojectsevealoutof

atotal of 32929extramuralR&D projectsfundedby severalministriesoverthelast10 years
acrosseveralisciplinesonly 1503projectsrelatedo R&D onwater Whenestimatedasedn

the amount of R&D investment, it is found that out of all the extramural research funding only
1.97%of thefundwasallocatedor waterresearchwhichismeager

Table 3: Central government agencies involved in the watesectorvis-a-vis their activity

Activities Ministry / Department  Programme/Reseach
Organizations

Overall Policy Issue#ssessmenf Water Resources, MOWR CWC; CWGB; CWPRS;

MajorandMediumlrrigation,Minor Irrigation, NIH; WALMI; GFCC;

GroundWater and Flood Management NWDA,; Respective river
boards

Rural DrinkingWater MDWS NRDWM; SBM; NGP

Urban DrinkingWater MoUD CPHEEO / INNURM

IndustrialWater MoUD/MoClI

Hydropower Development MOP CPRI

Inland Navigation MOT

Environmental Issues MoEF* CPCB/WQSA

Overall Planning foWater Resources Planning Commission

Development and FurAllocation (Former)

Watershed Development MOA / MoEF/ MORD  IWMP;TDET;
NWDPRA,; BVY; DoLR

(a) Water planning foAgriculture, MOA / MoWR ICAR; IARI; MMI;

(b) Micro Irrigation (c) Management of WTC; CADWMP; FRAR

Water related Disaster (Drought) P; CAZRI; CRIDA;

ICRISAT

Management ofVater related Disaster MOHA NDMA

(Flood)

Water technology Initiative MoST CSIR, DBT, DST

Souce: Author Compilation fom Compehensive Mission Document of Nationaltéy Mission (201)

BVY: BhoomiVikashYojana;CWC: CentralWater Commission,CWGB: CentralWater GroundBoard; CWPRS: CentralWater PowerResearch
Station; CPHEEO: CentralPublic Health and EnvironmentalEngineeringOrganisation;CPRI: CentralPowerResearcHnstitute; CPCB: Central
Pollution Control Board; CAZRI: CentralArid Zone Researchnstitute; CRIDA: CentralResearcHnstitute for Dryland Agriculture; CADWMP:
CommandireaDevelopmenandwWaterManagemenrogrammeDoLR: DepartmenoflandresourcésFCC: Gangdlood controlcommission|CAR:
Indiancouncilof agricultureresearchtARI: IndianAgriculture Researclinstitute;JNNURM: JawaharlaNehruNationalUrbanRenewableéMission;
NIH: Nationallnstituteof Hydrology; NWDA: Nationalwaterdevelopmenagency NRDWM: NationalRuralDrinking WaterMission;NGP: Nirmal
GramPoruskarMOUD: Ministry of UrbanDevelopmentMOCI: Ministry of Commerceandindustry;MoA: Ministry of Agriculture;MMI: Majorand
Medium Irrigation; NDMA: National DisasterManagemen#uthority; IWMP: IntegratedWatershedVlanagemenProgramme;TDET: Technology
DevelopmenandExtensionTraining;NWDPRA: NationalWatershedevelopmenProgrammen RainfedareasMDWS: Ministry of Drinking Water
andSanitationMOP: Ministry of PowerSBM: SwachiBharatMission;MoEF*: Ministry of Forest& Environmen®& ClimateChangeMoT: Ministry
of TransportMOHA: Ministry of HomeAffairs; MoRD: Ministry of RuralDevelopmenfWLMI: WaterandLandManagemeninstitute;WQSA: Water
QualityAssessmemtuthority; WTC: WaterTechnologyCenter;
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Fig.1 Funding by respectve Government agencies in boad sectors of
water R & D over the last 10 yars

35
30

Water Quality m_\Water Management

WasteWater Treatment

% of R & D investment

Souce: Author's compilation fsim http://wwwnstmis-dst.ar/Extramuel.aspx

A prior studyby Mandaletal 201 3reflectsthatallocationof fundsfor R&D ondrinkingwaterby

the then Departmentof Drinking Water had remainedsomewhatbizarré. Similar trend is

observedn caseof allocationof fundsfor waterR&D by mostof theagenciegFig 2). No linear
trendis observedandit appeardghat funds havebeenallocatedin a ratherarbitrary manner
withoutaprioritizationplan.

