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Summary

Wastewater irrigation is a common practice in devel oping countries of Asiaand Africaand also in
the water scarce regions of the developed world like Australia. In India, wastewater is used either
raw or partialy treated due to high treatment costs, whereas in Australia, treated wastewater is
recycled in agriculture and other sectors in water scarce areas and regions with severe restrictions
on disposal of treated wastewater effluents. In spite of ill effects of untreated wastewater on human
health and the environment, the practice continuesin India, as wastewater is highly reliable, nutrient
rich and provides year-round income, employment and food security to the urban and peri-urban
poor helping them escape poverty. Whereas in Australia, recycling is promoted to complement
existing water resources and reduce nutrient disposal into natural water bodies. While the problems
associated with wastewater reuse in India arise from its lack of treatment, in Australia often recycling
projects do not take off even when wastewater is treated to tertiary level, due to a number of reasons
like the “yuck factor”, high cost of supply, higher salinity than normal river water, lack of information
and trust in authorities. A number of issues related to wastewater reuse and recycling are yet to be
understood and researched. A literature review shows the following research gaps: to identify
opportunities and constraints to recycling; identify conditions required for wastewater markets to
function efficiently; test commercial feasibility for wastewater treatment and recycling, pricing and
supply mechanisms versus other options to complement existing water resources for urban areas,
need for a uniform international approach to assess the feasibility of recycling, while providing
flexibility for individual countriesto vary requirements to suit local circumstances of affordability
and risk; lack of decision support toolsto efficiently allocate water and wastewater resources among
different sectors, stakeholder objectives and priorities for wastewater recycling. With issues of climate
change, increases in urban population and increased demand for water from competing sectors,
wastewater recycling is becoming an important strategy to complement the existing water resources
for both developing and devel oped countries and there are lessons, experiences, data and technology
that can be shared for mutual benefit.






1. WASTEWATER — A GROWING RESOURCE

The use of treated, partially treated and untreated urban wastewater in agriculture has been acommon
practice for centuries in developing countries which is now receiving renewed attention due to rapid
urbanization. By 2015, 88% of the one billion-person growth in the global population will occur in
cities; the vast mgjority of this growth will occur in developing countries (UNDP 1998). An increase
in urban water supply ensures an increased wastewater generation, as the depleted fraction of
domestic and residential water use is only in the order of 15 to 25% (Scott et al. 2004: 2). The
growing wastewater volumes render a cheap and reliable alternative to conventional irrigation
systems. Figure 1 illustrates that increases in urban water supply coverage have been and will
continue to be the highest in Asiafollowed by Africa, where absolute population figures as well as
population growth are the highest. In this context wastewater is aresource that could be of increased
national and global importance, particularly in urban and peri-urban agriculture. Hussain et al.
(2001: 31) reports that at least 20 million hectares (ha) in 50 countries are irrigated with raw or
partially treated wastewater.
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FIGURE 1. Growth in urban water supply coverage by regions of the world. Source: Scott et al. 2004: 3

1.1 Areaunder Wastewater Irrigation

To date, assessments have been carried out in Pakistan, India, Vietnam, China, Mexico and Jordan.
In Pakistan an IWMI study estimated that there were 32,500 hairrigated directly with wastewater
(Ensink et al. 2004: 1-10). Strauss and Blumenthal (1990) estimated that 73,000 ha were irrigated
with wastewater in India. In Vietnam, at least 9,000 ha of land were found to be irrigated with
wastewater mostly to grow paddy and in and around 93% of the cities wastewater is used in
agriculture or aguaculture (Raschid-Sally et al. 2004: 81). In Ghana, it was estimated that if only
10% of the 280 million cubic meters (Mm?®) of wastewater from urban Ghana could be (treated
and) used for irrigation, the total areathat could be irrigated with wastewater alone could be up to
4,600 ha. At an average dry season farm size of 0.5 ha, this could provide livelihood support for
about 9,200 farmers in the peri-urban areas of Ghana (Agodzo et a. 2003). Mara and Cairncross



(1989: 187) estimated that 1.3 million hawere irrigated with wastewater in China. Scott et al. (2000)
has estimated that in Mexico, about 500,000 ha of land is under wastewater irrigation. Hussain et
al. (2001:31) report that at least 20 million ha in 50 countries are irrigated with raw or partialy
treated wastewater.

1.2 Rationalefor Wastewater Irrigation

Whether recycling will be appropriate in a given situation depends on the availability of additional
water resources, a desire or necessity to conserve rather than develop water resources, careful
economic considerations, potential uses for the recycled water, the strategy of waste discharge and
public policies that may override economic and public health considerations or perceptions
(Mantovani et al. 2001). There are many ill effects of using untreated or partially treated wastewater
like groundwater pollution, soil contamination, and the adverse effect on farmers and consumers of
wastewater products. In spite of these facts, wastewater is widely used as it supports livelihoods
and generates considerable value in urban and peri-urban agriculture. In many countries of the
developing world, farmers use wastewater out of necessity and it is areality that cannot be denied
or effectively banned (Buechler et al. 2002). Highly specialized farmers use every free space with
water access to cultivate cash crops. Although their plots are often small, irrigation (including with
effluents, no matter what level of treatment, if any), allows these farmers to escape from poverty
(Drechsel et a. 2002). Wastewater treatment in these countries is not possible due to low municipal/
government resources, and small, old or non-extendable sewerage systems.

1.3 Wastewater Usein Developed Countries

Wastewater reuse' is a common practice in developing countries of Asiaand Africa and wastewater
recycling? iscommon in water scarce regions of the devel oped countries such asthe Australia, Middle
East, south west of US, and in regions with severe restrictions on disposal of treated wastewater
effluents, such as Florida, coastal or inland areas of France and Italy, and densely populated
European countries such as England and Germany (Marsalek et a. 2002). Even in high rainfall
countries like Japan, whose mean annual precipitation of 1,714 millimeters (mm), urban wastewater
reuse is common due to high population density in some regions, which suffer from water shortages
(Ogoshi et al. 2001). The developed countries have generated techniques and guidelines for safe
reuse of wastewater, which can be adopted by the developing countries. After reviewing many
overseas recycling projects, Radcliffe (2004) concluded that worldwide, water reuse is becoming
an increasingly common component of water resource planning as the costs of wastewater disposal
rise and opportunities for conventional water supply development dwindle.

1.4 Quality of Wastewater

Wastewater, if treated appropriately, has the potential to be recycled in a number of sectors. Recycled
water can be treated to a number of different standards using different technologies depending on
the quality required. As the quality goes up, so does the costs and there is a decrease in the risk
(see Figure 2).

'Use of wastewater with no treatment or subject to primary treatment only
*Use of wastewater after secondary or tertiary treatment
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FIGURE 2. Stages in wastewater treatment.

Broadly, wastewater is treated to three levels, namely — primary, secondary and tertiary levels.
According to the Environment Protection Agency (EPA), they are defined as follows:

1. Primary treatment: Treatment involving sedimentation (sometimes preceded by screening
and grit removal) to remove gross and settleable solids. The remaining settled solids, referred
to as sludge, are removed and treated separately.

