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Executive Summary
In India, around three lakh children die of water-borne diseases every year, with diarrhoea
alone causing more than 50 per cent of the deaths. Despite the primary sources of water in
the country—groundwater and surface water—being highly contaminated, only 32 per cent
of the Indian households get water from a treated source. The groundwater in most of the
districts of 24 Indian states has high concentrations of metals and heavy metals. Water
sources across the country are also contaminated with high levels of pathogenic organisms.
Consuming this raw water poses serious health risks in the form of diseases like typhoid,
cholera, acute dysenteric diarrhoea, cancer, and bone-related illnesses. It leaves around 37.7
million people suffering every year, and causes a loss of almost 73 million working days
annually, which, in turn, brings about a decline in national productivity, resulting in
considerable economic burden.
Over the years, the government has been addressing this issue through various schemes,
aiming to supply treated piped water to all households. However, providing clean piped water
to households across the country is a complex process that is largely energy dependent. The
high contamination level of our water sources makes the task even more difficult by
increasing the overall energy requirement.
This working paper discusses some approaches that can be adopted to enhance the
effectiveness and sustainability of the water supply process, primarily, by making it energy
efficient. Further, the paper estimates the amount of energy that would be required if these
approaches are adopted (on the basis of detailed calculations made for 640 Indian districts
considered in the study), and discusses alternatives that can help reduce the economic and
environmental costs of the process.
Specifically, the paper proposes implementing community-level solutions for supplying
treated water in areas where groundwater is the primary source. This involves setting up a
community water purification system that provides two grades of water to each household.
The two grades of water will undergo different levels of purification— reverse osmosis for
potable water, and sand-filtration for non-potable water. This will reduce the amount of
energy required for purification, while fulfilling the aim of supplying clean water for all
domestic purposes. Further, based on the calculations of the study, this paper finds that per
day 0.117 Billion Units of energy will be required to supply clean piped water to all
households in the country. Using grid energy to meet this requirement will cost around INR
17,500 crores to INR 29,940 crores, and also have detrimental effects on environment and
human health, since the main source of energy used here is coal.

To minimise these ill-effects, and reduce the cost of supplying treated water, shifting to
alternative clean energy sources is essential. India has a high potential for harnessing solar
and wind energy. This renewable energy can be used to purify and pump water across the
country. The paper estimates that with renewable energy as the energy source, the cost of
supplying treated water to all households will be around INR 10,900 crores to INR 11,700
crores per year—a reduction of 40 to 60 per cent from the cost incurred when grid energy is
used. Thus, the shift to renewable energy will not only be environmentally sustainable, but
also result in a massive potential savings on energy costs.
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1. Introduction
Water-borne diseases constitute one of the main health challenges faced by India over the
past few decades. Almost half of India’s morbidity is water related, reflecting the
enormous ramifications of unsafe water on human health. Annually, around 37.7 million
people are affected by water-borne diseases, of which diarrhoea is the most notorious
(Pathak, 2015). The National Health Profile (Central Bureau of Health Intelligence, 2018)
states that a total of 12 million cases of diarrhoea were reported in 2017. The ill-effects of
unclean water intensify in the case of children as they are highly susceptible to infectious
diseases. In India, approximately 321 child deaths due to diarrhoea are reported every
day (Amouzou et al., 2016). Apart from causing deaths, a high incidence of water-borne
diseases adversely affects the economic growth of a country. On the one hand, there is
loss of productivity, and on the other, a considerable expenditure is incurred on the
treatment of the disease. The cost of healthcare for water-borne diseases and the related
morbidity and mortality in India is estimated to be around INR 47,000 crores to INR
61,000 crores per year (World Bank, 2013).
Water-borne diseases such as cholera, typhoid, and diarrhoea, are an outcome of the poor
quality of drinking water in India. According to a report by WaterAid (2018), nearly 163
million people in India lack access to clean water close to their homes. The situation is
worse in the rural areas, where 84 per cent of households do not have access to treated
piped water, either close to their homes or far away. For such households, the primary
source of drinking water is either a well/borewell/tubewell, or a nearby lake or river.

