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 TERI has been identified as ‘Key
Resource Centre for water and
sanitation’ by Ministry of
Drinking Water & Sanitation
(MoRD).

- Water Laboratory (Environment
laboratory) has been recognized
(accredited) by MoEF under
Environment Protection Act (EPA).
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Water Resources Division: Thrus %/MMW

for a Sustainable Future

Water Resources Policy and Management (WRPM)

« Urban & Rural Water Supply & Demand Management
« Drinking Water and Sanitation

« Water Audits and Water Use Efficiency

« Water and Climate Change

 Water Quality and Pollution studies

 Water Conservation, Recycle and Reuse

* Integrated Water Resource Management (IWRM)

e Socio-economic Assessment

« Policy, Institutional and Regulatory reforms

« Outreach, Training and Capacity Building
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Center for Himalayan Ecology (CHE)

« Glacial studies (Glacier vulnerability assessment)
 Hydro-meteorological monitoring
 Mountain water resource management
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Global & Indian Scenario
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Water: Historical state

- Per capita water availability: 5177 m3(1951).... 2200 (1991)!
- Low per capita water storage capacity.

- Water quality of most Indian rivers: Class C

- Rural access to safe drinking water : 26.5% (1981)

Water resource potential

- Total average annual water resource potential in the river basins of
India: 1869 BCM

- Estimated utilizable flow excluding groundwater: 690 BCM (37%)
- Total annual replenishable groundwater resource: 433 BCM

- Total annual utilizable water resource of India: 1123 BCM

- Water storage capacity of India: 213 BCM

- Highly uneven water distribution: Most of the rainfall occurs in 3-
4 months of a year that varies between 100 mm (Rajasthan) to
10000 mm (Meghalaya)
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State of water resources: Global/rz

Total annual renewable water resources: Global
Most recent estimates (1985-2010)
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Increasing & competing demand

(Worldwide)
 Freshwater withdrawals are expected to rise by 2025
- By 50% in developing countries and by 18% in developed countries.

«  Worldwide, the volume of water used by industries is estimated to rise
significantly from 752 km?3/year (1995) to 1170 km3/year by 2025.
(Source: UNESCO World Water Assessment Programme, WWDR)

« Low & middle income countries expected to follow the growth pattern of
high income industries increasing their industrial water use over
agricultural use.

Domestic Use Domestic Use

8% 8%

Industrial Use
10%

)

Industrial Use
22%

Industrial Use
59%

Low and Middle

High Income Countries

World Income Countries
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Competing Water demand (BCM)
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Developmental stress on Waterj‘_esﬁj:@ﬁ%é

Over-exploitation of groundwater

: Significant increase in rate of groundwater development:
Stage of GW Development (India) 30% (1991) to 58% (2006): Recent — 63 %
: Alarming status of overexploited states.
Delhi (170%), Punjab (145%) « Comparative Trend of GW
Rajasthan (125%), Gurgaon (311%) abstraction (Select countries)

3
Depleting Groundwater (km/Year)

- Due to several factors like increasing no. of
bore wells, ineffective regulation, cropping

pattern, cross subsidies, increasing demand) May
further worsen under climate change scenarios
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Groundwater Abstraction/Dratt /

India . India
> ElockaiMandais/Talukas) - L B s
- 10% (550) remains semi-critical, - S (2004)
= 4% (226) remains critical and
- 15% (839) remains over =
exploited. - ; Figp
Worldwide: (Top 10; as on 2010) | S el Tl I
Country Abstraction (km?/year) ‘D ] : v ‘73/& \: ‘ :
1. India 251 : AT ;" -
2. China 112
3. United States of America 112
4. Pakistan b4
5. Iran 60
6. Bangladesh 35 ;
7. Mexico 29 $ '
8. Saudi Arabia 23
9. Indonesia 14 '*t
10. Italy 14

Source: WWAP; WWDR4 Source: Dynamic GW resources of India: CGWB. 2004
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Impacts on water resource."y,-

Declining water availability

Falling per capita water availability:

. 5177 m3 (1951)..to 1654 m3 (2008) ..to 1545 m?3 (2011)

- 1050 m3 (TERI estimates, 2006); “water stressed”

. Declining PCWA has put India on the verge of water scarce category by 2050

. Nine out of our 20 river basins with 200 million populations are already facing
“water-scarce” condition

Declining Per Capita Water Availability
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Per capita water storage capacity:
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India is far below at 213 m? as compared to countries like Russia

(6103 m3), Australia (4733 m3), United States (1964 m?3), and China

(1111 m3).

Comparative Per Capita Water Storage Capacity [Cubic Meter]
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Deterioration in surface water quality

Increasing trends of river water
pollution

— Rising trend of BOD

— Rising trend of bacteriological
contamination (Total Coliform)

Lakes & wetlands

«  Pollution observed for Loktak lake
(Manipur), Hussain Sagar lake
(Hyderabad), Renuka Lake
(Himachal Pradesh)

« Meghalaya and Tamil nadu show
heavy pollution for their wetlands.
Wetlands of many states are
moderately polluted.
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Water in most Indian rivers is not potable
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Water Pollution

N Deterioration in surface water
A quality

U\ India wide

\ N — Most of the river stretch
) o fall in Class ‘C’ & ‘D’
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Main pollutants of concern
(Affect drinking water

quality)

Groundwater contamination by Arsenic and Fluoride in India

- Fluoride: Rajasthan is worst

affected followed by Gujarat,
Orissa and Andhra Pradesh,

(Several other states)
- Arsenic: West Bengal, Bihar,

U.P and Chhatisgarh
- Nitrate & Iron: Several states

—a
m

- Inland Salinity: Mainly
northern & western states

—a
=

NMumber of disirids alfected

[Rajasthan, Haryana (10000
uS/cm ), Punjab and Gujarat]

- Coastal Salinity ingress:
Tamil Nadu & Mangrol—
Chorwad-Porbander belt
along the Saurashtra coast;
Orissa coast & Pondicherry
region.