Fig 2. Trend of R&D expenditure on waterby respective ministries and departments at
constant price (base yeaP004-05) ovethe last 10 years
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Souce: Author's compilation sm _http://wwwnstmis-dst.ay/Extramuel.aspx

*Mandal. Kasturi & etal (2013), “R &D for Drinking/ater in Rural India”, India Science afidchnology
Cambridge University Press India Pvt. Ltd/o] No. 2, PNo. 410-414

8



Water R&D in India: Tends and Intervention

At statdevel,thestateS&T councilsplayaveryminorrolewith someexceptionsvherethestate
feelsthe needof technologicalinterventionin the sector Table 4 givesan ideaof the R&D
initiativesundertakety severabtateS&T councils.

Table 4: R&D initiatives undertaken by state S&Tcouncils and
their collaborative partners

State S & T Council

Assam

Andhra Pradesh

Chhattisgarh

Guijarat

Himachal Pradesh

Karnataka

Kerala

Collaborative R & D

Pilot demonstration of ceramic
membrandasedron removalplantin
Assamin collaborationwith CGCRI,
Kolkata

Developingwaterand soil testingkit
in collaborationwith Departmentof
ChemistryCottonCollege Guwahati

Establishmentof water purification
system based on reverse osmosis
techniquewith technicalsupportfrom
CSMCRI,BhavnagaiGujarat

Rainwater harvesting, artificial
recharge in four watersheds of
Chhattisgarh supported by public
health engineeringdepartmentgovt.
of Chhattisgarh.

Nano-Mission, minor research
projectsfundedto stateuniversity &
colleges

WASH projectfundedby the Federal
Republic of Germany; Establish
centrefor monitoringglaciers;

Research projects funded primarily to
state university & colleges

Karnataka lIsrael programme for
industrialR & D (KIRD) : technology
for water& wastewatermanagement
inruralandurbanareas

Research projects funded primarily to
state universities & colleges

R & D Area

Utility analysi®of someaquatiglants
in removing heavy metal pollutants
fromtheaquatidodiesof Assam.

Integratedstudiesof major wetlands
of GoalparaDistrict of Assamusing
remotesensin@ndGIStechniques

To improve water quality through
water purification system basedon
revers@smosigechnique

Ground water conservation and
management

Waste water treatment

Roof top rain water harvestingmade
compulsoryn all buildings

Conservation and management of
wetlandsn HimachalPradesh

Ground water study assessmenbf
drinking water potential, rain water
harvesting

Environmental monitoring
programme on water quality
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State S &T Council Collaborative R & D R & D Area

Madhya Pradesh Digital database of lithology,

geomorphology and structure and
derivation of groundwaterprospects
layers under National Resource
Information System programme of
Departmentf Space;

Watershedlevelopmentgroundwater
potentiazonemapping

Research projecfsinded primarilyto
stateuniversities& colleges

Punjab Wetland conservation programme in  Wetland Conservation at Harike,
collaborations with MoEF; RoperandNangal.
Research projects funded primarily to
state universities & colleges
Puducherry Coastal zone management Introduction of precision farming
Rajasthan Establishmentof water purification = Ground water quality mapping,

system based on reverse osmosis
techniquewith technicalsupportfrom

watershed development & soil
conservation

CSMCRI,BhavnagaiGujarat

Research projectsinded toprimarily
tostateuniversity& colleges;

West Bengal Waste water treatment, wetland

development, arsenic pollution
abatement

Development of bio-reactors to
combatarsenicpollution in drinking
water is at its final stage of
demonstrationin collaborationwith
thedepartmenodf botany Calcutta
university;

Research projecfsinded primarilyto
stateuniversities& colleges.

Souce: Authors compilation fom websites of all state S&Jouncils

a) SchemesndPrograms

NationalWaterMissionis oneof theeightmissionsdentifiedby theNationalactionplanon
climatechanggNAPCC)which plansto ensurantegratedvaterresourcenanagemertielping
to conservewater minimize wastageand ensuremore equitabledistribution both acrossand
within states.The Mission aimsto developa frameworkto optimize wateruseby increasing
water use diciency by 20% through regulatorgechanisms with dérential entittements and
pricing. It seekso ensurethata considerableshareof the waterneedsof urbanareasaremet
throughrecyclingof wastewater andensuringhatthewaterrequirementsf coastakitieswith
inadequatealternativesourcesof water are met through adoptionof new and appropriate
technologies such dsw temperature desalinatidsechnologies that allofor theuse ofocean
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watef. This includesenhancedstorageboth aboveand below ground, rainwaterharvesting,
coupledwith equitableandefficient managemergtructuresThefollowing goalshavetherefore
beendentifiedbasednthenationalwatermission.