2. Secondary treatment: Generally, a level of treatment that removes 85% of Biological
Oxygen Demand [BOD] and suspended solids via biological or chemical treatment processes.
Secondary treated reclaimed water usually has a BOD of <20 milligrams per liter (mg/L)
and suspended solids of <30 mg/L, but this may increase to >100 mg/L dueto algal solids
in lagoon systems.

3. Tertiary treatment: The treatment of reclaimed water beyond the secondary biologica stage.
Thisnormally implies the removal of ahigh percentage of suspended solids and/or nutrients,
followed by disinfection. It may include processes such as coagulation, flocculation and
filtration.

1.5 Economic Char acteristics of Recycled Wastewater

Any good that is scarce and is something which one would choose more of if one could is an
economic good (Macmillan Dictionary of Modern Economics). Wastewater is an economic good in
developing countries like India, but may not be one in Australia yet, as people are not choosing
more of it at present. However, with emerging technologies, the scarcity of freshwater and changing
perceptions, wastewater may emerge as a valuable resource. According to Muir (2006), wastewater
will become scarce over time because of increased use or reduced discharge into sewers. Therefore,
he argues that authorities need to avoid “locking in” low value uses of recycled water and need to
take along-run view and develop mechanisms for alocative efficiency.

A number of factorsinfluence wastewater recycling. These include:

1. Centralized wastewater treatment systems, the location of the treatment plants, the
availability of spacein and around cities and the topography — al of these factors restrict
the use of wastewater to certain areas and for specific purposes. The high transportation
costs of the wastewater from treatment plants to the point of use may encourage use of



existing infrastructure (like irrigation canals) so that wastewater is increasingly used in
agriculture or on market gardens in the peri-urban areas of the city, rather than in households
or by industry.

2. There are substantial barriers to entry in the field of wastewater recycling. Wastewater is
often operated and owned by a single entity, like the Water Board or sewage treatment plant,
which is often the retailer. Also, wastewater recycling often requires a dual reticulation
system that is inefficient to duplicate (Muir 2006).

3. There are both positive and negative externalities associated with wastewater recycling.
The positive externality is: environmental benefits from reduced discharge of saline
wastewater into natural water bodies. The negative externalities include potential
groundwater pollution and increase in soil salinity if used for irrigation and potential
unknown ill effects on human health if used for potable uses. Recycled water could well
be subsidized to internalize the value transfer for costs avoided between those avoiding the
costs to those generating the benefit (users of recycled water). However, any subsidy may
well lead to an inefficient allocation of resources.

2. WASTEWATER RECYCLING IN AUSTRALIA

While the term “recycled water” isloosely defined, for the current research purposes, it only refers
to treated urban wastewater collected by the urban sewage system and transported to the wastewater
treatment plant of the city. Wastewater use in agriculture is a common phenomenon in developing
countries where more than 80% is untreated. Farmersin these countries face various health problems
associated with close contact to wastewater and over time the practice leads to a decrease in the
land productivity, due to increased soil salinity and loss a of cropping options. However, in developed
countries like Australia all the wastewater generated is treated according to Environment Protection
Agency (EPA) standards, beforeit is released into natural water bodies.

Wastewater recycling in Australia has resulted due to a combination of factors: urban
population increase, decrease in rainfall, environmental concerns, need for greener water strategies
and improved technology. In this section, we look at all these factors, research done in these
areas and some crucial data.

2.1 Population and Water Usein Australia

More than 80% of the Australian population (approximately 19 million) livesin cities that are within
100 kilometers (km) of the coast (WSAA 2005: 4). In spite of this fact, the water policy debate
has concentrated mainly on agricultural water shortages. This occurs because 67% of all water
extracted is used in agriculture and only 9% is used by households and 7% by the manufacturing
industry. Until the 1990s water authorities have kept pace with the growth in population and its
water requirements. However, in recent years the gap between supply and demand has grown and
the marginal costs of providing additional supplies arerising sharply. The population of Australia's
major cities is predicted to increase by 35%, or by 4.5 million people, by the year 2030 (ABS
2006). The combined impact of an increase in demand from population (see Table 1), allocating



more water for river health and possible decreases in water yields due to anticipated droughts and
climate change makes it necessary to manage both the supply and demand for water.

TABLE 1. Projected population and water consumption in Australia’s major cities. Source: WSAA 2005.

City Current Projected Increase Adjusted
Population population in (%) unrestricted
('000s) 2030 ('000s) consumption (ML/yr)
Adelaide 1,090 1,182 8 190,383
Brisbane 931 1,509 62 196,095
Canberra 357 486 36 51,208
Darwin 101 168 67 35,142
Gold Coast 472 800 69 69,899
Hobart 188 215 14 40,679
Melbourne 3,497 4,573 31 498,295
Lower Hunter 496 585 18 72,231
Perth 1,453 2,177 50 262,359
Sydney 4,189 5,592 33 647,158
Total 12,774 17,287 35 2,063,449

Water extracted in Australiais overwhelmingly dedicated to the agricultural sector. As shown
in the figures 3 and 4 below, urban water use, including household, manufacturing and other uses,
accounted for only 16% of the 24,909 Giga Liters[GL] consumed in Australiain 2000—2001. The
agricultural sector, by comparison, accounted for 67% of the water used. These figures give a
breakdown of water use in Australia, the proportion of urban water used by different user segments,
and how water is used by households. They illustrate where there is scope to reduce consumption
or reallocate resources to achieve improved water resource outcomes.

Others 9%
Services 3%
lectricity and gas 7%
Mining 2%
Manufacturing 3% %

Households 9%

Agriculture 67%

FIGURE 3. Water Use in Australia. Source: Chart data from ABS 2006.
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FIGURE 4. Urban Water Consumption (shown as a percentage of total consumption) in Australia.
Source: Chart data from ABS 2006.

2.2 The Urban Water Balance Sheet

Taking the current drought period as an opportunity, the urban water industry has developed water
resources strategies for each major Australian city. These strategies have a strong supply-side focus
and include interbasin transfers, accessing groundwater and desalination, sourcing water from water
markets and increasing the use of recycled water. However, as these strategies take some time to
implement, governments currently rely on demand-side programs to reduce per capita use, which
mainly involves improving water use efficiency.

The urban water balance (see Table 2) seeks to maintain equilibrium between increases in the
demand for water due to population growth and the potential reductionsin yield from existing water
sources, with additional and new sources of supply. Without the supply-side measures, this would
result in awater deficit of 854 GL by 2030 (WSAA 2005: 24). The limitations of relying on ongoing
water efficiency programs to close the gap between demand and supply-side measures — with both
new sources of water and alternative sources of water - are expected to enable Australian cities to
grow and prosper into the future. New sources of water include, the transfer of water from adjoining
catchments, accessing agricultural water through water markets, reducing water losses from runoff,
leakages and water |oss management, construction of desalination plants, expanding groundwater
sources, better use of existing dams that are currently not being used for potable purposes and
extracting additional water from rivers. Alternative supplies of water mostly involve recycled water
from wastewater and storm water that can be used as a substitute for potable water.