- Heavy Metals & Pesticides

LY w;gj 4 g?;,x PEL A

|Ihll:l. of DEfkt atected by Fivodle Covtam ation ENo. of DBt AtfecEd By Sren ke Contam haton |
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Fluoride affected
areas in India

/  Sixteen S 66 million
States affected people at risk
- Bl Severy affected Moderately affected
' . Affected: Severity Data not available or
not well known not affected

Source: WHO
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Inadequate
availability and
poor quality at
source

ill-maintained
distribution
pipes & sewers

Open defecation
Waste disposal

Awareness on
sanitation &
Hygiene

Water Borne Diseases
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FIG 6: REPORTED MOREIDITY ON SELECT WATER BORNE DISEASES
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Industrial and domestic wastewater discharge

- CPCB (1994-95) survey of the total 644 class | and Il cities &
towns shows that of the total 71% wastewater collected only
31.5% was treated.

- Maharashtra, Delhi, Uttar Pradesh, West Bengal, and Gujarat
alone contribute 59% of the total wastewater generated in the
country.

- In 2007, the BOD load of the WW discharge in Delhi increased
by about 13% as compared to 2006 (Attributed to high
pollution discharge from the city or decrease in treatment
efficiency of the STPs)



Impact of Climate Change""'//m i

Creating Innovative Solutions
for a Sustainable Future

Impacts of Climate Change

» The impacts of climate change may further exacerbate the
situation. Some of the observations over the 20th century include
(IPCC, 2007);

 Increase in temperatures , Decrease in snow and ice cover
(Glacial melting), Rise in global average sea level rise (SLR), Rise
In Sea Surface Temperatures (SSTs), Increase in frequency and
Intensity of extreme events

»  Changes in precipitation/rainfall, its frequency and intensity.

« Directly affecting the runoff rates and thus the surface and
groundwater supply (availability & quality) to various sectors
including irrigation, domestic, industries etc..

NAPCC (National Water Mission) (Revised draft 2009)

» Conservation of water, minimizing wastage and ensuring its more
equitable distribution both across and within States through
integrated water resources development and management”
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NAPCC/ NWM ,—"/

NAPCC (National Water Mission)
(Five ldentified Goals)

O Comprehensive water data base in public domain and
assessment of impact of climate change on water resource,;

O Promotion of citizen and state action for water conservation,
augmentation and preservation;

 Focused attention to over-exploited areas

d

Increasing water use efficiency by 20%

- Develop guidelines; Recycling/reuse of water/wastewater,
Water positive/neutral technologies, Urban water supply
efficiency

« Develop guidelines for mandatory water audit

*  Pilot studies in collaboration with states by 2012

O Promotion of basin level integrated water resources
management
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Major Challenges



Major issues in Urban Water see(y,m,
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Ineq u |tab|e access Access to safe drinking water

- Access to safe drinking 190 " %0
water in Urban areas has &0 — 8828
Increased in last two decades R R
(96%; 2008). However, still £ i
about 5% lack access in 20 55 o
urban and 16% in rural (84%; r i
2008) _ 1981 2001

H Urban [ Rural

- High Disparity in per capita
water supply (Eg. Delhi 29 to
509 Ipcd); (India wide- 9 Ipcd
in Tuticorin to 584 Ipcd in
Triuvannamalai).

- Slippages!

Unsustainable & inefficient water-use
- Inconsistent supply (2-3 hours) with high leakages, thefts
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High UFW

- UFW (Unaccounted for water)
in Urban water supply:
(generally 20-50%); o
- NCR - 30-50% -
Metering .
- Very low coverage in metering. : ; - - o

Percentage unaccounted for water

- Many places no metering at all

A recent (2007) study by MoUD & ADB in 20 major cities of India shows an
average water availability of 4.3 hours/day, an average UFW of about
32% and average metered connection of only 24.5%
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Irrational Tariff

- Water tariff does not represent the actual O&M, social and environment cost of
water. Lack of ‘water pinch’.

. Bhopal (lowest tariff that can not cover production cost of Rs. 3/m?)- Rs. 0.6/m3
. Indore: Average tariff Rs. 2.79/ m3 against production cost of Rs. 13.18/m3
- Low billing & collection efficiency,

- High Staffing ratio (Bhopal (20.7), Indore (18.7), Mumbai (17.2)
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Major issues in Urban Watgr_se{y,m

Demand Supply gap

- Water demand will grow annually by |§ ‘
2.8% to reach a whopping 1,500
bcm (by 2030) while supply IS
projected at only about 744 bcm,
that is, just half the demand.

- Growing due to growing population
& urbanization, (Agri/food demand
etc.)

- Informal Market (water mafias)

Groundwater contamination by Arsenic and Fluoride in India

Water quality issues

- GW Contamination (Salinity,
TDS, Bacteriological, F, As,
Nitrate, Fe) & quality issues in
supply water

- VOCs, Pesticides, Heavy

Metals Lj,fy&x’jf /fjfjﬁfjf
- Poor bacteriological quality

Number of distrids affected

[mNo. of DEs ot Attt by Fnoikle Covtam hatos BNo. of D kit Affec® d by Ared ke Contam haton |
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Population

U(l;)rovytht_& Globalization
Increase on IRANSAIO and Economic

fuel cost Development

Risks/

Deterioration Governance &
in Privatization
Infrastructure

Advancement _
in Climate

Technologies Changes in Change
Public

Behaviour
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Challenges to water source-s""/%,?/,;

Factors stressing water sources

Increasing
population Changing climate

Encroachment of resulting in

existing water bodies unreliable
precipitation

Competing claims Vulnerable === Changes in land-use
from across sectors Water source pattern