» Comprehensivevater databasein public domainand assessmenaf the impact of
climatechangenwaterresource

* Promotionof citizen and state actions for water conservation,augmentationand
preservation

* Focusedttentioronvulnerableareasncludingoverexploitedareas
* Increasingvateruseefficiencyby 20%
* Promotiorof basinlevelintegratedvaterresourcemanagement

Achieving suchambitiousgoalsundoubtedlyrequirestechnologicainterventions Mentioned
below are somemajor programsof the Central Governmenintendedto boosttechnological
developmenin thesector

Water echnologyinitiative wasa major programof the DST under BchnologyDevelopment
Scheme, starteid 2007with theaspiration tgpromote R&Dactivities aimedat providingsafe
drinking waterat afordable cosand adequatquantity The scopef thisprogram coverethe

entire value chainof R&D; from water orientedbasicand appliedresearchpre competitive
technology development, technology based classification & assessment of technology options,
pilot demonstratiof technologyleadsetc. It alsoenvisagedo nurtureenablingactivitiessuch
ashumanandinstitutionalcapacitybuildingin form of fellowships trainingof watermanagers,
promotingcenterof excellencdor waterresearch.

Later, a TechnologyMission WAR (Winning, Augmentationand Renovation)for waterwas
developedin 2009 on the principle that timely, urgent, cost effective, socially viable and
sustainabléechno-managemesolutionsarerequiredor solvingproblemsof waterscarcityout
of aSupremeCourtdirectionto the Governmenbf Indiato constitutea Committeeof Eminent
Scientistaandprovideall resourcesecessarjo addresandsolvetheproblemof waterscarcity
in the countrythroughrecourseto researchandtechnology The programwasthen carefully
plannedasevidentin table5.

A large numberof waterrelatedR&D projectsare also conductedwithin the purview of the

NaturalResource®ataManagemensystem(NRDMS) — an S&T programof DST launched
with theobjectiveto demonstratandpromotetheuseof spatialdatatechnologiegor locallevel

planningunderdiverseterrainconditionsandpromoteS&T inputsfor framingpoliciesrelatedo

spatialdatatechnologie¥.

‘Comprehensivéission Documentof NationalWaterMission (2011), Ministry of Waterresourcesindia, Vol 1
(2011), http://wrmin.nic.in/

“Technology MissioWar for Water http://www .dst.govin/
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MoWR providesfinancial assistancdo promoteresearchin the field of water resources
engineerindy way of grantsto academicians/experstheuniversities)ITs,recognizedR&D
laboratorieswaterresourcesirrigation department®f the centraland stategovernmentand
NGOsunderits R&D programmeResearclproposal®f appliednatureaswell asbasicresearch
areconsideredor MOWR support.The MoWR constitutedsix Sub-Committeeto examineall
relatedaspectin thesector:

a. PolicyandinstitutionalFramework;
SurfacéVaterManagement;
GroundWaterManagement;

DomestiandindustriaWaterManagement;

® a0 o

EfficientUseof Waterfor VariousPurposesand
f.  BasinLevelPlanningagndManagement.

With aviewto activelyassociat¢éhereputecacademianstitutionsassociatetbr specificstudies
relatedto impactof climate changeon waterresourcesMoWR hasalsodecidedto establish
“ProfessorialChairs”. Indian institute of technology(l1T), Roorkeeand National Institute of
Technology(NIT), Srinagaareassociatedith studiesn respecbf Indusbasin|IT Kanpurand
NIT, Patnahasbeenassignedvith the responsibilityof researcrandstudiesrelatedto Ganga
basin.lIT, Guwahatiand lIT, Kharagpurwill contributein assessmendf impactof climate
changean respecbf Brahmaputrdasin. MOWR hasalsoassignedtudieso IndianInstituteof
SciencegllSc), Bangaloren respecbf impactof climatechangen rainfall andwaterresources
of peninsulariver basinsDependingiponthespecificrequirementanoreinstitutionscouldbe

associated

MDWS alsopromotedR&D in thefield of ruralwatersupplyandsanitatiorasoneof thesupport
activities.Areasof researchinclude: Waterresourceexploration,assessmer& exploitation
relatedtechnologydevelopmenttechnologydevelopmentor improvementn waterextraction
techniquedike improvementsn handpumpsdesignssolarpumps/hydraulicrams,improving
enegy efficiency for reducingoperationand maintenancO&M) costsfor projectsusing
conventionapower waterscarcityreductionandrelatedtechnologydevelopmenlike artificial
rechage, controlof salinity ingressetc,improvementsn distributionnetworkof watersupply
projectsfor reducingwaterlossesncluding unaccountedossestechnologyfor waterquality
enhancemerior ruralareasgevelopmenof waterqualitykits, developmenof appropriateural
sanitatiortechnology