Figure 1: Women and children collecting water from a public hand pump
Source: downtoearth.org.in
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The primary sources of water in India—groundwater and surface water—are highly
contaminated. Our country is currently ranked 120th among 122 countries on the waterquality index, with 70 per cent of its water being contaminated (NITI Aayog, 2019). The
presence of high levels of infectious microorganisms, metals, and heavy metals in water
make it unfit for direct consumption in India. Yet two-thirds of the Indian households do
not treat water before consuming. Though raw water obtained from the source is directly
consumed all over India, the number of households that consume raw water is
overwhelming in the states of Bihar, Uttar Pradesh (UP), and West Bengal. For instance,
only three per cent of the households in Bihar receive treated tap water. The remaining
97 per cent get water from untreated sources, of which only 2 per cent purify water
before consumption. Throughout India, 65.3 per cent of households consume untreated
water, of which 72.8 per cent belong to rural areas and 50.9 per cent belong to urban
areas. As a result, the detrimental effects of unsafe water on human health are huge
(National Statistical Office, 2018).
In the absence of piped water connections, access to water is difficult, both in rural and
urban India. People have to travel long distances to fetch water for their household needs.
Almost 42 per cent of the rural households travel every day to fetch drinking water,
covering an approximate one-way distance of 0.2 km to 1.5 km. The situation isn’t any
brighter in urban areas, where 20 per cent of households spend more than 30 minutes in
reaching water sources. The process consumes a lot of time and effort, which could be
used by people for other activities if they had access to piped water. The effort to fetch
drinking water slows development, and adversely affects productivity and education,
especially for girls from poor families in rural areas, as the onus of fetching water is
usually on them.

1.1 Government Efforts to Provide Water
Supplying treated piped water to all households is essential to ensure easy access to safe
water, which, in turn, will bring down the incidence of water-borne diseases significantly
(Jalan & Ravallion, 2003). Since a long time, the government has been trying to solve the
problem of poor or no access to clean water. In the past few decades, government efforts
have focussed on providing clean drinking water to rural areas, since only 18 per cent of
rural India has access to treated piped water, which is much lower than urban areas,
where 62 per cent can access it. The National Rural Drinking Water Programme
(NRDWP) was launched in 2009 to provide safe and adequate water for drinking and
other domestic needs to rural households by 2017, but failed to meet its target, in spite
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of spending 90 per cent of the funds allocated to the programme (Comptroller and
Auditor General of India, 2018).

Figure 2: Jal Jeevan Mission: Safe and adequate drinking water to all households in rural India
Source: Ministry of Jal Shakti

The importance of providing safe water to all citizens of the country is well
acknowledged by the government. Continuing its efforts towards this goal, the
government announced the Jal Jeevan Mission (JJM) in 2019, to provide drinking water
security in rural India. The aim of JJM is to ensure an adequate supply of drinking water
of prescribed quality to every rural household on a regular and long-term basis. The
mission will facilitate the creation of a water-supply infrastructure, so that every rural
household has a functional household tap connection (FHTC) by 2024. The mission’s aim
of providing 55 litres per capita per day of safe water to all rural households in the
country is accompanied by the aims of developing and implementing strategies/plans to
make drinking-water sources sustainable through conserving, recycling, and reusing
water.
On the urban front too, the government has initiated schemes to improve the coverage
and efficiency of water supply. The Atal Mission for Rejuvenation and Urban
Transformation (AMRUT), launched in 2015, aimed to strengthen the urban
infrastructure, focusing on areas like water supply, sewerage, drainage, and urban
transport. The water-supply systems under AMRUT concentrate on the augmentation of
existing water supply and water-treatment plants, along with rejuvenation and
conservation. Of the AMRUT fund, 50 per cent has been allocated to water supply, with
the expected outcome of universal coverage for access to potable water for every
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household in 500 chosen cities. The target was to provide 139 lakh water-tap
connections by 2019. So far, 22.89 lakh tap connections have been provided.