Source: UNEP, 2009
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Service Level benchmarks (SLBs)
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Service Level Benchme tef

Indicator Benchmark

Water Supply
1. |Coverage of Water Supply connections 100%
2. |Per Capita Supply of Water 135 Ipcd
3. |Extent of Non-revenue Water 15%
4. |Extent of Metering 100%
5. |Continuity of Water supplied 24 Hours
6. |Efficiency in redressal of customer complaints 80%
7. |Quality of Water Supplied 100%
8. |Cost Recovery 100%
9. |Efficiency in Collection of Water Charges 90%
Sewerage

1. |[Coverage of Toilets 100%
2. |Coverage of Sewerage Network 100%
3. [Collection efficiency of Sewerage Network 100%
4. |Adequacy of Sewage Treatment Capacity 100%
5. [Quality of Sewage Treatment 100%
6. |Extent of Reuse and Recycling of Sewage 20%
7. |Extent of cost recovery in waste water management 100%
8. |Efficiency in redressal of customer complaints 80%
9. |Efficiency in Collection of Sewage Water Charges 90%
Storm Water Drainage

1. |[Coverage 100%




Service Level Benchmarl_gs,(@w%
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National Gap in service,

Water Supply Benchmark | Average % or %o points
Water supply coverage 100% 63.7 36.3

Per capita supply 135LPCD 123.7 8.4

Non revenue water 15% 41.8 20.8
Consumption metering 100% 34.6 654

Continuity of supply 24x7 4.7 80.0

Quality of water supply 100% 01.2 8.8

Cost recovery in water supply 100% 68.6 314

Collection efficiency 100% 63.8 36.2

Complaints redressal 80% 77.8 2.2
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Water Supply Norms (Indla//

Per capita supply norms- CPHEEO & MoUD

S. | Classification of Towns/Cities Recommended Water

No Supply Levels (Iped)

1. | Towns provided with piped water but without | 70

SCWETage E}’STEI]]

|

Cities provided with piped water supply where | 135

sewerage systems 1s existing/contemplated

3. | Metropolitan & Mega cities provided with piped | 150
water supply where sewerage system  1s

existing/contemplated

Figures exclude “Unaccounted for Water (UFW) " which should be limited to 15%.
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Water Quality StandafdSs== 7

Water Quality Standards

Bureau of Indian Standards (BIS):
- 1S 10500 (2012): Drinking Water (64 parameters)

- CPCB
- Wastewater Discharge Standards
- Water quality criteria (based on designated best use)
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Major Programs and Initiatives



Government Responses j/’{f’f’m

Major Programs (Urban Sector)

- Pollution control: Surface water: GAP (Ganga Action Plan); YAP
(Yamuna Action Plan), NRCD.

- Regulation: Water Policy (2002), Groundwater regulation; Water
(prevention & control of pollution) Act, 1974; Environment Protection
Act (1986), NAPCC (NWM) 2008.

- Rajiv Gandhi National Drinking Water Mission (RGNDWM),
ARWSP (Accelerated rural water supply project)

- JNNURM (Jawaharlal Nehru National Urban Renewal Mission):
Covering 63 cities across India above one million population including
35 metro cities and other State capitals (Period 2005-2012). INNURM
encourages ULBs to access market-based financing and PPP for
urban infrastructure projects that are funded by the Mission.

- UIDSSMT (Urban Infrastructure Development Scheme for Small and
Medium Towns): for the remaining 5098 towns having population less
than one million to cover all the towns as per 2001 census. (An
extension of AUWSP- Accelerated Urban Water Supply Project, 1994)

(Gol formulated PPP guideline for Urban infrastructure particularly
Water supply & sanitation (March, 2004))



Public Private Partnership j/ﬂm

PPP (Public Private Partnership):

«  The underlying policy rationale is by and large of using PPPs to
substitute capital investments by the state.

Initiatives by Gol

«  Setup PPP cell under the DEA (Dept. of Economic Affairs) to
administer proposals and promote PPPs,

* Incorporated project finance company (India Infrastructure Finance
Company Limited) to provide long term finance

«  Created Viability Gap Fund (VGF) facility to address financial viability
of projects that are economically justifiable but commercially not viable
In immediate future.

Formation of inter-ministerial group to determine pre-qualification,
preparation of PPP toolkit; and Model Concession Agreements

Present focus of many state governments in India are on

— Transport sector (ports, airports, roads, and rail), Telecom and
Energy, Water & Sanitation and Other urban infrastructure (solid
waste management, light rail, bus terminals).



PPP: Examples in watel A
- e

India Water Sector PPP Projects: (Some Examples)

Mode Project

Construction cum BOT Contract Alandur Sewerage Project

Joint Sector Company Tirupur and Visakhapatnam Water Supply
Management Contract Jamshedpur Utilities & Services Co. (JUSCO)
Performance Based Service Contract Navi Mumbai

Service Contract Chennai

Tirupur Water Supply and Sewerage Project

—  To develop water supply infrastructure on a BOOT basis to draw raw water
and distribute it to industrial and domestic sector

Alandur Under Ground Sewerage Scheme (UGSYS)

= Pubic participated in the sewerage scheme by financial contribution to
project through upfront payment of service connection

Chennai Desalination Plant

—  Chennai Water Desal Ltd. Setup to implement 100 MLD seawater plant on
DBOOT basis for 25 years

JUSCO Water Supply

- JUSCO entered a tripartite contract with the Mysore City Corporation
(MCC) and the Karnataka Urban Water Supply and Drainage Board
(KUWSDB) for distributing water to Mysore city from the Cauvery River.
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Thank You

Contact Detalls:

Anshuman

Associate Director

Water Resources Division

The Energy and Resources Institute (TERI)
India Habitat Center, Lodhi Road, New Delhi-03.
Ph: +9111 24682100 (Ext: 2304)

Mobile: (+91)9899809115

Email: anshuman@teri.res.in
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Concept & Procedures



Water Audit; Con

Water Audit Is a guantitative and
gualitative analysis of water

consumption/use to identify losses
and options for water conservation by
means of recycling and reuse of water.