TABLE 2. The urban water balance sheet. Source: WSAA 2005: 25

Population Available Consumption Total
(millions) Water (GL) (GL) (GL)

Current

Population of Australian capital
cities (plus Gold Coast and L ower
Hunter region) 12.8

Yield 2,175
Unrestricted consumption 2,063
Existing surplus 111

Future - 2030
Population 17.3

Yield (25% reduction to account
for potential climate change
impacts) 1,631

Consumption based on 2004
per capita 2,811

Water deficit 1,180

Measuresidentified in urban
water strategies

New sources of water 684 - 496
Alternative sources of water 195 - 301
Water efficiency measures -326

Total 2,510 2,485 25

2.3 Current Wastewater Recycling in Australia

According to the Australian Bureau of Statistics (ABS), the volume of wastewater recycled has
increased by 300% since 1996-97. In 1996-97 there were 134 GL of water recycled in Australia,
making up less than 1% of the total water used that year. By 2000-01, this volume had increased
to 516 GL. However, this still accounted for less than 1% of total water use. Agriculture was the
largest user of recycled water in 2000-01, accounting for 423 GL or 82% of all recycled water
used in Australia. Currently in Australia, there are over 580 different recycled water schemes
operating. Approximately 230 schemes use recycled water in the urban environment (e.g., golf
courses and recreational parks). Another 80 are from the service industry (e.g., washing and cooling)
and an additional 270 are agriculture based (e.g., horticulture, forestry, pasture, cotton, flowers,
viticulture and cane) (ARRIS Pty Ltd. 2004). See Annex 1 for wastewater recycling projects in
Australiaand elsewhere in different sectors. Recycled water use could increase in the coming years.
Governments of different states have set ambitious targets to increase recycled water supplies (see
Table 3) as a substitute to potable water supplies.



Table 3. Recycled wastewater use in major Australian cities for 2005-06.

City Total Total Percentage Target
wastewater wastewater recycled (%)
treated (GL) recycled (GL)
Melbourne* 312 46.5 15% 20% by 2010
Sydney? 437 22 5% 16% by 2015
Adelaide? 70 14 20% 43% by 2025
Brisbane* 107 5 4.8% Target arising
from water planning
Perth* 117 6.2 5.3% 20% by 2012
ACT* 32 2.2 6.7% 20% by 2013
Major urban water utilities® 125 9% (Average)
Non-major urban water utilities® 42 23% (Average)

Source: Data collated from different reports on the websites mentioned below:
1 Melbourne Water http://www.melbournewater.com.au

2 Sydney Water, Sydney Water Annual Report 2006. http://www.sydneywater.com.au

3 SA Water, from the document titled “A thirst for change — water proofing Adelaide 2005-2025. A blueprint for the manage-
ment, conservation and development of Adelaide’s water resources to 2025. http://www.sawater.com.au
4Water ServicesAssociation of Australia National performance report for major water utilities. 2005-06. https.//www.wssa.asn.au/

frameset2.html

5 Water Services Association of Australia. First national performance report for urban water utilities. Mediarelease on 17 May

2007. https://www.wsaa.asn.au/frameset2.html

2.4 Key Driversfor Wastewater Recycling

A number of factors have driven the government/water authorities to consider and to invest in
wastewater recycling. The literature review reveals the following key drivers:

1. Limited and decreasing freshwater sources: Freshwater is alimited resource which has

increasing competing alternative uses for it. With frequent droughts and decreasing and
irregular rainfall patterns over the years (see Figure 5 below), the need to look for aternate
water sources has become imperative. The less expensive supply options have aready been

exhausted and access to new water sources involves increased incremental costs. Desalination

and recycling are emerging as the next mgjor optionsto fill the widening gap between demand

and supply (Hamilton et al. 2005: 185).
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FIGURE 5. Annual rainfall — 1985 to 2005. Source: Bureau of Meteorology 2006
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2. Environmental concerns. Of the 1,809 GL discharged by the water supply industry (ABS
2006), 68% was discharged to the sea, 31% discharged to inland surface water, with the
remaining 1% discharged to the groundwater (see Figure 6)

Although most water that is released into surface and groundwater is automatically recycled in

some form or other, water released into sea may not be. This implies a loss to the society as a
whole. Therefore, wastewater recycling supports the environmental cause by:

(& Minimizing the potentially negative impact of nutrients released into the natural water bodies
that come from water treatment plants;

(b) Substitution of water used in peri-urban agriculture and urban irrigation and the freeing up
of water for environmental purposes;

(c) Conservation of higher quality water for suitable uses; and

(d) Satisfying the demand from the general community to have greener water strategies and
water conservation.

3. Economic reasons. Wastewater treatment is an expensive process and cost recovery and
decreasing the burden of sewerage charges on urban dwellers could be an important driver
for wastewater recycling. Further, wastewater recycling is driven by the need to improve
the economic development of regions by creating employment and increasing the property
values. For example, in the Lockyer Valley proposal (South East QLD Recycled Water
Task Force 2003) the social advantages in employment and populations for the regions by
using reclaimed water and the financia gainsfor individua property owners through increase
in property value (of $0.8 million per property) were identified.

2.5 Quality of Wastewater in Australia

Wastewater, if treated appropriately, has the potential to be recycled in a number of sectors. Recycled
water can be treated to a number of different standards using different technologies depending on
the quality required. In Victoria, Australia, treated wastewater is again classified into classesA, B,
C and D (See Table 4) for more information on their quality and uses). Class A isthe highest rating
for recycled water used for non-potable supply and exceeds the guidelines recommended by the
World Health Organization (Radcliffe 2004). Class A recycled water is considered safe for use in
human food crops, including those eaten raw, whereas the least treated wastewater is class D, which
has limited use for irrigation of woodlots and flowers. The Biological attributes of wastewater may
not be relevant when this water is used in primary industries. However, the issues of salinity and
mineral content of treated wastewater is of concern to most primary producers as it might
significantly affect plant and soil health and over a period of time reduce the productivity of land.
Each recycling standard has a number of associated risks and its use should be based on sound
economic analysis that takes into account all the environmental and social externalities generated
from wastewater recycling.
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TABLE 4. Classes of reclaimed water and corresponding standards for biological treatment and pathogen reduction.

Water quality
indicative objectives
uses

Treatment processes

Range of uses — uses include all lower class

ClassA

<10 E.coli org/100 mL
Turbidity <2 NTU
<10/5 mg/L BOD/SS
pH 6-9

1 mg/L CI2 residual

(or equivalent disinfection)

Class B

e <100 E.coli org/100 mL
e pH 6-9

e <20/30 mg/L BOD/SS

ClassC

e <1,000 E.coli org/100 mL
e pH 69

e <20/30 mg/L BOD/SS*

Tertiary and pathogenreduction
to achieve:

<10 E.coli per 100 mL;

<1 helminth per liter;

<1 protozoa per 50 liters;
and<1 virus per 50 liters.