1.2 Energy Needs: A crucial factor
Supplying water to all households in the urban and rural areas requires massive
investments. The Jal Jeevan Mission is unique in that it focusses not just on providing the
infrastructure, but primarily on providing functional tap connections. Thus, along with
the large capital cost involved in setting up a giant infrastructure, there is a huge
operating cost that will be incurred every day to keep the systems laid, functional.
The operational cost mainly comprises the energy cost, besides the maintenance costs,
as supplying water to households is an energy-intensive process, involving considerable
pumping and purification. The process of obtaining raw water from the source for
supplying treated water to households involves steps that are mostly energy driven.
Further, the amount of energy required is a function of the availability of water, as well
as the quality of water available. Groundwater levels across the country have dipped over
the years, the deepest being 122 meters below ground level, and the distance to surface
water varies from a few meters to hundreds of kilometres. Indian water sources have
alarming levels of contamination, and groundwater contamination with metals and
heavy metals further raises the concerns. Given the availability and quality of water in
India, the energy requirement is likely to be huge. As such, energy will be a crucial factor
in supplying clean piped water.
With a view to recommend approaches that would help optimise the amount of energy
used, and bring down the cost involved in procuring units of energy required, the Center
for Study of Science, Technology and Policy (CSTEP) undertook a national-level study in
2019. Based on detailed calculations, the study estimates the total amount of energy
required to supply treated water to all Indian households, along with its cost, when these
approaches are adopted, and discusses the alternatives to help reduce the energy costs,
both economically and environmentally. For the estimation of energy required (to supply
water), the households in all the 640 districts of the country were considered. Data for
the number of households in each of these districts was taken from the 2011 Census
(Office of the Registrar General & Census Commissioner, 2011).
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2. Approaches for Optimising Energy Requirement and Use
Discussed below are the proposed approaches that will fulfil the aim of providing clean
water for all domestic uses, while improving the process and reducing the amount of
energy required. Unlike the currently-used conventional approaches and methods, the
proposed approaches can make the process energy efficient. When adopted and
implemented alongside the ambitious Jal Jeevan Mission, these approaches would help
optimise energy usage across the country, providing considerable economic and
environmental benefits.

2.1 Groundwater Treatment at the Community Level
Currently, 50 per cent of the urban and 85 per cent of the rural domestic water
requirement in India is fulfilled by groundwater (Suhag, 2016). Since groundwater use is
decentralised, it is pumped and used directly, although various government schemes
state that water reaching every household must be treated. However, it is almost
impossible for the government or the local bodies to treat groundwater at a household
level. Doing so will lead to a lack of accountability (since tracking government-installed
treatment systems in households is difficult), while also being highly expensive.
Extracting groundwater at a household level to fulfil drinking water requirement should
be discouraged; instead, community-level water treatment systems should be set up
across a town or village. According to our understanding, to set up a community
treatment system, the town or the village has to be divided into clusters/communities,
such that each cluster consists of 200 households, since a single treatment system can
cater to the needs of 200 households. Establishing such systems will also facilitate better
stakeholder and community participation, empower the community, and improve
transparency and overall accountability. Involving communities will also make them
aware of their responsibilities towards conservation, reuse, and recycling of water.