“What gets measured,
gets managed”

Wafter Audlts should become roufine
exercises and must be institutionalised



Water Audits /’/,
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* Municipal systems/ local public utilities
* Industrial process operations
* Residential Water Audits

« Agriculture Water Audits



Methodology

Desk review and scoping exercise

v

Secondary data collection
(For plant water use)

Reconnaissance survey
(Walk through the plant)

Flow measurement & establishing
plant water balance

- Flow monitoring & validation
- Assess use, distribution/storage, discharge
- Loss estimation, SWC, Benchmarking

Water quality monitoring &
characterization

- Water sampling & field monitoring
- Laboratory testing of water samples
- Characterisation, treatment efficacy

I

Zero discharge etc.

Data analysis and recommendations for water management
o [dentification of interventions for water conservation, recycle/reuse,

o Development of water management framework
o  (Cost benefit evaluations & recommendations

% 7%
44
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Water Balancing

(Evaluation of water quantity and availability)
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Flow Measurement | "’//W

Depends on type of source...
...(Open channel, Closed conduit)

. Measurement in open channels
(Wiers, V-Notches, Current meter)

« Velocity area methods

. Electro magnetic probe method
Venturi meters, Pitot tubes

. Flow meters (Ultrasonic)

. Domestic water meters s ol

. Bulk meters Tnsine o mecsrementfecn
. Special methods for flow measurement 3

« Bucket and Stopwatch estimation
« Volume/Frequency estimation

Flowmeter Transducers
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Water Quality



 Grab/Composite Sampling & monitoring

« Testing (relevant parameters of drinking water,
Wastewater discharge etc.)

« Compliance & regulation (BIS 10500;
CPCB/SPCB etc.)

* Opportunities for reuse/recycle

« Standard
Methods :
APHA: BIS




Water Audit: Case Study

Thermal Power Plant




Scope of Water Audit

Establishment/investigation of water supply
& distribution network,

Establishment of complete water balance

(Including the raw water, clarified water, DM
water, drinking water system,; circulating water,
fire water, service water, cooling towers, ash
handling water, drain/sewage, residential
colony drinking water etc.)

overall water consumption
Characterization of water quality

Cycle of Concentration (COC),
specific water consumption.

leakages and losses

scope for water conservation
recycle and reuse.

»
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Approach & Methodology tef
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Secondary data collection [ » Reconnaissance survey
I |
. 4
Flow monitoring and establishment | Water Quality Monitoring &
of water balance Characterization
e Entire water supply network of e Water sampling (at various
Stage-l, Il & il locations at Stage-l, Il & Il eg. for
e Drinking water supply and Intake Water, Process Water, OAC,
sewage water discharge from Drinking Water, and Wastewater
township. discharge)
e Leak detection & estimation of e Laboratory testing & analysis
UFW
e Estimation of cycle of
concentration (COC) and water
consumption/MWH

h, A

Data analysis & Recommendations
for water & wastewater
management




Establishment of Water Balance
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Stage-IV

R & Filter House |
S
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Fire Fighting
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DM water \
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(1% Ash Handling
1.42

(29.6%)

Cooling Towers
2.51
(62.4 %)

Actual Overall Specific Water Consumption — about 5 m3/MW
Scope for optimizing (Achievable SWC) — 3 m3/MW
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* Immediate saving potential of about 23% of total
Intake water

= Atotal overall water saving potential was about 60%
of the total intake water (freshwater) of the entire
plant.

= Significant financial savings from water saving
Interventions of about INR 7-9 Crores.

= Cost benefit of water recycling system was
positive with a payback period of just 2.3 years.
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Demand Supply analysis
Total water availability at NDLS; 5.6 Estimated current demand at NDLS;
MLD 8.0 MLD
l Estimated current
Water for potable Estimated Water for non-potable use; [, demand
use current 1.4 MLD 3.4 MLD
demand
4.2 MLD R Estimated
4.6 MLD Washing of coaches and current
> washing lines; N ek Ll ]
1.1 MLD MLD
Washing of platforms, Estimated
|_,| apron,circulation area current le—
and Horticulture; demand; 0.6
|:| Estimated current water utilization 0.1 MLD MLD
|:| Estimated demand = Losses; 0.2 MLD | Losses; 0.4 [T
MLD FIGURE 5.2 WASTEWATER RECYCLING PLANT USING BIOLOGICAL PROCESS

It was estimated that implementation of the recycling system
will lead to saving of around 0.23 MLD of water at one cluster
of washing line. By recycling wastewater from all washing
lines around 1 to 2 MLD of water can be saved which can
meet almost 45%-60% of the demand supply gap for potable
water by reducing fresh water requirements
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Thank You

Contact Detalls:

Anshuman

Associate Director

Water Resources Division

The Energy and Resources Institute (TERI)
India Habitat Center, Lodhi Road, New Delhi-03.
Ph: +9111 24682100 (Ext: 2302)

Mobile: +91 9899809115

Email: anshuman@teri.res.in
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Enhancing water-use
efficiency of thermal power
plants in India: need for
mandatory water audits

Introduction

With its continuously declining per capita water availability (from about
5,177 m?in 1951 to 1,654 m?in 2007),' India stands water stressed’
and is close to being categorized ‘water scarce’.’> Water demand in
India is expected to grow annually by 2.8 per cent to reach |,500 bcm
(by 2030) while the current supply is only about half (viz.,744 bcm).*

The Government of India, in its National Water Mission (NWM)
under the National Action Plan on Climate Change (NAPCC), has
emphasized the need to develop a framework for optimizing water-
use efficiency by 20 per cent, through regulatory mechanisms with
differential entitlements and pricing. It further emphasizes the need
to focus on integrated water resource management through water
conservation, wastewater minimization, etc. This would require
various sectors, including industries, to optimize their practices
ensuring conservation, recycling, and reuse.

