
Wastewater Recycle and Reuse Wastewater Recycle and Reuse --
A Need of the Hour A Need of the Hour 

Water India 2011
Water Purification, Recycling and Supply

Water India 2011
Water Purification, Recycling and Supply

Recycle & reuse Recycle & reuse -- Guiding principleGuiding principle

Water of higher quality Water of higher quality 
should not be used for application should not be used for application 

that can tolerate inferior quality.that can tolerate inferior quality.

United Nations United Nations -- 19561956

Global Demand for wat er is fast outst ripping supplyGlobal Demand for wat er is fast outst ripping supply

India  posse ss es  5% o f t he  W orldIndia  posse ss es  5% o f t he  W orld ’’s fres h wa ter  b ut is h ome  t o 1 6% of  g lo ba l po p ula ti o n; wa ter  s fres h wa ter  b ut is h ome  t o 1 6% of  g lo ba l po p ula ti o n; wa ter  
us e e ff ici en cy  f or  irr i ga tio n is a ppr ox.  6 5% a n d po wer u se ef ficus e e ff ici en cy  f or  irr i ga tio n is a ppr ox.  6 5% a n d po wer u se ef fic ie nc y for  ex trac ti ng GW  is  onl y ie nc y for  ex trac ti ng GW  is  onl y 
28%28%

Source: McKinsey Report; 
Charting our Water Future - 2030  



Source: McKinsey Report; 
Charting our Water Future - 2030  

Resource SustainabilityResource Sustainability

Fresh W ater Recycled W ater

– Source Availability and location – Captive Resource

– Allocation (reservations for 
various Applications)

– No issues with Allocations

– Interstate Disputes – No Interstate Disputes

– Increased O&M –Theft, 
pipeline management

– Reduced O&M, Short 
distances, 

– Higher Cost to Industries – Lower Cost to Industries

What are major concerns on Reuse WaterWhat are major concerns on Reuse Water
uu Usage Type of recycled water?Usage Type of recycled water?

uu Availability of Treatment Technologies?Availability of Treatment Technologies?

uu Operability and Reliabilit y?Operability and Reliabilit y?

uu No Confidence in Gov. or private O&M operators?No Confidence in Gov. or private O&M operators?

uu Consistently meeting water quality Standards?Consistently meeting water quality Standards?

uu Health Issues? or Health Issues? or 

uu Plain and simple Plain and simple –– ““Mind Mind -- PsychologyPsychology””



Important Issues to be AddressImportant Issues to be Address

uu The ProblemThe Problem
uu Source W ater QualitySource W ater Quality
uu Regulatory and performance complianceRegulatory and performance compliance
uu Contingency planningContingency planning
uu Distance of bringing raw waterDistance of bringing raw water
uu Pumping head required and cost of producing Pumping head required and cost of producing 

the treated waterthe treated water
uu Subsidy issue Subsidy issue –– Industrial v/s domestic costsIndustrial v/s domestic costs
uu ConflictConflict
uu PoliciesPolicies
uu Perception, Risk and Branding Perception, Risk and Branding 

Reuse CategoriesReuse Categories

uuUnrestricted Urban ReuseUnrestricted Urban Reuse

uuRestricted Urban ReuseRestricted Urban Reuse

uuAgricultural Reuse for Food and NonAgricultural Reuse for Food and Non--
Food CropsFood Crops

uuRecreational ImpoundmentsRecreational Impoundments

uuIntrusion BarrierIntrusion Barrier

uuEnvironmental WetlandsEnvironmental Wetlands

Reuse Categories (continued) Reuse Categories (continued) 

u Industrial Reuse
u Groundwater Recharge
u Indirect Potable Reuse

- Spreading Basins
- Injection
- Surface Water Augmentation

u Direct Potable Reuse

Recycle and ReuseRecycle and Reuse
-- Balancing ActBalancing Act
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Membrane Contaminant Remov alMembrane Contaminant Remov al