Secondary and pathogen(including
helminth reductionfor cattle grazing)
reduction’

Secondary and pathogenreduction
(includinghelminth reduction for
cattlegrazing use schemes)

Urban (non-potable): with uncontrolled public
access

Agricultural: e.g., human food crops consumed
raw

Industrial: open systems with worker exposure
potential

Agricultural: e.g., dairy cattle grazing
Industrial: e.g., wash-down water

Urban (non-potable) with controlled public
access

Agricultural: e.g., human food crops cooked/

processed, grazing/fodder for livestock
Industrial: systems with no potential worker

exposure

Class D

e <10,000 E.coli org/100 mL Secondary Agricultural: non-food crops including instant
e pH 6-9 turf, woodlots and flowers

e <20/30 mg/L BOD/SS

Source: EPA 2003

2.6 Government/Institutional Rolein Wastewater Recycling

Through various policy instruments and policy documents, the government implementsits decisions.
The various rules and regulations of the government are implemented through its various agencies
at the state and federal level. Last decade has seen significant reforms in water policy that have
been summarized in a number of works (McGuckian 2002; Radcliffe 2003) which have suggested
reformsin water pricing, institutions, irrigation systems, water allocation and entitlement (Tisdell
et al. 2002), anational framework for the implementation of property rightsin water and the need
for an integrated catchment-wide approach to water and land resource management (ESD 1991).
With the frequent droughtsin the last few years and the widening gap between the supply and demand
for water, various studies have been conducted and strategies have been devel oped to secure water
for Australia. A summary of the findings, plans and recommendations highlighted by various
documentsis provided below:

e A State of Environment report of the Department of Environment and Heritage (1996) noted
that sewage disposal was inadequate and the state regulatory bodies have emphasized the
need to reduce nutrients to coastal environments (Radcliffe 2003).

e A series of guidelines published under the National Water Quality Management Strategy
including Guidelines for Sewerage Systems and Effluent Management (ANZECC,
ARMCANZ and NHMRC 2000a, b).

e Establishment of a National Water Policy including State and local targets, with time frames
for effluent use, storm water retention and pollution removal, decentralized small-scale
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sewage treatment and reduced effluent discharge to oceans were recommended by a senate
inquiry into Australia' s management of urban water (Allison et a. 2002).

e In 2004, the Victorian government released a Cabinet White Paper with the specific aim of
securing the supply and use of the State’s water assets over the next 50 years which includes
recycled water in Victoria's water allocation framework.

The role of various government institutions related to wastewater recycling is as follows:

1. Environmental Protection Agency (EPA): EPA is responsible for the developing and
applying of best practice management guidelines for reclaimed water irrigation (EPA 2003).
The draft guidelines are developed on a systems view of the irrigation process, incorporating
arisk management approach. Performance outcomes for thirteen critical components of a
recycled water irrigation system covering the topics of reclaimed water, environmental, social
and economical factors are provided by the guidelines. For each factor, the guidelines list
desired results, probable associated risks, appropriate practices and monitoring required
(Kularatne et al. 2005: 15). Every reuse scheme requires the approval of the Department
of Human Services and the EPA and must show that appropriate safeguards are in place
before the reuse scheme is commissioned to ensure that the water quality offered to the
growers is ‘fit-for-purpose’. It is the role of the EPA to ensure that these guidelines are
effectively implemented. Thisis achieved by undertaking audits of selected reuse schemes
(random or priority site basis) and maintaining a database of al schemes throughout Victoria.
The EPA is also responsible for auditing and reviewing the effectiveness of these guidelines.
Reviews will occur from time to time reflecting up-to-date developments on the use and
management of reclaimed water in Australia and overseas. For complete guidelines for
Victoriavisit http://www.epa.vic.gov.au/water/reuse/default.asp

2. Department of Human Services (DHS): DHS is responsible for ensuring that Class A
reuse schemes do not pose a risk to public health. Given the potential lack of exposure
‘barriers’ in Class A schemes DHS involvement is to ensure that treatment plants produce
Class A reclaimed water. Unless Class A reclaimed water uses involve variations from this
guideline, the DHS is not required to endorse the aspects of an EIP dealing with end-use.
As such, the treatment plant commissioning and water quality verification aspects of Class
A schemes must be referred to the DHS for endorsement, prior to submission to the EPA,
Victoria, for sign-off.

3. Council/local government: Councils control development zoning, minimum subdivision Size,
infrastructure size, infrastructure provision, and land use controls. Depending upon the
selected application of the recycled water, a large recycled water development requires
approval from the council for setting up/construction of the required infrastructure for
recycling. Developments like farm forestry, aquaculture and structures for cut flowers require
devel opment consent from the council.
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2.7 Social Aspects of Wastewater Recycling

1. Yuck factor

The “yuck” factor or disgust in psychological termsis defined as the emotional discomfort generated
from close contact with certain unpleasant stimuli (Angyal 1941). The general community has openly
acknowledged that there is a psychological barrier to using recycled water on many occasions
(Melbourne Water 1998; Kaercher et a. 2003). According to the law of contagion (Rozin and Fallon
1987) any neutral object through brief contact with another object (e.g., hair in soup) may acquire
disgusting properties. Therefore, regardless of the highest treatment of the wastewater, people may
still perceive the water to be disgusting because the water has been in contact with human wastes
which results in disgusting stimuli. Also, Frewer et al. (1998) stated that people use their moral
and social values known as outrage factors to evaluate situations. Based on these outrage factors,
Po et al. (2004) suggests that people may perceive wastewater too risky to use because (1) the use
of this water source is not natural; (2) it may be harmful to people; (3) there might be unknown
future consequences; (4) their decision to recycle water may beirreversible; and (5) that the quality
and safety of the water is not within their control.

Studies conducted by Bruvold (1988), ARCWIS (2002) and Sydney Water (1999) showed that
the closer the recycled water isto human contact or ingestion, the more people are opposed to using
the water. Reuse decreased substantially as the use moved from public areas to inside the home,
and from toilet flushing, laundry, bathroom and kitchen uses to drinking. Introducing recycled water
on low or non-human contact use and gradually moving along the contact continuum is expected
to increase the acceptability of recycled water.