Challenges to industrial water use in India
Agriculture is the largest consumer of water in India, and in 2010, it
accounted for about 85 per cent of the total demand, followed by
industry at 9 per cent, and the domestic sector at 6 per cent.’

Water requirements of various sectors of Indian industries had almost
doubled during the last decade and are expected to increase more than

! Central Water Commission, National Institute of Hydrology. 2008. “Preliminary consolidated
report on effect of climate change on water resources”. New Delhi: Ministry of Water
Resources.

2 Asituation of per capita water availability falling below 1,700 m?.

3 Asituation of per capita water availability falling below 1,000 m?.

4 2030 Water Resources Group. 2009.“Charting our water future: economic frameworks to
inform decision-making”, Executive Summary.

* Infrastructure Development Finance Company (IDFC). 201 |. Water: policy and performance
for sustainable development, India Infrastructure Report 201 I. New Delhi: Oxford University
Press.

EDITOR
R K Batra
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threefold by 2050.¢ Various industries require large
quantities of water for their manufacturing processes,
while at the same time discharging significant volumes
of wastewater. In view of their corporate structure,
technical know-how, etc., industries are better placed,
compared to other sectors, to improve water-use
efficiency and reduce consumption in the short run.
Table | provides the water consumption pattern of
various industrial sectors.

In view of the very high share of water consumption
in thermal power plants, this policy brief highlights
the water-use scenario in this sector and emphasizes
the need for third party/mandatory and regular water
audits, along with the setting up of water consumption
standards in the power sector.

Power generation scenario in India

The total power generation capacity of India (as on
31 March 2012) was 199,627 megawatts (MW), of
which thermal power generation accounted for 66
per cent, followed by hydro (20 per cent), renewable
energy sources (12 per cent), and nuclear (2 per cent).
Coal accounted for 85 per cent of the total fuel supplied
to thermal plants as shown in Figure |.
Between 1947 and 2012, the total
generation capacity has increased from 1,362 MW to
199,627 MW. This high growth is expected to continue

TABLE 1 Industrial water use in India

power-

Sector Percentage of water consumed
Thermal power plants 87.87

Engineering 5.05

Pulp and paper 2.26

Textiles 2.07

Steel 1.29

Sugar 0.49

Fertilizer 0.18

Others 0.78

Total 100.00

Source Centre for Science and Environment. (Figures based on wastewater
discharge data published by Central Pollution Control Board[CPCB] in “Water
quality in India (status and trends) 1990—2001". Available online at http://
www.cseindia.org/dte-supplement/industry20040215/misuse.htm. Last
date of access: 22 October 2012)

¢ Indiastat.com. Also, Central Water Commission, 2008.
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Total thermal power generation
capacity= 131,353 MW

Gas, 18,131 MW
(14%)

Diesel, 1,200 MW
(1%)

Coal, 112,022 MW
(85%)

FIGURE 1 Share of fuel (coal, gas, and diesel) in thermal power

generation of India
Source Central Electricity Authority (CEA), 2012.“All India region-wise

generating installed capacity (MW) of power utilities including allocated
shares in joint and central sector utilities”. Available at http://cea.nic.in; last
accessed in March 2012.

in the future. It is of significant importance to focus on
water-use efficiency of thermal power plants, especially
coal-fired power plants, while reforming the power
sector in India.

BOX 1 Shut down of Chandrapur Super Thermal Power Station

Maharashtra’s Chandrapur Super Thermal Power Station (CSTPS),
one of the largest power generation plant of Maharashtra State Power
Corporation Ltd, was forced to shut down on 15 May 2007 due to an
unprecedented scarcity of water.

Chandrapur district was severely hit by insufficient rains during the
previous year, leading to a sharp decline in the water level of the Erai
dam, which supplies water to the power station, besides also being
the source of drinking water for the city and the surrounding villages.
The situation led to closure of the power plant.

Water consumption by thermal power plants in India

A rough estimate based on 1999-2001 data from
Central Pollution Control Board (CPCB) states that
out of a total of about 83,000 million litres per day
(MLD) of water discharged by all the industries in
India, about 66,700 MLD (~80 per cent) is cooling
water discharge from the thermal power plants.
During the same period, it was estimated that for
every MW of power produced, Indian thermal power
plants consumed about 80 m* of water as compared
to less than 10 m® water consumption in developed
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nations. This is mainly attributed to the once-through
cooling system (open loop system)’ described later.

Process water use in power generation

Water is used for many purposes in a power plant,
such as in the cooling tower, condensers, DM (de-
mineralization) plant, drinking water needs, firefighting,
coal handling, ash handling, service water, and others.

Specific water consumption
Comprehensive information on the water consumption
of power plants in India is not readily available in the
public domain. However, a tentative study suggests
an example (as shown in Figure 2) of the break-up of
specific water consumption of a coal-based thermal
power plant with ash water recycling facility.?

It can be seen that cooling towers and ash handling
are the major water consuming areas and account for
about 70 per cent of the water use within the plant.

Case study of a water audit for a thermal
power plant in India: scope for improvement
Comprehensive water audits conducted by TERI at
some of India’s largest thermal power plants revealed

Cooling towers 1.5 (30%)
DM water 0.13 (2.6%)
Drinking water 0.32 (6.3%)
Coal handling 0.065 (1.3%)

Fire fighting 0.37 (7.3%)

Others 0.66 (13%)

Ash handling 2 (40%)

FIGURE 2 Specific water consumption of a coal-based thermal power

plantin India (m3/MW)
Source http://www.energymanagertraining.com

significant findings and immense scope of water savings
in the cooling towers, and ash handling systems apart
from wastewater drainage, township water supply,
etc. A summary of observations is discussed below.