Rev erse  
Osm osi s
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Effectiv eness of Membrane Treatment Effectiv eness of Membrane Treatment 
Target compound  WW TP 

infl uent ng/l  
Tertiary 

Effl uent ng/l  
MF  permeate 

ng/l  
RO permeate 

ng/l  

Acetamin oph en  1 420 0  2. 5 2.4  <1. 0  

And ro stene dione  52 5. 8 5.2  <1. 0  

Caf feine  3 250 0  <10  <10  <1. 0  

Carbamazep ine  78 19 1 7 <1. 0  
DEET  154  1 22 1 00 4.2  

Dila ntin  51 52 3 1 <1. 0  

Erythromycin -H 2O 79 <1 .0  <1 .0  <1. 0  

Estradio l  33 <1 .0  <1 .0  <1. 0  
Estr iol  137  <5 .0  <5 .0  <5. 0  

Estrone  49 <1 .0  <1 .0  <1. 0  

Fluoxe tine  10 8. 5 4.7  <1. 0  

Galaxolid e  931  5 44 6 17 <1. 0  
Gemf ibro zil  1 220  <1 .0  <1 .0  <1. 0  

Hy dro codon e  35 <1 .0  <1 .0  <1. 0  

Ib uprofen  2 270  6. 0 2.7  <1. 0  

Iop ro mide  17 42 3 4 <1. 0  
Meprobamate  124  75 6 7 <1. 0  

Musk Ketone  119  65 4 5 <1. 0  

Na pro xen  4 480  <1 .0  <1 .0  <1. 0  

Oxyben zone  657  5. 8 4.9  <1. 0  

Sulf ametho xazole  360  <1 .0  <1 .0  <1. 0  
TCE P  244  1 33 1 27 2.3  

Testo sterone  47 <1 .0  <1 .0  <1. 0  

Triclo san  564  1. 2 1.2  <1. 0  

Trimethoprim  213  <1 .0  <1 .0  <1. 0  
Sny der et  a l. 200 6a. Repr inte d f ro m De salinat ion, 20 2, Snyde r, S .A. , A. Adham, A. M. Red ding , F . S . 

Can non , J. DeCa rolis,  J.  Oppen heimer, E.C. Wert,  and Y . Yo on. Role o f memb ran es and a ctivated 
carb on in  th e removal o f En docr ine Disruptors and  Pha rmaceut ica ls, 1 56 -18 1 

Guidelines
Regulations

Hawai i

Alas k a

uu National average : 2. 3% of wast ewat er Reu seNational average : 2. 3% of wast ewat er Reu se

uu Regulation s/Rules by St ateRegulation s/Rules by St ate

uu Direct potabl e use not yet con sideredDirect potabl e use not yet con sidered

Recycle & Reuse Recycle & Reuse –– in United Statesin United States

Indirect Potable Reuse in FloridaIndirect Potable Reuse in Florida



Potable and Reclaimed Water Usage Potable and Reclaimed Water Usage 
City of St. Petersburg, FL City of St. Petersburg, FL (20 mgd (20 mgd -- 75 MLD)75 MLD)
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Ariake  Wastewater Treatment FacilityAriake  Wastewater Treatment Facility--
Tok yo Metropolitan Water AuthorityTok yo Metropolitan Water Authority



NEWater Factories NEWater Factories in Singaporein Singapore

Total Capaci ty: 92,000 Total Capaci ty: 92,000 mm33/day /day 

Supply to in dustrial/commercial sectorsSupply to in dustrial/commercial sectors

10% potable water su pply is reclaimed 10% potable water su pply is reclaimed 
waterwater

Worldwide Daily rates of Water ReuseWorldwide Daily rates of Water Reuse

Source: WERF Me mbrane Reuse Document - 2004

Country  Daily Rates of Water 
Reuse – 1000 cu m/day  

Reference  

Australia  368  Australia Bureau of Statis tics  
Bahrain  26  Ukayli and Husain ,  1988 
China  1380 Pinjing et al. , 2001  
Israel  958  Kabir, 2000  
Italy  106  Barbagallo et al ., 2001  
Japan  564  Ogoshi et al . , 2001  
Kuwait  227  Uitto and Schneider ,  1997  
Morocco  12  Sheikh , 2001  
Oman  68.5  Uitto and Schneider ,  1997  
Qatar  65  Uitto and Schneider ,  1997  
Saudi Arabia  595  Uitto and Schneider ,  1997  
United Arab Emirates  351  Uitto and Schneider ,  1997  
United States  3865 Solley et al . , 1998  
Yeman  68  Sheikh , 2001  
 

Water Issues Facing India Water Issues Facing India 

uu Drought Drought –– scarcity of su rface w ater scarcity of su rface w ater 
throughout the region. throughout the region. 

uu Unsu stainabl e wat er use practi cesUnsu stainabl e wat er use practi ces--
NRW/ UFWNRW/ UFW

uu Depleting groundwater resources/salinity Depleting groundwater resources/salinity 
intrusion.intrusion.

uu Insufficient infrast ructu re fo r  wast e Insufficient infrast ructu re fo r  wast e 
man agement.man agement.