Councilof scientific& industrialresearcCSIR),oneof India'slargestpublicly fundedresearch
organizatioralsocarriesonresearclonwaterandhasidentifieddrinkingwaterasoneof its niche
areaof researchCSIR800,a majorprojectwhich aimsat providinga betterlife to 800million

“Comprehensive Mission Document of Natiowater Mission (201), Ministry of Water resources, India/pl 1
(2011), http://wrmin.nic.in/
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peoplein the country by bringing solutionsin the areaof health, agriculture,and enegy
recognizesvaterasanichearea

Table 5:Approaches planned forfinding out viable solutions forwater related challenges

in the WAR for water program of DST

Function

Mapping the scale, scope and
seriousnessof the problem in
select regions

Priority profiling and setting

Spotting and scouting feasible
solutions from national and
internationatechnologysources

Expert study and evaluation

Matching of solution with
problemsn realfield locations

Resource planning and flow
arrangements

Pilotundettrial examinatiorunder
reallife conditions

Data analysis and scope for
application®f technicakolutions

Finalizationof selectiorof options
of technical solutions for each
waterrelatedchallengealongwith
sitespecificity

Activity Requir ed

Mapping a wide range of water
relaied real life challenges in

differentsocialenvironmenbased
onreallife data

Study of water challengerelated
problems and their socio
economidmpact

Global and wide national search
seekingexpressiomnfinterest

Scientific and technical
assessment and quantitative
rankingof offeredsolutions

Research and analysis ofared
solutions for solving the selected
specificproblem

Project planning and
implementation document for
everysinglesite

Enrolment of the community
leadersfor rooting the selected
solution(s)

Priority Actions

Datacollection.
Quantification of water
challenges.
Assessment of
population.
Enrolmentof the community in
selectindikely solutions.

impacted

Selecting criteria for priority
selectionbasedon feasibility of
solutions and their impact
potentials.

Global and National
advertisementfor expressionof
interesto provideviablesolutions
toselectedvaterchallenge.

Interactions with technology
providersandoffersof solutions.

Extensive research and bench
studyfor solutionselection.

Fund mobilization and allocation
forinterventionin eachocation.

Internalizing a study group for
every solution selectedfor pilot
trial.

Expert assessment and economic Costandsocialviability rankingof

and social viability analysis

Finalization of solution
methodologiesfor each type of
water challenge for subsequent
replication

Souce: http://dst.gosn/scientific-ppgramme/plan-document.pdf
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a) Keyagenciesnvolvedin water R&D

Overseveradecade®sf developmentahvestmentanddemocratigublic governance
that existedin India, a intricate network of organizationsundertakingR&D in water have
evolved. Theyincludepublic fundedresearchnstitutes,centralandstateuniversitiesdeemed
universities]ITs,institutesof nationalimportancegollegesandfew privateentities Thepresent
studyrevealsthatthe universitiesareattractingmoreextramurakesearchundsthanthe R&D
institutes(fig 3). The reasonbehindmay be sincethe universitiesgenerallydo not haveany
intramuralresearchund, theyareboundto be competitiveanddrawmorefunds. Thiskind of
undertaken R&Don watergenerally isvery muchindividual scientistentered, whout of his
ownintereskeepgheball rolling. Suchkind of R&D doesrarelycomeoutwith tangibleoutput
with regardotechnologicatievelopmentThisis validatedoy thetrendof R&D investmenofall
the genciegut togeher whid doesot estalish apatternof growth.Carefulobservatiorhas
showedthat very lessrepetitionof funding researctprojectsof similar natureor to the same
projectinvestigatorhad takenplace(with the exceptionof few training programsandwater
guality assessmenglated studiedue tonatural disastdike Tsunami); wherea®r successful
technologicatlevelopmentontinuousupporisanecessarglement.