2.2 Two Grades of Water for Each Household
Water used at home can be broadly classified into two categories: potable water, which
is used for drinking and cooking; and non-potable water, which is used for washing,
cleaning, bathing, etc. According to the Ministry of Jal Shakti, 55 LPCD (litres per capita
per day) of safe water has to be supplied to every household, as it is the adequate quantity
required by an individual. Out of this, 10 litres is used for drinking and cooking, and the
rest, i.e. 45 litres, is used for cleaning, bathing, etc. (Ministry of Jal Shakti, 2019).
According to the Bureau of Indian Standards (2012), potable water should be of a higher
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grade, which means that total coliform organisms (including faecal coliforms and
thermo-tolerant coliforms) must not be detectable in a 100 ml sample. For non-potable
water uses, faecal coliforms up to a concentration of 2500/ml are permissible.
Clearly, potable water requires a higher degree of treatment compared to non-potable
water. Therefore, potable water should undergo a two-step purification, which involves
passing the 10 litres of water (per capita per day) through a sand filter, followed by a
reverse osmosis (RO) purification. This process will make it fit for human consumption.
The remaining 45 litres of water (per capita per day) can be filtered through a sand filter
only, making it fit for non-potable uses. Thus, two grades of water should be supplied to
each household, each catering to specific uses. The amount of energy required for
purification will be significantly lower under this approach, as compared to that required
under the conventional method (supplying the higher grade of water for all domestic
uses). Further, the capital cost of laying two pipelines for the supply of potable and nonpotable water (Astral, 2015) will be less than that of installing RO-treatment plants with
the capacity required to purify the entire 55 litres of water per capita per day
(Government of India [GoI], 2015).
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3. Estimation of Energy Requirement
The amount of energy required to supply treated tap water to all households (both urban
and rural) using the suggested approaches, was estimated under the study. The amount
of energy required per district was estimated on the basis of the available raw-water
source. The total energy cost involved was also calculated.
To estimate the energy requirement, the data on primary sources of water for all
households was taken from the 2011 Census. The primary sources of water were broadly
classified into groundwater and surface water. According to the Census data, 32 per cent
of households in India have been provided tap water from a treated source (as their
primary source of drinking water); these households were excluded from the estimate.
For the study, three scenarios of raw-water source were considered, depending on the
type and quality of water available. These are 1) groundwater; 2) groundwater
contaminated with metals/heavy metals; and 3) surface water. Next, the amount of
energy required for supplying treated water in each scenario was calculated.

3.1 Scenario 1: Groundwater as the raw-water source
When groundwater is used as the source, the depth from where water has to be drawn is
crucial. The greater the depth, the larger the amount of energy required. The depth of
groundwater varies from district to district (Central Ground Water Board, 2017). The
energy required to pump water from the source was calculated by using density,
gravitational force, displacement, flow rate, and time required to pump water.
P = ρ*g*h*Q
P – Power (W)
ρ – density of the fluid to be pumped (kg/m3)
g – gravitational force (m/s2)
h – displacement (m)
Q – flow rate (m3/s)
E = P*t
E – energy required (kilowatt hours)
t – time required to pump water (hours)
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For calculating displacement, the minimum and maximum depth of groundwater levels
across a district was taken from the 2017 report by Central Ground Water Board and the
median was calculated.
The first step of purification requires filtering the water using a sand filter. The entire 55
litres of water per person per day is passed through a sand filter. Water pumped from
the ground has to be stored at a height of 20 metres to provide the required pressure,
which is 28 psi (pound per square inch). The power required by a sand filter (size 16*65)
to filter 4,000 LPH (litres per hour) of water is 3 horsepower (Sunnidhi Quotation, 2019).
So, for filtering 4000 litres of water, 2.24 kilowatt hours (kWh) of energy would be
consumed. Thus, the amount of energy required to filter one litre of water would be
0.000577 kWh.
Of this filtered water, 10 litres per capita per day is then purified by reverse osmosis
(RO). An RO purifier with a capacity of 2000 LPH requires 6.24 kWh of energy to purify
2000 litres of water in an hour. Hence, it would take 0.003125 kWh of energy to purify
one litre of water (GoI, 2015).
The treated water is then stored in a storage tank at a height of 20 metres. Water is
treated and stored when the required amount of energy is available. This water is then
supplied to households whenever required. Water from the storage tank flows to the
nearby households due to gravitational force. However, to reach distant households,
further pumping is required, the head distance for which was assumed to be 140 metres.
The amount of energy needed to pump water to the storage tank and further to the
households was also calculated using density, gravitational force, displacement, flow
rate, and time. For potable uses, water purified using a sand filter and RO is supplied,
while for non-potable uses, water filtered through a sand filter only is supplied. ROrejected water is also supplied for non-potable purposes.