Water Issues Facing India Water Issues Facing India 

uu Fire Fighting Fire Fighting –– project s under execution to bring project s under execution to bring 
water fro m distan ces in excess of 200 Km and water fro m distan ces in excess of 200 Km and 
above.above.

uu Unsu stainabl e practices to cope with the demand Unsu stainabl e practices to cope with the demand 
(conveyance through rail and ro ad). (conveyance through rail and ro ad). 

uu Scarcit y of resources Scarcit y of resources 

qq hamp er urb an development hamp er urb an development 

qq as well as public healthas well as public health
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Source: CPCB Report Series: CUPS/70/2009-10
STATUS OF WATER SUPPLY, WASTEWATER GENERATION AND TREATMENT IN CLASS-I CITIES & CLASS-II TOWNS OF 
INDIA 

Case Study Case Study -- Hyderabad ProjectHyderabad Project

uu Feasibility study on wastew ater recycling for Hyderab adFeasibility study on wastew ater recycling for Hyderab ad

uu Develop ment of Nu mber of Recycl e and reu se options with Develop ment of Nu mber of Recycl e and reu se options with 
Technical, Economi cal, Environ ment al An alysi sTechnical, Economi cal, Environ ment al An alysi s

uu SWAP (Freshwat er in exchang e for recycled wat er for SWAP (Freshwat er in exchang e for recycled wat er for 
agricultural under consideration by Govt. of A.P.)agricultural under consideration by Govt. of A.P.)



Locations of Potential ConsumersLocations of Potential Consumers

Proposed STP 
30mld

Existing STP 
20mld

Case Study Case Study –– Delhi Jal BoardDelhi Jal Board

uu To ev aluate technologies to retrofit existi ng 30 I MGD To ev aluate technologies to retrofit existi ng 30 I MGD 
portion of Ok hla STP for recycle and reuse of wastewa ter portion of Ok hla STP for recycle and reuse of wastewa ter 
for nonfor non--potable applicati onspotable applicati ons

uu Performance assessment of the 30 I MGD facilityPerformance assessment of the 30 I MGD facility

uu Define recycled wa ter quality goalsDefine recycled wa ter quality goals

uu Identify sui table technologiesIdentify sui table technologies
uu Technology ev aluationTechnology ev aluation

uu Recommendati onsRecommendati ons

Recycling prospects for OkhlaRecycling prospects for Okhla
uu Improved quality to existing end users Improved quality to existing end users 

(20 IMG D plant)(20 IMG D plant)

uu New pro spective end users New pro spective end users 

qq plant cap acit y 2 IMGDplant cap acit y 2 IMGD b ased on demand assessmentb ased on demand assessment

nn Okhla industrial areaOkhla industrial area

nn Nearby hospitals (Apollo, Escorts)Nearby hospitals (Apollo, Escorts)

nn Construction, nonConstruction, non--potable use e.g., Vehicle washingpotable use e.g., Vehicle washing

qq Upco ming townshipsUpco ming townships

qq Landscape irrigation in nearb y areasLandscape irrigation in nearb y areas

qq Industrial cooling water at NT PCIndustrial cooling water at NT PC’’ s power plant in Bad arpu r s power plant in Bad arpu r 
(special case, discussed sep arat ely)(special case, discussed sep arat ely)

MBR & RO Pilot PerformanceMBR & RO Pilot Performance

0.8 
mm 
screen

Flat Sheet Toray-
IonExchange MBR 

50 kL/day

MBR effluent 
Tank

Reverse Osmosis 
3 kL/day

BOD – 1 80  t o 2 25  mg /L

COD – 3 60  t o 5 00  mg /L

SS – 4 50  mg /L

TDS – 6 00  t o 9 00  mg /L

MPN > 1  mill io n/ 10 0 m L

BOD  < 2 m g/ L

COD – 8  t o 20 m g/ L

SS < 2 mg /L

TDS – 6 00  t o 9 00  mg /L

MPN < 1 0/ 10 0 m L

BOD – non de te ct

COD < 1 0 m g/ L

SS < 1 mg /L

TDS < 2 0 m g/ L

MPN < 2  / 10 0 m L



Case Study Nagpur Project Case Study Nagpur Project –– Reuse of Reuse of 
Wastewater for NonWastewater for Non--potable applicationspotable applications

US Filter US Filter –– Triv eni EngineerTriv eni Engineer’’s Pilot s Pilot ––
Nagpur Case StudyNagpur Case Study