Fig 3. Trend of allocation of funds elated to waterR&D to Universities,
R&D institutes and others at constant prices by espective ministries
and departments overthe last 10 years
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Souce: Author's compilation fsm http://wwwnstmis-dst.org/Extramurel.aspx
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In theuniversitysystemstateuniversitiesaremoreactivein attractingfunds(38%)followed by
statecolleges(Fig 4). Areporthasshownthat|ITs rank fourth worldwide asa leadingwater
technologylaboratoryin terms of researchpublications’. Amongst publicly funded R&D
institutes,CSIR emepesto be the leader(Fig 5) attracting44.9%of R&D extramuralfunds
followedby researclinstitutesundetheMOWR andICAR. All thesedepartmentandagencies
work ondifferentaspect®f watermanagemerdandtreatmentasshownin Table6. Outof the38
researchaboratorieof CSIR,22 areengagedn waterrelatedR&D acrosdiverseareasn the
sectoandovertheyearshavedevelope@commendablbaskebftechnologie§Table7) buthad
notbeensoverysuccessfuh commercializationvith afew exceptionslt hasalsobeerobserved
thatboth the universitiesandresearchnstituteshaveundertakenrmoreresearchn the areaof
waterquality. Furtheranalysishasalsorevealedhatmajority of theresearciproposalsromthe
university systemhasbeenmeasuremendr assessmeradf waterquality whereaghe national
laboratorieshave concentratesn technologydevelopmentOn the contrary global trend of
publicationsshowsR&D in the areaof wastewatetreatmenis maximum(42%) followed by
watertreatmenandwatermanagemefitoutasin Fig 1,R&D in theareaof wastewatetreatment
is minimal in India. On the whole, either our planning exercisebasedon the required
technologicaheedss notsufficient or havenotbeenimplementedasaresultwe havenotbeen
ableto harnessnuchfrom thewatertechnologydevelopmentelatednitiativesto theextentthat
it is desiredTechnologyis notastandalonaystemasreflectedin someof thesuccesstoriesin
Box2and3whichgivesanideahowanintegratedpproachvorksin thefield.

Fig 4 Share of reseach grant in Fig 5 Share of reseach grants in water
water R&D in the university R&D in publicly funded national
and state level R&D Institutes

Souce: Author's compilation fsm http://wwwnstmis-dst.org/Extramurel.aspx

“Strategicpriorities for water technologyprogramme Kingdom of SaudiArabia, Ministry of Economyand
PlanningDoc.No.12P0001-PLN-0001-ERObitp://www.kacst.edu.sa/en/research/Documensséipdf.

“Strategicpriorities for water technologyprogramme Kingdom of SaudiArabia, Ministry of Economyand
PlanningDoc.No.12P0001-PLN-0001-ERODitp://www kacst.edu.sa/en/research/DocumenasAnypdf
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Table: 6 Premier public funded reseach organizations
with their thrust area of reseach

Ministry/

Organization Area SubArea R&D Labs

IICT, ITRC, NML,

Purification technology( Nano filter, Ceramic AMPRI, CECRI.

Water Quality membrane, Electrochemicalethod) FoArsenic,

. IICT, CSMCRI,
Iron, fluorideremoval CGCRI
Sensor technology IGIB, NEERI
CSIR
Water reuse and recycling (Bioelectricity,
biodegradable plastics, biogas generation, |ICT, NEERI CECRI
chromiumrecovery)
WasteWater ITRC, CPPRI,
Treatment  Bjotechnological applications NEERI, NML,
CSMCRI
Electrochemical method (Arsenic) NML
lon Exchange method CSMCRI
Adsorbent (Goethite) IIMT
Phyto -remediation NBRI
Treatmenttechnology(Membranereactor In situ
chemical oxidation, Bio sequestrationMasonry NIEE NELRY, NP,
. NEIST
bricks)
Aquaculture technique CEERI
Wat Assessment and monitoring (Arsenic) ITRC, CPPRI, CIMFR
ater
Management Modelling (Ground water Artificial rechage,
ModularhouseholdSanitatiorDevice), NGRI, NIIST
GIS and Remote Sensing (Ruvdhter) NISTADS
Water Quality Treatment technology (Bioremediation Process) CMFRI
AquacultureTechnique CIFA
ICAR Water Watershed development CIBWA
Management  Groundwater dynamics CRIDA
Irrigation (DSS) CAZRI,WTC
Hydrological data base CAZRI
Training programme CWRDM
Decisbn Suppot System (Agriculture Water
Water Management) SR, W
MoWR Management .
GIS and Remote sensing (Ground water NIH
Resourcesyatershed
Crop planning and Irrigation development NERIWLM, WLMI

Souce: Author's compilation fsm http://wwwnstmis-dst.ay/Extramuel.aspx
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Table 7: Baslet of technologies depending on water qualityelated problems
developed by CSIR laboratories

Problem Technological Solution

High Arsenic in water Ceramic membrane based arsenic removal
technology (CGCRI), Sand based technology
(NML) Chemo-dearsenificatioiNEERI)