Cooling towers

Cooling towers use a significant volume of water to
dissipate the heat of the hot water received from
the condensers.

There are two types of cooling systems in
conventional, coal-based (steam) thermal power
plants: ‘once-through’ and ‘closed-cycle’ systems.
Once-through systems are water-intensive processes
and require continual water flow, which is discharged
without recirculation/recycling after heat exchange
in the condensers. The water demands of the once-
through systems are considered to be about 30 to
50 times more than the closed-cycle systems.’

Once-through systems are becoming uncommon in
the world; however, in India, many plants still operate
the once-through cooling system. A rough estimate
by a study suggests that by converting all the thermal
power plants in India to closed-cycle cooling systems,
about 65,000 MLD of fresh water can be saved.'®

In a closed-cycle system, water is re-circulated
and treated; clarified water is added continuously
from the raw water treatment plant to make up for
evaporative and drift losses as well as for the loss
through the ‘blow down’ carried out to get rid of high
salt content concentrated in water during the process
of re-circulation.

Cycles of Concentration (CoC)

Since water is circulated many times in the closed
loop, the concentration of dissolved solids increases
over a period. The Cycles of Concentration (CoC) is
the ratio of dissolved solids in the circulating water to
the make-up water.

7 Center for Science and Environment. 2012. Down to Earth supplement. Details available online at http://www.cseindia.org/dte-supplement/

industry200402 | 5/misuse.htm; last accessed in May 2012.

& The information on the wastewater treatment/recycling for such a plant is not available from the study.

9

last accessed on 22 October 2012.

Center for Science and Environment. 2012. Details available at http://www.cseindia.org/dte-supplement/industry200402 | 5/industry-improve.htm;

!9 Centre for Science and Environment. 2012. Details available at http://www.cseindia.org/dte-supplement/industry200402 | 5/industry-improve.htm;

last accessed on 22 October 2012.
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Water audit in two thermal power plants revealed
that the CoC ranged between 2.0 and 3.5. There is
significant scope for improving the CoC initially to
around 4-5, and later to maybe something higher
(8 or even 10) by various interventions, including
the use of stabilizing chemicals and disinfectants,
thus saving a large quantity of fresh water needed as
make-up.

Ash handling

Apart from cooling towers, generally a large quantity
(about 40 per cent of the freshwater intake) is also
consumed in the ash handling process. Ash residue is
converted to slurry using freshwater and transported
to nearby dykes for disposal. The water is often not
recycled/partially recycled, leading to wastewater
discharge. Recapturing and recycling this water has a
significant potential for water savings.

Township water supply (drinking water and other uses)

During the water audits conducted by TERI in the
thermal power plants, the treated water supply to
township (for drinking and other domestic uses) were
observed to be about 211 times (~350 Ipcd to 1500
Ipcd, respectively) higher than the recommended
Indian norm of 135 Ipcd.”!

Firefighting

Ideally firefighting water should be used only in the
case of a fire emergency. However, it was found
that this water was used for sundry other purposes,
including floor washing, horticulture, etc.

Wastewater discharge

Through a combination of open channel and closed-
conduit measurements during the water audit, it was
found that a considerable amount of wastewater was
discharged into drains as waste. However, this water
had low TDS (total dissolved solids) content and
hence, with primary treatment, could be recycled and
reused in many processes, such as ash handing units,

coal handling processes, recirculation water, etc.
The potential for water saving each day was about
I8 per cent to about 26 per cent of the intake water,
which would in turn also ensure zero discharge within
the plant.

Other processes

Water is also lost in other phases of the power-
generation process. During the de-mineralization and
coal-handling processes, water is lost due to the ‘blow
down’ and other leakages.

However,itisevidentfromtheaboveexplanationsthat
if careful and regular accounting of water consumption
is internalized, significant water conservation can be
achieved on a regular basis in the cooling towers, ash
handling system, firefighting system, drinking water
supply, and wastewater discharges. However, in order
to achieve this, regular and mandatory water audits
of the entire power plant is of foremost importance.
Figures 3 and 4 are schematic diagrams showing water
flows through a thermal power plant before and after
implementation of a water audit.

Cost-benefit: various scenarios

Conversion to closed-cycle systems

Water consumption in a closed-cycle thermal
power plant and the associated cost of water would
be potentially less than the consumption in an open-
cycle system. A comparison is presented in Figure
5; it indicates that the total water consumption
in an open-cycle system could be to the tune of
173 million m*/year'? as compared to an observed
123.5 million m?/year in a closed-cycle plant (of
about 3,000 MW capacity) with an associated cost of
%69.1 crore/year and I49.4 crore/year, respectively.

Recycling drain wastewater

Water audit of closed-cycle thermal power plants (of
about 3,000 MW capacity) reveals that an immediate
intervention of recycling drain wastewater can save

" Central Public Health and Environmental Engineering Organization (CPHEEO). 1999. Manual on water supply and treatment. New Delhi: CPHEEO,

Ministry of Urban Development (MoUD).

12 At an assumed water consumption of about 40 per cent more than the closed-cycle system.
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FIGURE 5 Open-cycle versus closed-cycle: Major water consumption
areas and associated cost in a coal-based thermal power plant

- Cooling tower

(capacity 3,000 MW)
Note Values are indicative and in case of open-cycle systems,values are
assumed to be about 40 per cent more than the closed-cycle system

about 17.9 million m*/year with an associated financial
saving of about 7.2 crore/year.