3.2 Scenario 2: Groundwater contaminated with metals and heavy metals as the
raw-water source
In some districts of India, the groundwater is contaminated with high concentrations of
metals and heavy metals, like arsenic, nitrates, fluorides, iron, etc. Arsenic contamination
exists in 86 districts of 10 states, excess fluoride in 276 districts of 20 states, and excess
nitrates in 297 districts of 24 states. In most of these districts, the groundwater contains
more than one element in concentrations above the permissible level (Central Ground
Water Board, 2018). According to the World Health Organization, drinking such water
for a considerable period of time can cause skin lesions; skin cancer; cancers of the
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bladder, kidney, and lung; diseases of the blood vessels of the legs and feet; and
reproductive disorders. The groundwater in the Gangetic belt contains high levels of
arsenic, a cancer-inducing agent, posing health risks to the 40–90 million people living
there.
In Bihar, the groundwater of 55 districts is contaminated with metals, and 86 per cent of
the households use water directly from hand pumps for drinking. People are unaware of
the serious health risks that the direct consumption of such water carries. The need for
supplying treated piped water is much higher in these districts, therefore. Although
reverse osmosis is effective in removing most of the metal contaminants, presence of
more than one metal contaminate can hamper its effectiveness. In districts where the
groundwater is contaminated with high concentrations of both arsenic and iron, or high
concentrations of both arsenic and fluorides, an extra step of purification can be added.
For the study, the data on districts with arsenic, iron, and fluorides contamination was
taken from the report Ground Water Quality in Shallow Aquifers in India (Central Ground
Water Board, 2018). In these districts, ion-exchange filtration was used as the extra step
to remove the excess metals present in water. Once the entire 55 litres of water per capita
per day is filtered using a sand filter, it has to be passed through an ion-exchange filter.
An ion-exchange filter with a capacity of 4000 LPH would consume 0.00058 kWh of
energy to filter one litre of water (Sunnidhi Quotation, 2019). After this process, only the
amount of water required for potable needs has to be purified using RO. Thus, the energy
consumed by the ion-exchange filter is the additional amount of energy required in
districts with metal-contaminated groundwater.

3.3 Scenario 3: Surface water as the raw-water source
According to Census of India, 2011, three crore households in the country use untreated
surface water as their primary source of drinking water.
About 70 per cent of the surface-water sources in India are polluted. The pollutants come
mainly from intensive agriculture, industrial production, infrastructure development,
untreated urban runoff, and wastewater from different sources. The water-quality data
from the Central Pollution Control Board shows that organic and bacterial contamination
of water bodies is reaching critical levels, causing gradual degradation of water quality.
Further, the biological oxygen demand (BOD) for most of the rivers in India is increasing
and exceeding the permissible standards (Bhardwaj, 2005).
Since surface water can be drawn in bulk and provided to a large population, here it is
economical to provide a higher grade of water (i.e. potable water) for all domestic
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purposes, as large quantities of water are involved. To estimate the amount of energy
required, the distance to surface water source was assumed to be 100 times the distance
to groundwater in that district. The energy used for pumping i.e. energy required to
pump water from the raw-water source to the treatment plant and from the treatment
plant to storage tanks across districts was calculated using density, gravitational force,
displacement, flow rate, and time required to pump water. For the calculation, the head
distance of pumping from the treatment plant to the households was assumed to be 500
metres. According to a report by Degermont group, a group which has designed and built
water treatment plants for various states across the country, it takes 1,47,320 units of
energy to treat 623 MLD (million litres per day) of water (Degremont, n.d.). On the basis
of this data, the amount of energy required to treat one litre of water was calculated,
which was equal to 0.000232 kWh/litre.

3.4 Total Energy Required
The raw-water sources in districts throughout the country were grouped into 1)
groundwater not contaminated by metals; 2) groundwater contaminated by metals
(arsenic and iron); and 3) surface water. All the households in the country used at least
one of these sources. The amount of energy required to pump and purify one litre of both
potable and non-potable water for each district was calculated, depending on the group
to which its water source belongs, as shown in the previous sections.
Under the Jal Jeevan Mission, an individual will be provided with 10 litres of potable
water and 45 litres of non-potable water in a day, and in India the average household size
is five (persons). Therefore, the total energy required to supply both potable and nonpotable water to a household in a district was calculated by summing the energy required
to purify 10 litres of potable and 45 litres of non-potable water for five persons. It was
then multiplied with the number of households in that district. The amount of energy
required by a district for water purification and supply depends on the distance to the
water source (i.e. the distance between the treatment plant and the water source, as well
as the distance between the treatment plant and the households), the quality of water,
and the population of the district. Annexure 1 details the calculation of the total energy
requirement for one of the districts under the study, Muzaffarpur. Similar calculations
were done for all districts and summed up to arrive at the total energy needed to supply
treated domestic water to all households in the country.