High Fluorides in water RO basal technology and waste treamert
(CSMCRI), Electrolytic de-fluoridation
(NEERI),Chemo-de-fluoridatiofNEERI)

High iron contents in water Ceramic membrane based iron removal technology

Brackish water (higffDS/salinity) Ceramic membrane based iron removal
technology (CGCRI), Hand Pump attachable
removal unit (NEERI), NEERI-ZAR, Red clay
basedTerafil’ unit(IMMT)

High saline (brine) water in coastal areas RO membrane based technology (CSMCRI)

Presenceof water borne pathogenssuch as, TFC RO membrane based technology (CSMCRI)
bacteriaandviruses

Souce:http://wwwindiawaterportal.og/sites/indiawaterportal. @y/files/Water%20Echnologies NEERI_
2010.pdf accessed dated 31st bar2015

The privatesectorhasalsobeena partof bringingin technologicainterventionsn the sector
Most of themhaveglobal alliancesasshownin table 8. Public Private Partnershigor water
projectsis a recentphenomenorand hasbeenemeping as a successfulway of promoting
investmentin the sector The Vizag industrialwater projectin collaborationwith Larsenand
Toubro, the Hubli Dharwad treatmentplant in collaborationwith CGE, France and the
JamshedpuandMysore City Corporationprojectsin collaborationwith the TATA's aresome
suchinitiatives.Theboxesonsuccesstoriedurtherreflectonhowsuchpartnershipsouldbring
in solutiondor thepeople.

AMPRI: AdvancedMaterials and ProcessefResearchinstitute; CECRI: Central ElectrochemicalResearch
Institute;CGCRI: CentralGlass& CeramicResearchnstitute;CPPRI: CentralPulp& PapemResearclnstitute;

CIMFR: Centrallnstituteof Mining & FuelresearchCSMCRI: CentralSalt AndMarine ChemicalsResearch
Institute;CMFRI: CentralMarineFisherieResearclnstitute;CIFA: Centralinstituteof FreshwateAquaculture;
CIBWA: Centrallnstituteof BrackishwaterAquaculture CWRDM: Centrefor WaterResource®evelopmen&

ManagementDSS: Decision SupporBystem JICT : Indian Institite of Chental Technology]TRC: Industrial
Toxicology Researchnstitute;IGIB: Instituteof GenomicandintegrativeBiology; IMMT : Instituteof Minerals
and Materials Technology; NBRI: National Botanical Researchinstitute; NML: National Metallurgical

Laboratory; NEERI: National Environmental Engineering Researchlnstitute; NCL: National Chemical
Laboratory,NGRI: NationalGeophysicaResearchnstitute;NPL: NationalPhysicalLaboratory;NEIST: North

Eastinstituteof ScienceandTechnologyNIIST: Nationallnstitutefor InterdisciplinaryScienceandTechnology;
NISTADS: National Institute of Science,Technology& DevelopmentStudies;NIH: National Institute of

Hydrology;NERIWLM: NorthEasterrRegionalnstituteof Water& LandManagement;
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Table 8: Indian private sector plagrs vis-a-vis their global alliances in the water sector

Company Global Alliances

VA TechWABAG Wabag Germany

Degermont India JointVenture with Degremont, France

Doshi lon JointVenturewith VeoliaSolutions Francetie up

with Kineticolnc USAfor filtration, softeningand
DeninSystem

lon Exchange India JointVenture with waterleau, Belgium

Driplex Partnershipwith Best water group Austria and
LanxesGermany

Paramount Pilkenwoodwater UK for oil water separation;

Kochglitch, UK for Bio-towerPlasticmedia

Thermax Wehire Unwelt Gmbh-Technologyfor treatment
of hardto treateffluentsGE Water Ultrafiltration
and MBR technologies for India- Reverse
Osmosisnembranes

Souce: http://wwwmoital.govil/NR/rdonlyres/990D9FE4-B289-4FD3-8051-
9D358DAE4997/0/Mter_and_\dste_Véter Teatment_Opportunity_Indiagport_16081.pdf

Success stories of immving water sewices through technological intewention

Box: 1

Gujaratshowsachroniclecombinatiorof hugeinvestmentn waterinfrastructureghrough
interventionof innovativetechnologicatoolsandmodificationin waterpolicies.Gujarat
has only 2% of the country’s water resourcesfor 5% of the country’s population.
Topographyacrossthe stateis varied Three-fourth=f the areais unsuitablefor ground
water withdrawatlue torocky terrainand coastalegions.The supplyof wateris limited
andthe statehasa history of droughts.Gujarathasmadeseriousefforts in all-important
area®f thewatersectoisuchassourceaugmentatiorsourcananagemeranddistribution
managementlt hasimplementedseveralschemesunder the Sardarsarovarproject,
Sujalamsufalamyojanaandmultivillageruralwatersupplyschemes.