2. Acceptability of wastewater by the primary producers

Scarcity of water is assumed to trigger the demand for recycled water. However, according to
Kularatne et al. (2005: 17) the presence or absence of water is only one dimension of the problem
and wastewater recycling is influenced by a number of other factors like — the volume of water
available relative to existing supply, the timing of availability, the consistency and quality of supply
and the desire of suitably skilled and knowledgeable people to invest. In addition to this Kularatne
et a. (2005: 19) present anumber of socia aspects that influence the primary producers /landholders
decision to accept wastewater recycling which are as follows:

e Landholder’'s aspirations for their properties: The goals of the families of primary producers
are varied and may include financial security, environmental improvement, social approval
and personal ethical standards. The dynamic socia setting of aregion is aso supposed to
play an important role in the adoption of new technologies and all the “bigger decisions’
by farmers (Pannell et al. 2005). Real estate prices and the increasing demand for land
suited to lifestyle choices and not production will also influence landholders’ aspirations
for their properties.

e Landholder’s capacity to change: Doyle and Johnson (2005) found that farmers with a higher
risk tolerant attitude and flexibility to building farm equity may be more open to adopting
new technologies for water use efficiency. According to them farmers adopt new technologies
under these scenarios namely — adoption will provide measurable benefit; interventions are
in place to overcome any barriers that a farmer might face; mechanisms are used to alter
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the operating environment so that the consequences of adoption are preferable to the
consequences of non-adoption. A detailed analysis of how recycled water might change
existing farm management operations and business planning might be essential to reveal
the capacity for changing practices and associated resource use. While contemplating a major
change in the farming system, the landholder will actively seek information. The more serious
the consequences of a new practice, the stronger the need for information and confidence
about the outcomes (Pannell et al. 2005). Kularatne et al. (2005: 19) conclude that farmers
decisions to change production management or practices will be based on a complex and
interwoven series of contextual issues that span personal, family, economic and social goals.

e Landholder’swillingness to use recycled water: Adoption is based on subjective perception
or expectations rather than on objective truth (Pannell et al. 2005). The Virginia pipeline
Scheme, north of Adelaide initially faced significant customer resistance to paying the full
cost of recycled water and government equity effectively subsidized those that pioneered
shiftsin water use. As the customer confidence in the scheme increased, the pricing structure
for the water has been altered to reflect the true cost of providing the resource to the
customer. Farmer’s confidence in production yield and quality, income security, and
contractual supply chain issues may be more important than the potential for windfall gains
or high marginal returns. Incentives in the form of pricing, education and training
mechanisms are important introductory measures that assist with promotion of user
confidence.

e Landholder’s economic considerations: The economic driversfor using recycled water and
the economic impact it can make on individual farms can vary according to the scale of
farm production (i.e., small versus medium and large operations). In some cases, larger
the scales of operation, greater are the production benefits from new systems or technology.
Whereas in some cases, it may be beneficial for small or medium scale businesses to adopt
recycled water due to the lower impact of the overall on-farm infrastructure cost compared
to more extensive operations. Smaller scale operations may also limit costly negative
externalities. However, more research is required in this regard, since the exact on-farm
economic impact of using recycled water for individual farm businesses s currently unclear.

2.8 Costs of Recycling

The absolute as well as the relative cost of supply of recycled water to the suppliers and to the end
user areimportant components for the overall implementation and success of recycle water projects.
In aresearch carried out by ACIL Tasman Pty Ltd. (2005) for the Australian government, 58% of
respondents believe that the issue is “very significant” as an impediment to the use of recycled
water, while only 13% believeit is“insignificant” (see Figure 7). The demand for recycled water
use is influenced by not only cost of supply of recycled water alone but also the relative cost of
aternative sources of water.
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FIGURE 7. Cost relative to alternatives as an impediment to use recycled water.
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The ACIL Tasman Pty Ltd. (2005) study also revealed that 80% of the 45 stakeholders involved
in recycled water supply ranked the cost of the infrastructure among other impediments (see Figure
8) as avery significant impediment to recycling.

FIGURE 8. Impediments to supply — suppliers only.
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Further, looking at the demand side, the view of stakeholders on the relative significance of
various impediments is summarized in Figure 9. The most important impediment to use, as based
on responses to the survey, is the cost of recycled water relative to the cost of alternative water
sources. Approximately 60% of respondents identified this as a “very significant” impediment to
use. Therefore, many of the wastewater supply companies had to provide recycled water at subsidized
prices (see Table 5). Other impediments to use recycled water that were identified as important
include health concerns over the safety of using recycled water, and a resistance amongst users to
adopt change and use what is arelatively ‘new’ product compared to more traditional first-use water.

FIGURE 9. Impediments to use recycled water — all respondents.
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TABLE 5. Comparison of the costs of some recycled water schemes with the price charged and prices of drinking water.

Location Use of recycled water Recycled Real cost estimate Drinking
price/kL of recycled water water price/kL

Springfield, Residential—toilet flushing, garden 43c $1.45 Per quarter: 90c

QLD for 100-150 kL

Rouse Hill, Residential—toilet flushing, garden 28c $3.00-$4.00 98c

NSW

Olympic Park,  Residential supply—toilet flushing, 83c $1.60 (operating 98c

NSW garden, laundry costs only)

Mawson Lakes, Residential—toilet flushing, garden 77c Not available $1.03 for >125 kL

SA watering

Sources: Australian Academy of Technological Sciences and Engineering, ‘ Water recycling in Australia’, Melbourne, 2004; D. Hatton
MacDonald ‘ The economics of Water: Taking full account of first use, reuse and return to the environment’ CSIRO Land and
Water Client Report, Adelaide, 2004; A. Hurlimann, J. McKay, G. Geursen ‘Pricing of drinking water vs recycled water: fair
ness and satisfaction’ in Water, March 2005, pp.30-34.
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Treating wastewater to a high level, using secondary through to advanced processes, can be
very energy intensive. Wastewater recovery from water with less total dissolved solids than seawater
has lower energy costs for reverse osmosis.

Per kiloliter of potable water produced, the standard requirements for energy consumption are:

e 3to 5 kilowatt hours (kWh) for reverse osmosis of seawater (Water Corporation 2005),
e 0.41t00.6 kWh for conventional water treatment (Swinton 2005),
e 0.7to 1.2 kWh for brackish reverse osmosis (Swinton 2005), and

e 0.8to 1.0 kWh for wastewater reclamation (Swinton 2005).

Thus, the type of water targeted for reclamation as well asimproved environmental efficiencies
are important considerations.

3. WASTEWATER USE IN INDIA
3.1 Wastewater Volumesin India

Urban areas in India generated about 5 billion liters a day (bld) of wastewater in 1947 which has
increased to about 30 bld in 1997 (Winrock International India 2007). According to the Central
Pollution Control Board (CPCB), 16 bld of wastewater is generated from Class-1 cities (population
>100,000), and 1.6 bld from Class-2 cities (population 50,000-100,000). Of the 45,000 km length
of Indian rivers, 6,000 km have a bio-oxygen demand above 3 mg/l, making the water unfit for
drinking (CPCB 1998). An estimated 80% of wastewater generated by developing countries,
especialy Chinaand India, isused for irrigation (Winrock International India 2007). In India, where
wastewater is mainly used in agriculture, a policy framework covering the issues associated with
this practice is lacking. Strauss and Blumenthal (1990) estimated that 73,000 ha were irrigated
with wastewater in India. However, Buechler and Mekala (2003: 939) estimated that even just along
the Musi River, that runs through Hyderabad city in Andhra Pradesh State, and the canals and
tanks off this river, approximately 40,000 ha of land were irrigated with urban and industrial
wastewater diluted with fresh river water especially during the monsoon season.