20 www.cstep.in

CSTEP

Energy in kWh

Figure 3: Energy required to provide treated piped water to all households (District-wise)

The energy required to fulfil the aim of providing clean piped water to all households in
the country was estimated to be 0.117 Billion Units per day (or 117 gigawatt hours of
energy per day).
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4. Cost of Using Conventional Energy
In a year, approximately 42.84 Billion Units (or 42,840 gigawatt hours) of energy is
required to provide treated piped water to all households. Currently, for water works
and its supply, grid energy is obtained from the state electricity boards. This energy is
bought by the local bodies/parastatal responsible for supplying water to the households
in an area. Usually for water works, high-tension power is used, and the price/unit varies
across the country.
In Karnataka, the Bangalore Electricity Supply Company Limited (BESCOM) supplies
energy to Bangalore Water Supply and Sewerage Board (BWSSB) at a rate of INR
5.2/unit. The West Bengal State Electricity Distribution Company Ltd. (WBSEDCL)
supplies energy to public water works in West Bengal at a rate of INR 6.32/unit, while in
Telangana, the Southern Power Distribution Company of Telangana Limited (TSSPDCL)
and the Northern Power Distribution Company of Telangana Limited (TSNPDCL) supply
energy at INR 6.15/unit for water works and sewerage pumping stations operated by the
government departments or co-operative societies. In Tamil Nadu, the rate at which
energy is supplied for water works by Tamil Nadu Generation and Distribution
Cooperation limited (TANGEDCO) is INR 6.35/unit, while Maharashtra State Electricity
Distribution Company Limited (MSEDCL) supplies energy for public water works in the
state of Maharashtra at INR 6.99/unit. In Gujarat, the energy for water works and
sewerage pumps operated by local authorities such as municipal corporation and Gujarat
Water Supply and Sewerage Board is supplied by the Gujarat Urja Vikas Nigam Limited
(GUVNL) at INR 4.10/unit. For this study, the highest and lowest values were chosen
from the above-mentioned rates.
The cost of fulfilling only the energy requirement to supply clean water to all households
for a year was estimated to be between INR 17,500 crores and INR 29,940 crores. Energy
cost constitutes 90 per cent of the operating expense that has to be borne every year. The
high price of grid energy makes the process quite expensive.
Most of the grid energy is produced by thermal power plants. In these plants, coal is the
primary source of thermal energy, producing 54.2 per cent of the total grid energy.
Besides carbon dioxide, these plants release large quantities of particulate matter,
sulphur dioxide, nitrogen oxide, and mercury (Nazar et al., 2021). As a result, India’s
burden of adverse health impacts due to coal power-plants emissions is among the
highest in the world. (Oberschelp et al., 2019).
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5. Cleaner and Cheaper Alternatives
To eliminate the enormous negative externalities associated with the use of grid energy,
while ensuring that safe water reaches everyone in a cost-effective manner, a shift to
cleaner, cheaper, and sustainable energy sources is essential. India is trying to expand its
usage of renewable energy (RE) and has also set targets for itself in this regard, including
that of reaching 450 GW of RE capacity by 2030. Using RE for purifying and supplying
water to all households can be a win-win step, as it will make the nation-wide exercise
environmentally sustainable and economical, helping India transition towards green
energy. It should be noted that the intermittency of RE does not significantly affect the
water purification process, because water can be purified and stored when sufficient
renewable energy is available, and supplied when needed.
With nearly 300 days of sunshine every year, India has some of the best conditions in the
world to capture and use solar energy. We have a potential capacity of 750GW of solar
power and 302GW of wind power (NITI Aayog, 2015). Since no combustion is involved
in the use of solar or wind energy, the negative environmental externalities from this
process are negligible, and hence the adverse effects on human health, minimal. Using
renewable energy to treat and supply water for the entire country will also help in the
expansion of our renewable energy capacity, one of the goals of the Ministry of New and
Renewable Energy.
According to BRIDGE TO INDIA, a consultancy in the Indian renewable energy market,
the RE tariff rate in India per unit charge of solar energy was between INR 2.55 and INR
2.68 in 2019, and that of wind energy was between INR 2.82 and INR 2.83 (BRIDGE TO
INDIA, 2019). We can use either 100 per cent of solar energy to satisfy all energy
requirements of the water-supply process, or use a combination of solar and wind
energy. In both cases, the supply cost would be lower than that under grid-energy use.
For the study, renewable energy was used in two ways: 1) 100 per cent solar energy; and
2) a combination of 60 per cent solar energy and 40 per cent wind energy. The energy
cost was estimated to be in the range of INR 10,900 crores to INR 11,700 crores per year.
Since there is a huge difference between the per unit prices of grid energy and solar or
wind energy, use of the latter will reduce the cost of water supply process considerably.
The study shows that using RE for pumping and purification can lead to a potential saving
of INR 6,000 crores to 18,000 crores per year. The economic benefits of using solar or
wind energy for supplying 55 litres of water per capita per day to all are, therefore,
substantial in the long run.
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6. Conclusion and Recommendations
Access to safe water is a fundamental right in India, and is also a Sustainable
Development Goal. Providing water to all citizens, though beset with difficulties, is
indispensable. This calls for making the process of purifying and supplying water to all
households in the country effective as well as sustainable.
The study shows that meeting the water needs of the entire nation requires enormous
amounts of resources. Energy forms the main resource requirement and is the main
component of the operation cost. Since the process of supplying water is energy
intensive, it is important that we devise and implement ways that employ a sustainable
energy form (renewable energy), and at the same time, optimise energy use. To this end,
this paper recommends the novel community-based approach of supplying two grades
of water (in areas where groundwater is the primary source of water), on the basis of the
calculations and analysis carried out under the study. Apart from making the process
energy-efficient and sustainable, this approach can make treated water available to areas
that do not have access to it right now. While the use of RE brings about a drastic
reduction