Case Study Surat Project Case Study Surat Project –– Reuse of Reuse of 
Wastewater for NonWastewater for Non--potable applicationspotable applications



Suggested Financial Model for PPP 
- Project Implementation

STP 
Const ruction 

and 
Operation

SPV – SMC 
and Private 

operator
Recycled Water  To 

be used for no n-
pota ble applications

Stakeholders 
Equity

Debt 

R
epaym

ent

Initial assessment of Financial viabilityInitial assessment of Financial viability

qq Base case assumptionsBase case assumptions
•• Capex Capex –– Rs. 60 croreRs. 60 crore
•• O&M O&M –– 15% of capex + Rs. 3.5 15% of capex + Rs. 3.5 

crore for STP O&Mcrore for STP O&M
•• Concession period Concession period –– 30 years30 years
•• Debt Equity structure Debt Equity structure –– 70:3070:30
•• Escalation of base tariff Escalation of base tariff –– 5% 5% 

annuallyannually

qq A project IRR of 15% seems A project IRR of 15% seems 
achievable at Rs. 15 achievable at Rs. 15 --17 per KL at 17 per KL at 
the consumer level. the consumer level. 

Case Study Bangalore Project  Case Study Bangalore Project  –– Reuse of Reuse of 
Wastewater for NonWastewater for Non--potable as well as potable as well as 
Indirect Potable applicationsIndirect Potable applications

135 MLD Reu se P rocess Sch eme 135 MLD Reu se P rocess Sch eme –– Indirect Pot able useIndirect Pot able use
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Proposed Indirect Potable use Proposed Indirect Potable use -- BangaloreBangalore

Bangalore Pilot Experience Bangalore Pilot Experience 

Suggested Financial Model for Project ImplementationSuggested Financial Model for Project Implementation

Contractor

SPV

Water Board, 
Stakeholders and 

others

Recycled Water 
Revenue

Stakeholders 
Equity

Financial 
Institutions

Debt 
Repayment

Govt./ 
Donor Grant

Promoters of Recycled WaterPromoters of Recycled Water

Central Govt. or 
any State Govt.

SPV or 
any 

Water Board

Prospective 
Buyers

• Pol icy Development for  R&R
• Guidance Document w ith  legal &  

Institutional drivers
• Commercial /Fiscal  incentives
• Water Quality Regulation and  mo nitorin g
• Arbitrations
• Risk Management Framework

• Implementation  of R&R 
• Demand Assessment and Marketing
• Financial  and Institutional  framework
• Public  Awareness Campaign
• Water Purchase and Sale agree ments
• Water Quality Monitor ing
• Customer Service

• Commitment to use Recycled Water
• Infrastructure for use of Recycle water 

within their  premises. 
• Water Quality and Quantity Bench-marks.
• Point of use treatment if requ ired.
• Promotio n of Recycled water



Most Important of all Most Important of all ––
Public Inv olv ement and AcceptancePublic Inv olv ement and Acceptance

uu Identify stakeholders Identify stakeholders –– citizens, government, citizens, government, 
community leaderscommunity leaders

uu Get input early on to develop community Get input early on to develop community 
supportsupport

uu Projects developed with public in mindProjects developed with public in mind

uu More accepted projects with public More accepted projects with public 
understandingunderstanding

What are the Driv ers that turn people What are the Driv ers that turn people 
off towards any Reuse Project off towards any Reuse Project --
uu The Disgust or The Disgust or ““YuckYuck”” f acto r;f acto r;

uu Perception s of risk associ ated with using reu se w ater;Perception s of risk associ ated with using reu se w ater;

uu Specific u ses of recycled w ater;Specific u ses of recycled w ater;

uu The sources of water to be recycl ed;The sources of water to be recycl ed;

uu The issue of choice;The issue of choice;

uu Trust and knowl edge;Trust and knowl edge;

uu Attitudes toward s the environ ment;Attitudes toward s the environ ment;

uu Environment al justice issues;Environment al justice issues;

uu The cost of recycled wat er; and The cost of recycled wat er; and 

uu SocioSocio--demographic factors.demographic factors.