Gujarathas showcasedhat how technologicalinitiative to improve water supply for
domesticconsumptionand irrigation haveto be complementedy grassrootgeoples
participationin managemenand distribution of water The communitymanagedvater
supplyprogrammen Gujarathasprovedto beamodelfor theentirecountry It hasshown
how small innovations,such as micro-water harvesting,can make a large impact on
agricultural production. Sardar Patel Participatory ConservationProject (SPPWCP)
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involvesconstructiorof checkdamsandvillagetanksor pondsby adesignatetbeneficiary
group,with technicalandfinancialassistanc&éom thedistrictoffice isaburningexample.
More than350,000checkdamsandyvillage tanksor pondswerecreatedn the lasteight
years providingdirectbenefitto over13million peoplein rural Gujarat.Gujarathasalso
createdheGujaratGreerRevolutionCompanyLtd. (GGRC)to popularizeéheadoptiorof

drip irrigation amongfarmers.GGRC offers highly subsidizedoansto farmersandhas
simplified the administrativeproceduresCreationof a state-widedrinking watersupply
grid, schemesor waterrecyclingandthe Gujaratwaterregulatorycommissiorbill which

hasbeerdraftedaresomeof theinstitutionalinnovationsn progress.

Box: 2

Oneof India’searlysuccesses continuousvatersupplywasthepilot projectin thethree
north Karnataka cities of Hubli-Dharwad, Belgaum, and Gglodihe 3-city Karnataka
projectwasstructurechsa managementontractwith the privatesectomeingresponsible
for developingan ‘improvementplan’, procuringandmanagingcontractordor carrying
out works as envisagedn the plan,and O&M of the new system.Urbanlocal bodies
(ULBs) in thethreecitiesin Karnatakaalongwith theKarnatakaJrbanWaterSupplyand
Drainage Board (KUWSDB) and the KarnatakaUrban Infrastructure Development
Finance Company (KUIDFC) were the contracting authority for the project. A
performancédasednanagement contratitatlinked 40 percentof the paymentsagainst
achievingprojectmilestonesvasakey instrumentn driving projectefficiencies.Project
fundingwasprovidedby theWorld Bank(76 percent)andthe Governmenbf Karnataka
(23 percent),with KUIDFC asthenodalagencyThefocusof theprojectwasto improve
water servicemanagementhy cutting leaksand lossesin the distribution network, to
enablecontinuouswatersupplywith the availablewaterresourcesFor the first time, a
private sector participation initiative with demonstration of continuous water supply was
taken up in the identified zones of tieee ULBsVeolia Eau-Compagnie Generale Des
Eaux,aFrenchlObillion companythatmanagesvatersupplysystemsn 80countriesvas
selectedasoperationandmanagementonsultanthroughglobal bidding. The company
usedits internationakxpertisgo design,jnstallandcommissiorwaterpipelinesfrom the
Renukasagareservoir about45 km from Dharwadcity. The existing pipelineswere
replacedwith High densitypoly ethylenepipesto supplywaterin the demozones.The
companyalso laid a separatepipeline for Hubli from the water treatmentplant at
Aminbhavi, which ensuredsupply of water with decentpressureto the city. Five
demonstratiomprojectsin selectwardsof thesehreecitieswerecompletecandwaterwas
availableroundtheclock

Souce: Compiled by authordm Geen_Gowth_Report_Edition1.pdf
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Policy Suggestions

Development obtrategic technologighat areessential fofuture growthis a necessity \Wwich
onecannotignoreandwateris oneamongsthem.Forthis, ourdevelopmenpolicieshaveto be
holistic in natureasthey oftenimpactmorethanonesectorat the sametime. Demand/supply
dynamicsof anyonesectorcannotbethesolefactorin devisingpoliciesastheyimpactthosein
anotherandvice versa.Keepingthis in mind the following issuesmay be consideredo boost
technologicatlevelopmenih thewatersector

The governmentepartmentndagencieoften perceivethatthe watercrisisis to be

solved through managementapproachand technology has minimal role to play.

However countriedike Israelhaveprovedthatit requiresmorethanmanagemeniVe

need innovave andrealisticsolutions thaare coseffectivealong withour regulatory
andgovernanceabilities. Thereforethereis a needto bringin achangan mind setand

thereforegheapproactof solvingtheimpendingerisis.