Untreated wastewater from domestic, hospital and industrial areas pollute rivers and other
natural water bodies. More than 80% (only 4,000 Million Liters per Day [MLD] out of 17,600
MLD wastewater generated in Indiais treated) of wastewater generated is discharged into natural
water bodies without any treatment due to lack of infrastructure and resources for treatment
(Winrock International India 2007). Approximately 30,000 MLD of pollutants enter India’srivers,
of which 10,000 million liters are from industrial units alone (CPCB 1995). Farmers have
customary rights to any water that flows through the river and it should be the responsibility of
theirrigation and water authorities to maintain the quality of this water to ensure the sustainable
use of this water. The interviews held with farmers along Musi River in Hyderabad clearly
highlight that the wastewater quality is very poor and has adverse impacts on the health of farmers
and reduces soil productivity over time, not to mention the high water tables and groundwater
contamination in these areas. However, regulations related to water pollution in India are
incomplete (Buechler and Mekala (Forthcoming)). The Water Act covers industrial effluent
standards, but ignores the domestic and municipal effluents even though they constitute 90% of
India’ s wastewater volumes (Sawhney 2004: 26).
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3.2 Wastewater M ar ket

Pollution of both surface and groundwater sources and its associated problems, constitute one of
the biggest environmental problems of India. A report by Winrock International India (2007) states
that the market for adoption of advanced technologies for wastewater use arising from industries
and municipal corporations accounts for the largest percentage of the total environmental market
in India. A survey by the US Trade department reveals that the total market potential for water and
wastewater treatment including the requirements of Municipal and Industrial sectors is estimated
at US$900 million and is expected to grow at approximately 14% each year in the mid-term (Swiss
Business Hub India & Heinz Habegger, Baleco AG, Thun 2004). The survey further states that
industrial wastewater treatment accounts for nearly half of the total market size for treatment. The
water and wastewater treatment sector also accounts for the highest environmental spending within
both the public and private sectors. Considering the fact that conventional treatment techniques are
extremely expensive for countries like India, there is an urgent need for aternate methods of treatment
and recycling of wastewater.

3.3 Wastewater Reuse

In India, since wastewater is mainly untreated, it is used in the agricultural sector where the risks
are considerably lower to using it in households or industry. From literature review and personal
experience in this area, one can state that untreated and partially treated wastewater released from
the mgjor cities of India like New Delhi, Mumbai, Bangalore, Kolkata, Hyderabad, Ahmedabad,
etc., ismainly used for irrigation of the following crops:

e Cereals In Hyderabad, along the Musi River about 2,100 ha of land is irrigated with
wastewater to cultivate paddy (Mekala 2006). In Ahmedabad and Kapur, wheat is
extensively irrigated with wastewater (Winrock International India 2007).

e Vegetables: In New Delhi, about 12,000 farmers use treated wastewater in areas around
Keshopur STP and Okhla STP to irrigate 1,700 ha of land to grow vegetables like Cucurbits,
eggplant, okra, and coriander in the summers; Spinach, mustard, cauliflower, and cabbage
in the winters (Winrock International India 2007). In Hyderabad, about thirteen different
kinds of vegetables are grown with wastewater all year round which include spinach, malabar
spinach, amaranths, gogu (Hibiscus cannabinus), mint, coriander, bladder dock, okra,
colocasia, soya (Glycine max), common purslane and chennangi (Lagerstroemia parviflora).

e Flowers: Farmersin Kanpur grow roses and marigold with wastewater. In Hyderabad, the
farmers cultivating Jasmine through wastewater generates alot of employment. The jasmine
plantation produces flowers for 8-9 months per year and a 118 farmers can earn
approximately Rs. 15,000 to Rs. 20,000 per hafor an 8-9 month flowering season (Buechler
et a. 2002).

e Avenuetreesand parks: In Hyderabad, secondary treated wastewater is used to irrigate
public parks and avenue trees.

e Fodder crops: In Hyderabad, along the Musi River about 10,000 ha of land is irrigated
with wastewater to cultivate para grass, a kind of fodder grass (Mekala 2006).
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e Aquaculture: The East Calcutta sewage fisheries are the largest single wastewater use
system in aguaculture in the world (Pescod 1992). The wetland ecosystem of Kolkata
supports 100,000 direct stakeholders and 5,100 ha of cultivation. Annually, it provides direct
employment for about 70,000 people, produces 128,000 quintals of paddy, 69,000 quintals
of fish and 7.3 quintals of vegetables (Chattopadhyay 2004).

e Agroforestry: In the villages near Hubli-Dharwad in Karnataka, the main wastewater-
irrigated agroforestry land uses are orchards and agrosilviculture which consists of spatially
mixed tree—crop combinations (Bradford et al. 2003). The two most important tree species
are sapota and guava, and other common species are coconut, mango, arecanut and teak.
Species found on farm boundaries include neem, tamarind, coconut and teak. Other less
common species are banana, ramphal, curry leaf, pomegranate, lemon, galimara and
mulberry. In agrosilviculture, field crops grown include irrigated groundnut in the dry season
and sorghum in the kharif season. Many adaptations of the agrosilviculture system were
observed. Farmersin Budarsingi and Katnur villages also identified vigorous weed growth
as the main constraint to agroforestry.

Treated wastewater can be used for various industrial uses such asin cooling towers, boilers,
washing the work spaces, etc., if adequately treated, depending upon its availability and location.
Chennai is a pioneer in such wastewater reuse in India (Y UVA, Mumbai. 2005).

3.4 Implications of Wastewater Reuse

There are both positive and negative implications of wastewater reuse. The positive implications
include: employment generation, food security for urban and peri-urban poor farmers, reliable supply
of irrigation water and the recycling of nutrients in wastewater. Since wastewater is available all
year round, the urban poor farmers and migrant laborers are assured of employment throughout
the year. In the peri-urban areas along Musi, Hyderabad, it was found that wastewater-irrigated
paddy contributes almost 43% of household food consumption (Buechler and Mekala 2005). The
high nutrient content of the wastewater helps farmers save on the fertilizer costs and its reliable
supply helpsincrease the cropping intensity. Wastewater can aso have a positive or negative impact
on the property values. In Haroonabad, in Pakistan, the wastewater-irrigated land has a higher value
than the canal-irrigated land (Hussain et al. 2001).