of 40 to 60 per cent in the operating cost, making the process more

economical, involving the community in the process promises long-lasting
socioeconomic and environmental benefits via better stakeholder participation,
improved transparency and accountability, and an enhanced awareness about the need
to conserve the precious resource, water.
Ultimately, adopting the proposed energy-optimising approaches that utilise renewable
energy at the community level to supply treated piped water to all households will
improve India’s health by mitigating pollution-related illnesses and bringing down the
incidence of water-borne diseases, thereby increasing human productivity.
However, to keep India well-hydrated sustainably in the foreseeable future, these
approaches and methods need to be adequately complemented by strong waterconservation efforts. Focus should also be put on making water sources reliable, which
can be achieved through careful use of water, rejuvenation of water bodies, rainwater
harvesting, water recycling, and greywater management. Since water is a scarce and
valued resource, a national commitment towards its responsible consumption and
conservation is mandated. This would include strict government guidelines and
interventions, appropriate infrastructures, as well as collective policies that focus on
nudging pro-conservation and pro-environment behaviour in people.
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8. Annexure 1
Given below are the detailed steps involved in calculating the energy requirement for
supplying treated water to all households in a district (Muzaffarpur). Similar calculations
were done for each district in the country.

Amount of energy required: Calculations for Muzaffarpur district, Bihar
Scenario 1: When ground water is the raw-water source


According to Central Water Pollution Board, the median depth of groundwater in
Muzaffarpur is 6.7 metres.



In the study, water was pumped to a height of 20 metres above ground level to
provide the necessary pressure of 28 psi. The total pumping distance was 26.7
metres. The amount of energy required to pump up water to a distance of 26.7
metres at a flow rate of 15 m3/hour by running the pump for four hours was
calculated using the formulas given in section 3.1. The amount of energy required
to pump one litre of water from the ground was found to be 0.000072724 kWh.
Since per capita, 55 litres of water has to be supplied, the amount of energy
required per capita worked out to be 0.003999 kWh.