Recycling of water used in ash handling and
reduction in cooling tower water consumption

In the long term, including recycling of water used
for ash handling as well as reduction in specific water
consumption of the cooling tower, a total of about
65 million m3/year could be potentially saved with an
associated financial saving of about 326 crore/year
(Figure 6 and Table 2)."3

With reference to item 3 from Table 2, a simple
cost—benefit analysis of recycling the wastewater (at
a conservative 80 per cent of about 60,000 m?/day of

Water consumption (m®/year)
(billion)
0.144

0.12+
0.10+
0.08+

Reduction

0.06 Reduction by 61%
by 40%
0.044 Recycling
Reduction (23,719,150m’/year)
o
0.024 by 67%

Reduction
by 62%

Cooling Ash Drinking
tower handling water

Wastewater Total

recycling from
plantand
residential colony

M Current actual water consumption
Il Water consumption after water saving interventions

FIGURE 6 Potential reduction in water consumption

the wastewater generated) was carried out as given

below:

= Rate of fresh water procured from irrigation
department = I4/m?

= Capital cost for setting up a 60-MLD recycling
plant = %13 crore'*

= Annual operation and maintenance (O&M) cost
(including cost of chemicals, manpower, and
electricity) = %168 lakh (say X1.7 crore)

= Annual savings on cost of procuring fresh water
(by recycling the wastewater discharged through
drain) = 7.2 crore.

Payback period

The payback period for the proposed wastewater
treatment and recycling system (ETP) = Capital

TABLE 2 Financial benefits of water conservation interventions

Potential watersaving | Potential savings in

S. No. | Identified interventions volume (million m3/year) | cost* (in< crore/year)
1 Potential saving if specific consumption of water in cooling towers is reduced from | 21.9 8.7

251015
2 Potential saving if water lost in ash handling is recycled (about 70 per cent) 20.6 8.3
3 Recycling wastewater from major drains of plant (adopting zero discharge) 17.9 7.2
4 Total (including plugging leakages and recycling township STP wastewater) 65.2 26.1
Note:* At the rate of current cost of procurement of freshwater intake

13 Actual figures may vary depending upon the technical feasibility from plant to plant.

!4 Indicative cost. Actual cost may vary with different manufacturers.
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cost of proposed ETP (b)/ {Annual savings on cost of
freshwater (d) — Annual O&M cost(c)}

i.e., the payback period = 13/(7.2 —1.7)= 2.36 years,
i.e., less than 3 years.

Benchmarking and specific water consumption

The overall specific water consumption of the audited
thermal power plant was found to be around 4.8 m®/
MW. However, with the observed scope of water
saving potential in areas, such as ash handling systems,
wastewater recycling, rational water supply, and
leakage management, a target benchmark of about
3 m3 /MW was likely for the plant.

Water audit outcomes from the audited plants
indicate that there is ample scope for improvement
in water-use efficiency. The need, though, is to initiate
mandatorywaterauditsforthelargerbenefitoftheentire
power sector. Such benchmarking and audits should be
regularly conducted for further improvements.

Recommendations

Itisevidentfromtheabovediscussionsthatwhilethermal
power plants are the largest consumers of water in the
industrial sector, the scope for water conservation is
high if a combination of interventions is implemented.
Most of the National Thermal Power Corporation
(NTPC) thermal power plants have adopted closed-
circulation-based cooling system, which reduces water
consumption. Despite this, the expenditure by NTPC
on water charges, cess, etc., has increased to almost
five times as the figures in Table 3 show.

Table 3 NTPC water charges (Z/crore)

Water charges | Water and environmental protection cess
2007-08 | 65.1 22.8
2008-09 | 93.2 25,5
2009-10 | 137.9 26.2
2010-11 | 307.0 38.6
Source National Thermal Power Corporation (NTPC), Annual Reports,
2007-08;2008-09; 2009-10; 2009-10.

From a national perspective, where alarge number
of power plants other than NTPC still function on the
once-through cooling system, there is considerable
scope to improve water-use efficiency and conserve
water resources.

Specific recommendations for power plants

Cooling system

= A once-through system of water usage in
should be
closed-cycle systems.

cooling  systems changed to
= CoGCs in cooling towers should be increased
throughinterventions, such as chemical treatment
(anti-sludging, anti-sepsis, acidification, etc.),
periodic maintenance of cooling tower (CT),
etc.!® The possibility of using dry or hybrid cooling
technologies to replace traditional wet cooling
towers should be explored in order to reduce

water consumption in a few specific cases.'¢

Ash handling

= Overflows should be recycled, leakages plugged,
and wastewater reduced. An estimate suggests
that for every one per cent of reduction in ash-
water ratio, there is a potential saving of 60 m?/
hr of water.!” Recycled ash-water could be utilized
for gardening, firefighting, and dust suppression in
the coal-stacking yard.

= Wet ash handling through slurry should be shifted
to dry ash handling by use of ‘hydro bins’ where
water is separated from the ash slurry within
the plant and the dry lumps are conveyed to the
ash dykes through conveyer belts. This would
significantly reduce the amount of water consumed
in ash handling units.

Firefighting water

Firefighting water must not be used for any other
purpose. It should be retained under pressure in fire
hydrants and pipelines for emergencies.

!5 Mian Xing. 2010. “Study on the water conservation management measures in thermal power plants”. International Journal of Business and Management.

5(3), March.

!¢ United States Department of Energy. 2006. Energy Demands on Water Resources, Report to Congress on the interdependency of energy and water.
17 “Estimate for a 210 MW thermal power plant”. Details available at http://www.energymanagertraining.com; last accessed on 22 October 2012.
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Township water supply (drinking water and other
uses)

The per capita water consumption has to be
rationalized in residential colonies and norms for
supply and tariffs set.

Wastewater

Wastewater should be treated and recycled to
achieve zero discharge and save on freshwater
intake. Township STP discharge water should be
reused, ensuring adherence to zero discharge. Figure
7 represents one of the possible treatment, and
recycling systems as an example.