On the other hand, because of the partial or no treatment of wastewater, it endangers the very
livelihoods it generates over the long term. Long-term use of wastewater for irrigation increases
soil salinity, accumulation of heavy metalsin the soil, and finally breakdown of the soil structure.
Thisin turn leads to restriction on crop choice and reduction in yields over the long run. Along the
Mus River near Hyderabad, where wastewater is drawn from the river for irrigation, the paddy
(rice) production has reduced by 40-50%. Ample evidences are available which show that the
groundwater in all wastewater irrigated areas has high salt levels and is unfit for drinking. Further,
high groundwater tables and waterlogging are also common features of these areas. Wastewater
contains a number of pathogens of which human parasites such as protozoa and helminth eggs are
of special significance which can cause diseases in user communities and consumers. Further,
wastewater containing a high level of nutrients may cause eutrophication and cause imbalancesin
the ecology of the water bodies, it is released into.
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In addition, a number of socia concerns like impaired quality of life, loss of property value,
food safety, health and welfare and sustainability of land use are associated with wastewater use
(Hussain et a. 2001).

3.5 Water Markets and Potential of Wastewater

The price of water, just as other commodities, can be determined using the demand and supply
curves. Figure 10 shows the supply curve (S) and demand curve (D) for water and their point of
intersection gives the quantity of water (Q) that should be supplied at price P under normal market
conditions with no government interventions. Whenever, there is a scarcity of water due to higher
demand or lower rainfall or when the government decides to conserve water for future use, it needs
to reduce the present supply (from Q to Q'). Accordingly, P gives the scarcity price of water. To
reduce the gap between supply and demand, water boards and communities are exploring a number
of alternate water options to complement the existing urban water supplies which include —
wastewater recycling, rainwater harvesting, storm water recycling, exploring new groundwater
sources, diverting agriculture water to cities and the construction of new dams. If any or a
combination of these sources are tapped, the supply curve will move towards the right (S”) and the
urban people can pay alesser price, P’. Wastewater if treated to appropriate levels has a huge
potential to complement the existing water sources and bring down the price from P to P’. However,
the costs of treatment need to be deducted from the benefits to realize the net profit from recycling.

FIGURE 10. Water markets: demand and supply curves.
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3.6 Urban water pricing

Urban water pricing has the following components:

1. Cost of water supply: In most OECD (Organisation for Economic Co-operation and
Development) countries and in the USA water pricing is based on average cost pricing or
marginal cost pricing. The consumers are charged at the rate of per kiloliter of water
consumed. This rate varies depending on the pricing structure in each city.

2. Cost of maintenance of sewerage services. In most cities around the world, the water boards
are also responsible for maintaining the sewerage system and consumers are charged for
this service. In Hyderabad, 35% of water supply charge is charged as sewerage cess. In
New Delhi, 50% of water supply charge is charged as sewerage cess.

3. Cost of treatment of sewage water or wastewater discharged by households and industries:
Urban consumersin none of the Indian cities are charged for treatment of sewage. However,
most of the devel oped countries have introduced the “ polluter pays principle’ for the amount
of water pollution load discharged by companies and wastewater treatment charges are fully
recovered from the urban consumers as well.

4. Service charge: In India, in most cities, aminimum service charge isincluded in the water
bill.

In India water is a highly subsidized commodity leading to market inefficiencies and hence
inefficient use of the already scarce resource. The water subsidy in the urban areas has important
consequences for the poor and the environment. The urban water authorities, usually known as
Water Supply and Sewerage Boards, are responsible for the city’s water supply and sewerage
services. Since urban water is subsidized, these institutions constantly incur losses and have no
funds to invest in repairs and maintenance of existing water supply infrastructure, wastewater
treatment and expansion of their services. Another important consequence of urban water subsidies
is that the urban water consumers and polluters are not charged for sewerage treatment and hence
in most developing countries, only 20-30% of wastewater is treated to secondary level.

Figure 11 shows the average price charged by water boards to urban domestic consumersin
the major cities of India— Delhi, Kolkata, Bangalore, Chennai and Hyderabad. The average cost
incurred by the water boards to supply water in most metropolitan cities ranges from Rs. 10 to 35
per kl and the price charged to urban domestic consumers ranges from Rs. 6 to 36 per kl depending
on the volume consumed. The price for non-domestic consumers varies from Rs. 20-100 per ki
depending on the volume consumed and the type of industry (see Figure 12).
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FIGURE 11. Average price charged by water boards to urban domestic consumers.
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FIGURE 12. Average price charged by water boards to urban non-domestic consumers.
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In Indiaurban consumers pay less for the municipal water than the actual cost of supply incurred
by the water boards. Consumer utility subsidies are acommon feature of water services around the
world. The mgjority of water utilities charge tariffs, which are substantially below the levels required
for full cost recovery. Nearly 40% of utilities worldwide do not even cover operating and maintenance
costs (Jellinek et a. 2006). Average water tariffsin low-income countries stand at about a tenth of
the level applied in high-income countries. Subsidies on water utilities can be a significant drain on
the public treasury. In India, drinking water subsidies have been estimated at 0.5% of the gross
domestic product (GDP) (Jellinek et al. 2006). Implicit subsidization due to generaized underpricing
of the service, asset mining and not charging the urban consumer for the treatment of the sewage/
wastewater are the main causes of the drain on the public treasury. Utility subsidies are promoted
to make the services affordable for the poor and to expand coverage. However, according to a study
released during the 4" World Water Forum (March 2006) held in Mexico City, thisis not true. On
the contrary, according to Jamal Saghir (Director, Energy, Transport and Water Department, World
Bank), poor households capture only half as much of the value of the subsidy as they would if the
subsidies were distributed randomly across the entire population and many poor households are
excluded from subsidy programs altogether because they are not connected to the network.

However, contrary to the above argument, a field study conducted in Hyderabad, India by
Raghavendra (2006) suggests that while ‘stated’ tariffs are low, households actually pay far more
than in other regions of the world due to — poor measurement of domestic water consumption and
institutional indifference towards improving the quality of service. The study further states that
improvement in the quality of the services and improvement in the household’s perception of water
servicesis essentia before any increase in the water tariffs can take place to ensure full cost recovery.

In most western countries, the urban households are charged for the amount of water consumed
and the amount of sewage disposed. Box 1 shows awater bill of an urban household in Melbourne,
Australiaas an example. The bill clearly shows that, the households are charged 81 cents per kiloliter
of water supplied and AUD 1.05 per kiloliters of sawage water disposed. The water bill in Hyderabad
[see Box 1] shows that INR 6 per kilolitersis paid for water supply and 35% of the water supply
chargesis charged as sewerage cess. However, the bill also clearly shows that no money is charged
for sewage disposal or treatment. Thisis one of the important factors contributing to lack of funds
and non-treatment of wastewater. This ultimately leads to the pollution of rivers, lakes, groundwater
and soil. It aso has a number of ill effects on human health, especially for those farmers who use
untreated wastewater for irrigation.
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Box 1. Water Bills from Melbourne, Australia and Hyderabad, India.

Water bill from Melbourne, Australia

Account Details

Water Usage from 22/03/2007 to 21/06/2007.