Estimation of energy required for sand filtration: A sand filter requires 2.2 kW of
energy to purify 4,000 LPH of water. For the study, the sand filter was considered
to run for five hours a day. Thus, the amount of energy required to filter one litre
of water was found to be 0.000577 kWh. The amount of energy required per
capita was calculated to be 0.03173kWh.



Estimation of energy required for reserve osmosis (RO): An RO-purifier requires
6.24 kWh of energy to purify 2,000 litres of water in an hour. The purifier was
run for five hours a day, and it took 0.003125 kWh of energy to purify one litre of
water. Therefore, the energy required by the RO system to purify 10 litres of
water (that has to be supplied per capita) worked out to be 0.03125kWh.



The study assumes that the purified water is then stored in a storage tank at a
height of 20 metres. Water from the storage tanks flows to the nearby households
due to gravitational force. However, to supply water to most houses, further
pumping is required. This head distance was assumed to be 140 metres. The
amount of energy required to pump water at a flow rate of 15 m3/hr by running
the pump for four hours was calculated using the formulas given in section 3.1,
and was found to be 0.0004355 kWh/litre. For 55 litres of water per capita, the
energy required worked out to be 0.023955kWh.
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Summing up the above four calculations, the total energy required to supply
treated groundwater to an individual of Muzaffarpur was found to be 0.09093
kWh. According to Census 2011, the average size of a household in India is five
(persons). Thus the energy required to supply water to one household worked
out to be 0.4547 kWh.



In Muzaffarpur, 8,89,671 households use groundwater as their primary source of
water (Office of the Registrar General & Census Commissioner, 2011). Therefore,
energy required per day for the whole district was calculated to be 404535.1151
kWh.

Scenario 2: When groundwater (which is the source of raw water) is
contaminated with metals and heavy metals.


For the study, ion-exchange filtration was used to remove excess metals and
heavy metals from water. It took 0.00058 kWh to filter one litre of water. Thus,
the energy required to filter 55 litres of water per capita per day, would be 0.0319
kWh.



This 0.0319kWh of energy (consumed in ion-exchange filtration) is the additional
amount of energy required to supply treated water to a person in Muzaffarpur,
where the groundwater is contaminated with arsenic and iron. Therefore, the
total amount of energy required to supply treated water per capita per day in
Muzaffarpur is the sum of the energy required to supply treated groundwater as
calculated in Section 1, and the additional amount of energy required due to
contamination of water in the district. This works out to be 0.12294kWh.



The study estimated that to supply treated water to all the households in
Muzaffarpur, using ground water as source, 546926.958 kWh of energy is
required.

Scenario 3: When surface water is the raw-water source


To estimate the amount of energy required, the distance to surface-water source
was assumed to be 100 times the distance to groundwater in that district. For the
district of Muzaffarpur, this worked out to be 671.5 metres. The amount of
energy required to pump water to a distance of 671.5 metres (from source to
treatment plant), at a flow rate of 0.25 m3/s by running the pump for four hours
was calculated and found to be 0.0018279 kWh per litre.



According to a report by Degermont Technologies on water treatment, 1,47,320
kWh of energy is consumed for treating 635 MLD of water. On the basis of this
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data, the energy required for treating one litre of water worked out to be
0.000232 kWh.


The study assumed the head distance from the treatment plant to households to
be 500 metres. The treated water has to be pumped across this distance. The
energy required to pump water at a flow rate of 0.25 m3/s by running the pump
for four hours was calculated to be 0.001361 kWh per litre.



Summing up the above three calculations, the total energy required to supply a
litre of treated surface water worked out to be 0.003421kWh. The average size
of a household in India is five persons and each person requires 55 litres water
per day. Thus the amount of energy needed to supply treated surface water to
one household works out to be 0.9407 kWh.



In Muzaffarpur, 29,326 households use surface water as their primary source of
water (Census, 2011). Therefore, supplying treated water to all these households
would require 27589.839 kWh of energy per day.

Total energy requirement
The total energy required to supply treated water to all households in the district of
Muzaffarpur was calculated by summing up the energy requirement for households that
use groundwater, and those that use surface water as the source. It (total energy required
to supply treated water to all households in Muzaffarpur) was found to be 574516.79
kWh.
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