Public Participation Program for Public Participation Program for 
Water Reuse System PlanningWater Reuse System Planning

Specific 
Users 
Survey

Specific 
Users 
Survey

Alternatives 
Identification 
& Evaluation

Alternatives 
Identification 
& Evaluation

Project 
Imp lementation

Project 
Imp lementation

Customer-Specific 
Information  
Program(s)

Customer-Specific 
Information  
Program(s)

Customer-
Specific 

Workshops

Customer-
Specific 

Workshops

Preliminary 
Investigation
Preliminary 

Investigation
Public  

Notification/ 
Involvement

Public  
Notification/ 
Involvement

Plan of 
Study

Plan of 
Study

Plan 
Selection

Plan 
Selection

General 
Survey

General 
Survey

www.EPA.gov

Existing Standards for Reuse in India Existing Standards for Reuse in India 
(CPCB, MOEF)(CPCB, MOEF)

ClassClass Designat ed Best UseDesignat ed Best Use Crit eriaCrit eria

AA Drinking water source Drinking water source 
without conventional  without conventional  
treatment but after treatment but after 
disinfectiondisinfection

Dissolved Oxygen : 6 mg/ l or  more  Dissolved Oxygen : 6 mg/ l or  more  
Biochemical  Oxygen Demand : 2  mg /l  or lessBiochemical  Oxygen Demand : 2  mg /l  or less
Total Colifor m : 50 MPN/100 mlTotal Colifor m : 50 MPN/100 ml

BB Outdoor bathing Outdoor bathing 
(Organised)(Organised)

Dissolved Oxygen : 5 mg/ l or  more  Dissolved Oxygen : 5 mg/ l or  more  
Biochemical  Oxygen Demand : 3  mg /l  or lessBiochemical  Oxygen Demand : 3  mg /l  or less
Total Colifor m : 500 MPN/100 mlTotal Colifor m : 500 MPN/100 ml

CC Drinking water source Drinking water source 
with conventional  with conventional  
treatment followed by treatment followed by 
disinfection disinfection 

Dissolved Oxygen : 4 mg/ l or  more  Dissolved Oxygen : 4 mg/ l or  more  
Biochemical  Oxygen Demand : 3  mg /l  or lessBiochemical  Oxygen Demand : 3  mg /l  or less
Total Colifor m : 5000 M PN/100 mlTotal Colifor m : 5000 M PN/100 ml

EE Irrigation , industrial  Irrigation , industrial  
cooling  and control led cooling  and control led 
waste disposal waste disposal 

Electrical Conductiv ity : 2250 mhos /cmElectrical Conductiv ity : 2250 mhos /cm
Sodiu m Absorption  Ratio: 26Sodiu m Absorption  Ratio: 26
Boron : 2 mg/lBoron : 2 mg/l

Proposed Water Quality for ReuseProposed Water Quality for Reuse

UserUser Required Wat er Required Wat er 
QualityQuality Indian StandardIndian Standard

Agricultu ralAgricultu ral IrrigationIrrigation EE

Domesti cDomesti c Public accessPublic access CC

IndustrialIndustrial Per indust ry Per indust ry 
requirementsrequirements

Negotiate w/ Negotiate w/ 
industriesindustries

Groundwater Groundwater 
rechargerecharge

Indirect potabl eIndirect potabl e EE

Reservoir Reservoir 
RechargeRecharge

Indirect potabl eIndirect potabl e CC



If we Do not  Recycle & ReuseIf we Do not  Recycle & Reuse…………..

uu Poor W ater Availability Poor W ater Availability –– Poor Public HealthPoor Public Health

uu Increasing Cost for Water Supply Increasing Cost for Water Supply –– long distance long distance 
transportation with elevations.transportation with elevations.

uu Poor Economic Performance of ULBsPoor Economic Performance of ULBs

uu Interstate Disputes on Resource Allocation Interstate Disputes on Resource Allocation 

uu Unsustainable GrowthUnsustainable Growth

Way ForwardWay Forward
uu Provide incentives to Industries and Agencies using Provide incentives to Industries and Agencies using 

reclaimed water.reclaimed water.

uu Address legal and Institutional issues.Address legal and Institutional issues.

uu Develop State Specific Develop State Specific -- reuse Guidance Document.reuse Guidance Document.

uu Promote Recycle and Reuse Educational & Public Promote Recycle and Reuse Educational & Public 
Awareness Programs Awareness Programs –– for nonfor non--potable and indirect potable and indirect 
potable applications.potable applications.

uu Develop Funding Alternatives for Reuse ProjectsDevelop Funding Alternatives for Reuse Projects

Sewag e

Potable
Water

High Quality 
Reu se W ater for 
All applications 

Treatment for 
Recycle and Reuse

New Approach to Sustainability is to Convert 
Sewage Treatment Plants (STPs) into Water 
Factories to Achieve the Millennium Goal