Meter Number | Current Reading | LastReading | Usage
MAK053810 1,600kL - 1,564kL = 36kL
In 91 days you used 36.000 kilolitres, equalling 396 litres per day.
One kilolitre (kL) equals 1,000 litres.
Usage* | Price$/kL [  Amount
BLOCK 1 36000 x 08184 = $29.46

*Rising block tariffs are adjusted according to the days in your meter reading

period, and applied on a daily basis.
Sewage Disposal from 22/03/2007 to 21/06/2007.

For the disposal and treatment of sewage from your property. It is based on your

water usage and adjusted for seasonal variations.

Usage Seasonal Seasonal Discharge Sewage
Factor Volume Factor Volume
36.000kL x 08700 = 31.319 x 0900 = 28.187kL
Sewage Volume | Price $/kL [ Amount
28.187 X 1.0584 = $29.83
Water bill from Hyderabad, India
Hyderabad Metropolitan Water Supply and Sewerage Board e DEMAND NOTICE
Khaiatabad, Hyderabad - 500004 Call 155313 for any complaints

;___ BILLING MODE BILL NUMBER _ BILL DATE CATEGORY  FROM MONTH UPTO MONTH mJMOFHTI-IS

613480828 _ METERED 2006616732 21-05-2007 DOMESTIC __ APR 2007 __APR 2007 ET
Ta Charges Rs. Ps
M.Marsimha Water Cess 90.00
11-4-259/1 Sewerage Cess 31.50
CHllkalgucFa, Senvice Charges a 5.00
samnnmmb 500 061 Faral 12030
METER READINGS: Foms :
CONNECTION METER FIPE PREVIOUS READING CURRENT READING UN  KILO
DETAILS __Reading __IT LITRES
613480828 0.50 (4-04-2007 165,000 21-05-2007 177,000 12
Payment At Counter Last Date for Payment SEETHAPALMANDI BECT N

05-06-2007 Q&M D WSSE

eSeva/APOnline/HMWSSE

Tariff w.e.f Jan 2007 by Board's Procedings Mo.121 oL 14-2-2006 published in APExl. G2iL No429
MaiyhincRs. 90,270,600,1500, 3200 for WSPipeSizes 15mm,20mm 25mm, 40mm,S0mmSabove S0nlials

Tariff upio 15KLPM : Rs B/KL;16-30 KUPM{Rs.BMHLY:31-50 KLPARs. 15/4L) 51- 100KLPM[Rs. 20/KLY;101-200KLPIY Rs 2500 EAbov 200KLPIMRS

OR Rs.
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3.7 Should Urban Consumers Pay More for Water Supply and Sewer age?

Following a series of reforms beginning in the early 1990s, the GDP of India has shown a compound
annual growth rate of 5.8% from 1995-2000, which increased to 6.8% from 20002005 (see Figure
13). India’s GDP grew by 9.0% in 2005 making India the 16th-largest economy in the world in
1990 to the 13th-largest in 2005, surpassing countries such as Australia and the Netherlands
(Government of India. 2006).

FIGURE 13. Compound annual growth rate of India (forecast assuming 7.3% compound annual GDP growth).
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As India's economy has grown, so too has the spending power of its citizens. Real average
household income in India has roughly doubled over the past two decades. Along with rising incomes
have come greater consumption and the emergence of India’s much-discussed “new middle class’
(Shukla et al. 2004). Income growth will be fastest in urban areas where real average household
incomes will rise from 166,922 Indian rupees (2007) to 513,042 Indian rupees by 2025, an annual
increase of 5.8% (Ablett et al. 2007). Overall, Indian incomes have experienced a healthy growth
over the past two decades. India’s real aggregate disposable income has grown from 7,527 billion
Indian rupees ($1,165 billion) in 1985 to 23,526 Indian rupees ($515 billion) in 2005—a compound
annua growth rate of 5.9%. India's fast-growing population has meant that, on a per-household
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basis, real disposable income growth has been less rapid though still moderately strong, rising from
56,470 Indian rupees ($1,236) in 1985 to 113,744 Indian rupees ($2,489) in 2005—a compound
annual growth rate of 3.6% (see Figure 14 below).

Total aggregate household disposable income(billion, Indian rupees, 2000)

23,526

17,657
13164 [ | Compound annual growth rate
(5.9% increase)
10,425

1985 1990 1995 2000 2005E

Average household disposable income(India rupees, 2000)

113,744

93,542

77,785
69,249
56,470 [ Compound annual growth rate
(3.6% increase)

1985 1990 1995 2000 2005E

FIGURE 14. Growing incomes in the past two decades. Source: Graph reproduced from National Accounts Statistics:
MGl India Consumer Model, v1.0

With the increase in disposable income of households, there are more and more shopping malls
opening up in every corner of the metro cities to tap a major chunk of this disposable income of
the new urban middle class. Also, with increasing income and education levels has come a new
awareness towards the environment and the need to protect it. It is common knowledge that most
riversin Indiaare polluted due to the disposal of untreated industrial effluents and domestic sewage.
With a booming economy and increasing disposal income, there is an urgent need to introduce a
new cost head in the urban water bills and introduce the “ polluter pays’ principal for urban water
consumers. The new cost head will contribute to sewage treatment before it enters our rivers and
pollutesit. A contingent valuation test can be done to test the urban consumers’ willingness to pay
towards wastewater treatment and maintenance of the water quality in the rivers.
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4. CONCLUSIONS

Wastewater use in agriculture has been a common phenomenon in a number of water scarce
developing countries for more than a century now. It has been and is still supporting the livelihoods
of anumber of urban and peri-urban farmers. However, with the growing population the volumes
of urban wastewater have dramatically increased. The problem is further complicated with increased
contamination of wastewater with new chemicals (in shampoos, soaps, etc.), with changing lifestyles
of people and the addition of industrial effluents. The environmental and health related problems of
the use of untreated wastewater has become prominent. There is an urgent need to address these
problems before this untreated wastewater completely pollutes all the rivers/natural water bodies.
Most of the developed countries have been able tackle this problem by appropriate treatment of
wastewater and safe disposal with minimum environmental and health impacts. Time and again,
developing countries have tried to adopt similar water treatment technologies from the western world
and have failed. There are both socia and economic reasons for thisfailure. It is very important to
understand the social and economic context of a society/community/city before a technology is
implemented. The different social economic aspects to be considered are — perceptions of people
regarding water, education levels, awareness towards the environment and the willingness and ability
to pay to protect their environment. In addition to this, the political will and institutional support
are essential to make wastewater a safe asset for people in developing countries. In a number of
water scarce developed countries like USA, UK, Germany and Australia, wastewater recycling is
gaining importance. But they are also facing different kinds of social and economic problems (detailed
in the above sections). Developed countries can benefit from the various soil, water, crop quality
data of wastewater irrigated areas and wastewater use experiences of farmersin developing countries
and can set their own quality standards. With issues of climate change, increasesin urban population
and increased demand for water from competing sectors, wastewater recycling is becoming an
important strategy to complement the existing water resources for both devel oping and devel oped
countries and there are lessons, experiences, data and technology which can be shared for mutual
benefit.
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