Water audits

Regular water audits should be conducted as a matter
of corporate policy. To start with, a periodic annual
water audit can be initiated.

Automation

Automation should be introduced in water quality and
flow monitoring with a centralized control system and
management information system.

Policy recommendations

The 2002 National
the principles of water-use optimization,

Water Policy emphasizes
but
does not establish standards or provisions for its
enforcement. While there is a clearly set goal of
improving water-use efficiency by 20 per cent,
this is not supported by existing standards for
water consumption. Industry-specific wastewater
discharge guidelines need to be revised by an
independent body and adequate implementation
ensured by third party audits through independent
agencies. Water use standards that incorporate
the projected growth of the thermal power plant
industry and the rise in demand for water must
be established.

Need for establishing water use benchmarks

The Central Pollution Control Board (CPCB) has
set water quality standards for liquid effluents from
condenser cooling, boiler ‘blow down’, and cooling
tower ‘blow down’. However, there are no standards
for water consumption. Water-use benchmarks
that take into consideration technical feasibility,

reuse

Backwash Filter
(PSF)

Treated water
storage tank

Wastewater ¢ ............
inlet Pu%] ;
PP
Equalization tank Aerator tank
Sludge
disposal
/—\ Sludge
drying bed
Pump
Treated
waterfor +—

Clarified water
storage

Chlorination tank

Disinfection

FIGURE 7 Example of a possible wastewater treatment and recycling system
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economic feasibility, and present social constructs
must be established. This is to be preceded by
extensive water audits to enhance understanding of
all the systems.

Water balance studies

In order to establish technically feasible benchmarks,
the current scenario of water use in thermal power
plants needs to be carefully studied on a priority
basis. Detailed information on existing raw water
use, manufacturing processes, and type and quantity
of wastewater generated in the power generation
process needs to be collected through initial water
balance studies through water audits. Once this
information is available, the sources where most of
the water loss occurs can be identified.

Economic viability

Once the sources have been identified, various
water-saving methods and wastewater treatment
alternatives can be proposed. Their applicability
should be studied through a detailed cost-benefit
analysis. This will help ensure that established
water-use benchmarks are economically viable for
the industry.

It is important that water be charged to all
the power plants at feasible rates to promote
water conservation.

Social viability

Comprehensive water use benchmarks must also
consider social viability. Thermal power plants must
provide adequate effluent treatment to protect
their surrounding environment and neighbouring
population, and to ensure provision of safe drinking
water to workers.

Itisalso important that the established benchmarks
factor in freshwater availability, so that thermal power
plants are able to regulate their water use without
causing or exacerbating water scarcity in the area.

Need for a Bureau of Water Efficiency

Water-use efficiency essentially should lie within
the purview of the Ministry of Water Resources.

However, since the functioning of power plants in
India is under the Ministry of Power, the task of
ensuring water audits and improving water-use
efficiency in power plants could be initially with the
Ministry of Power. In order to improve water-use
efficiency in the entire water sector (agriculture,
domestic, and industrial), one of the requisite key
reforms would be to set up a central monitoring
agency, viz., Bureau of Water Efficiency. Drawing on
the experiences from the Bureau of Energy Efficiency,
such an agency should train and certify water auditors
to carry out performance assessment of water-use
efficiency in all sectors and place the reports and
findings in the public domain.

Third party water audits to be made
mandatory

Once benchmarks for water use in the thermal
power plant industry are established, Third Party
Water Audits (TPAs) should be made mandatory for
all thermal power plants to ensure compliance with
the set water-use standards.

Trained and experienced water auditors who are
concurrently familiar with international best practices
and aware of local circumstances should conduct
these water audits to address the data gap on supply,
demand, and utilization. This monitoring of water
usage in thermal power plants can also help the plants
enhance their productivity whilst maximizing natural
resource availability, as TPAs can provide guidance
regarding technologies and measures, which could
improve efficient water usage.

Why third party audits?
The need for efficient water management has to take
centrestage in business planning by the industries.
Regular water auditing is essential for quantifying the
water use by industries in general and power plants
in particular, at various stages of production. It is a
critical tool to avoid water losses/wastage as well as
to identify, prioritize, and strategize areas of water
conservation and management.

Regulatory bodies and thermal power plants are
currently not equipped with trained professionals
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who have the expertise to regularly conduct such
water audits. Another advantage of TPAs is that
they can create a platform to share knowledge,
best practices, and benchmarks in other parts of
the world.

Benefits of water audits

Water audits, thus, help in the development of an
integrated industrial water management strategy,
which optimizes efficient use of water, improves
water productivity, reduces losses, and helps in
identifying alternative methods of water conservation.
It reduces specific water consumption and helps in
setting benchmarks.

There are three other benefits:

Policy relevance

= Improving water-use efficiency helps contribute to
the overall objectives of the National Water Policy
and National Water Mission.

= Mandating regular water audits through a policy
directive would ensure dynamic assessment of the
water-use efficiency in the sector and help regulate
and improve the water usage in the power sector
on a real-time basis.

Financial benefits

= Interventions identified through water audits

will require capital investments. However,
in most of the cases, such investments will
result in considerable savings in the cost of
procurement of freshwater with short payback
periods, thus, making it an excellent financially
sensible proposition.

s Plants with prior informed and incremental

investment in  water-efficient  policies and

technologies will benefit more compared to others.

Co-benefits
The most manifest co-benefit of water audits is the
conservation of energy and consequent monetary
savings, given that water is a critical part of the energy
value chain.
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Conclusion

Given the grim water scarcity scenario in India, water
intensiveindustries, suchasthermal power plants,must
focus on reducing water consumption and improving
water-use efficiency. Thermal power plants have a
very large potential and a corporate responsibility in
this regard. There is,therefore, a pressing need for
setting up a Bureau of Water Efficiency and making
third party water audits mandatory as early as possible.
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