IndianR&D systemis moreinterestedn hightechareagatherthanmeetingdayto day
challengesvhicharenottopprioritiesfor researclandinnovation It is evidentirom the
factasoutof thetotal R&D extramurafundonly 1.97%wentfor waterrelatedstudies.
Indianresearclsystermhasto bemorefor thebottomof thepyramid.It hasto learnfrom
traditionalandindigenousknowledgesystemsand shouldwork on refining themand
bring localizedresourcebasedechnologicakolutionsat economicabnd competitive
costsfor thecommunity Thescientificcommunitymustmeettheneed=f poorpeople.
In the watersector we needto devisetechnologicakolutionswhich arepreventivein
natureratherthan being curative, e.g controlling pollution at the sourceratherthan
treatingthepollutedwater

Thereis urgentneedto increaseinvestmentin water relatedresearchstudies.New

modelsof fundingwaterR&D shouldbe devised.Currentlyfundingis projectbased
which mostof thetime is for a periodof 2-3 years Effective technologydevelopment
requiresfinancial supportover a consistenperiodof time. Insteadof all government
researchfunds being distributedto the budgetof different scientific departments,
creating a new National ResearchFund for the water sector could be effective.

Identification of niche areasof technologydevelopmenthat is requiredshould be

undertakemndthereforegeneratecleardemandntheneedandsupportof thenature
of R&D basemnsuchneeds.

R&D projectson water basedon multi-centric studiesshould be encouragedA
frameworkneedgo bedevelopedvith avisionfor takingupR&D for thenext5-yearsit
felt thatmorestudiesonsocialaspect®f watertechnologye.g.Governancandconflict
resolutionsn waterandsanitatiorsectorshouldoeincluded.

All our policy document®f waterhavegivenstresgo wastewatertreatmenaindwater
reuse.On the contrary the allocation of fundsto suchareais the least. So, fund
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managemenstrategieshouldbe revisedsuchthatthereis no mismatchbetweenour
policiesexpectationandresearchvork.

India requires multidisciplinary centersof excellenceto tackle big issueslike
water system responserates to climate change, coupled forecasting of intense
precipitation and floods, medium-rangeweather forecastsfor agricultural water
managemeniand water contamination.Such centres would also train the next
generatiorof researcherto useholistic approachesrThe Indian Institute of Science,
Bangalore,has establishedsuch a centrethis year This step should be emulated
nationwidewith fundingfromgovernmenandprivateindustry

Ministerialleveltie-upswith R&D institutesof reputefor evolvingsuitableechnologies
basedon their requirementis desired.There should be specific funds allocatedfor
replicatinggoodtechnologies.

Build technologypartnershipsvith statesandcentralministriesthroughnewmodelsof
tecmologicad soluions, desgn, devdopment and delivery. R&D projects as
public privatepartnershigprojectsshouldalsobeencouragedntegratingthe efforts of
related organizations,which is a program managemenprerequisitefor successful
technologydevelopmenanddiffusionto beencouraged.

Benchmarkingpur researctorganizationswith globalinstitutesof reputein the sector
shouldbe initiated and taking lessonsfrom them shouldwork on lines that are our
countryspecific.FacilitateR&D collaboratiorbetweeruniversitiesR&D institutesand
industry expandedinternational collaboration. Researchproposalsfrom different
researchnstitutionsor combinationof institutionsanduniversitiesin networkmode
shouldbe encouragedperiodic reviewsof progressof researchshouldbe doneand
furtherimprovemento bestrictly monitored.

Technology hubs need to be set up for developmentof new technologiesand
benchmarkingf availabletechnologiego providea transparenpictureof benefitsto
the private entrepreneursThese hubs would also provide incubation facilities to
inexpensivenew technologiesfor attracting private participation. Hydro-hubsin
Singaporeand Irrigation Technologyhubsin Israel could be the modelsthe country
couldadopt.

Regulatoryframeworkfor effectivetechnologicatievelopmenin thesectomeedgo be
strengthened

Environmentakervicesshouldbe prioritizedto tackleclimatechangeaswell asother
problemsrelatedto water and thereforealso attractentrepreneurito the sectorin
tacklingproblemsof thesectorThiscouldperhap$ridgethegapbetweerechnological
inventionanddiffusionandpromotecommercializatiorasin India muchof thewater
relatedesearclis still atlaboratorystageor aprototypehadbeerdevelopeditthemost.
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competitivenessn global context, CSIR & public funded knowledge & technology mapping
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