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Abstract— Ismail Serageldin, former World Bank Vice-

President Quotes “The wars of this century were fought over 

oil; the wars of next century will be fought over water”. The 

various episodes of water crisis occurring both globally and 

locally, proves this statement true. To ensure sustainability, 

we need to look out for and apply all the strategies available 

at our disposal for water conservation. One among them is 

Rain Water Harvesting (RWH). India is a land of versatile 

weather where inconsistency in rainfall is frequent. This 

irregular pattern is seen more in Southern India. Karnataka 

has limited water resources, which are depleted and stressed 

due to Population increase, urbanization & industrialization. 

If similar trend in consumption prevails, it is projected that by 

2030 we will be able to satisfy only 54% of our water demand 

and the state will additionally require 49 TMC annually to 

serve its population. Karnataka’s water demand is highly 

influenced by the water demand of Bengaluru, which alone 

accounts for about 2/3rd of the additional water requirement 

of Karnataka, and is going to triple over next decade. 

Although Rainwater Harvesting (Amendment) Regulations, 

2011, has been imposed, its absolute implementation has yet 

to be achieved. This paper aims to present a critical view on 

the need for Rainwater harvesting and bring awareness 

among the public. Also, we have designed a Roof top RWH 

system for Global Academy of Technology, Bengaluru. 
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I. INTRODUCTION 

India is a land of versatile weather where inconsistency in 

rainfall is frequent. This irregular pattern is seen more on the 

equatorial region of India i.e. Southern India. The summers 

are too dry and rains are erratic.  Karnataka being in the 

southern zone of India faces similar situation. Karnataka state 

receives almost 73% of its rainfall from south west monsoons 

in the months of June to September and 16% of the rainfall 

from north east monsoon in the months of October to 

December. The total amount of water that is available in 

Karnataka is more than the demand itself that is about 3200 

TMC. That implies a person gets 1500 cubic meters for a year 

including the food that he grows. But only 1000 cubic meters 

per person per year is the usable water. This makes the state 

of Karnataka fall under the region of “water scarcity”. The 

water demand is 46 TMC but the government has succeeded 

in providing 35 TMC of water. The difference is of 11 TMC. 

Karnataka has limited water resources, which are depleted 

and stressed due to population increase, urbanization and 

industrialization. If similar trend in consumption prevails, it 

is projected that by 2030 we will just have 54% of our water 

demand. The total population of the state is expected to 

increase from 61 million in 2011 to about 80 million by 2030. 

Due to this increase in population, the demand for water also 

increases approximating it to 46 TMC in 2011 to around 84 

TMC by 2030. This shows an additional requirement of 49 

TMC annually to cover the demand of its population. Since 

there are no perennial rivers in the southern part of India, this 

demand poses a threat to the government and the livestock of 

the state. 

 Karnataka’s water demand is highly influenced by 

the water demand of Bengaluru. The city of Bengaluru alone 

accounts for about 2/3rd of the additional water requirement 

of Karnataka state. Bengaluru is a densely populated city 

inhabiting 8.42 million people spanning across an area of 741 

km2 located at 12.9 7 ͒N and 77.56 ͒E [1]. Bengaluru needs 

1450 MLD of water on a daily basis for a population of nearly 

8.5 million people according to the Bangalore Water Supply 

& Sewerage Board assessment in 2016. But until 2007, the 

water requirement was close to 900 MLD. This shows a rise 

in demand by about 60%. Everyone residing in this India’s 

3rd most populated city should get 150 L per day as per BIS 

standards. But on an average the provided water is about 65L 

per day per person. This is about half of the water requirement 

for human life. The situation in Bengaluru is about to get 

worse. Over the next decade, it is estimated that the water 

demand of the city is going to increase by 3 times. Only 30% 

of the sewage is treated by the sewage treatment plants and 

the rest flows into the existing lakes. The city's population 

rose from 53 lakhs in 2001 to 87 lakhs in 2011 and at the 

present rate of growth, it has likely touched one crore by 

2017. The city consumes 1700-1800 MLD of which 800 

MLD is from groundwater. BWSSB provides 61% of total 

demand of water in which about 80% is drawn from Cauvery 

River from a reservoir near the village of thorekadanahalli, 

and the remaining 20% is collected from the river Arkavathy 

from two reservoirs built on the river, Hesaraghatta and 

Thippagondanahalli Reservoir [3]. Bengaluru presently relies 

heavily on the water supplied from BWSSB, with 

approximately 60 to 70% of demand coming from this source. 

The groundwater table has dropped down from 90m to 300m 

below ground level [4]. The water is just being drawn from 

the ground and is not being replaced back by percolation due 

to the concreting and tar of the ground surface. Moreover, 

scientific studies on the groundwater level have revealed that 

an excessive exploitation is lowering the aquifer level, thus 

damaging the natural recharging capacity [5]. BWSSB 

supplies 900 million liters of water daily for the current 

demand for 1.3 billion liters, which shows that the city is 

facing a huge shortage of water daily [3].The above figures 

shows the steep gap between the water demand and supply, 

which necessitates immediate action in the direction of water 

conservation so as to make the city’s population self- 

sufficient and reduce the burden on ground water as well as 

Cauvery water.  
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 Rain water harvesting is a substantial step to be 

taken to prevent the water shortage which we might face in 

future. There is an important quote that is being widely used 

in the recent times saying “Harvest the rain water to remove 

thirst of the Earth”. This calls out for a crucial step to be taken 

at present in order to conserve the water that we receive as 

precipitation. In the present days, seeing the amount of 

rainfall occurring in the city, there is a huge scope for saving 

and storing the rainwater and reusing it for the miscellaneous 

uses and thereby reducing the dependence on the government 

or any other private water supply organizations. Thus, 

Rainwater harvesting (RWH) is considered to be the most 

sustainable solution for the urban cities in their water 

management system. Rainwater Harvesting (RHW) 

regulations imposed in 2009, is gaining popularity as 

sustainable water saving system in urban and rural areas. To 

contribute into the aspect of sustainable development, we 

have designed a Roof top RWH system for Global Academy 

of Technology (Refer figure 2), RR Nagar (refer figure 1), 

Bengaluru, and a water recharge system. The harvested water 

will be used for purposes such as gardening, flushing, 

cleaning, etc. The prime objective of this project is to fulfill 

the reduction in usage of water in the campus. 

A. What is the Demand? But how Much Water is supplied in 

Bengaluru? 

To understand the difference between water demand and 

water supply, the total demand has to be considered. That can 

be calculated from population data and per capita demand. 

According to BWSSB, demand for 2001 was about 1148 

MLD liters [9], including commercial use and loss in the 

system. As per capita demand is assumed to increase in the 

future, for 2030 the total per capita demand will stand at 2900 

MLD [8]. According to BWSSB, 2016 [24], the water supply 

is 1483 MLD [9] (considering service flow with 15% 

leakages), but the total demand is 1638 MLD [9] (assuming 

85%service area). So the deficit amount of water is about 155 

MLD. Since, the demand is more than the supplied water, 

there is a sincere need to find a source to fulfill this deficit 

amount of water. Therefore the water crisis becomes an issue 

of threat in the near future. In 1991 the total demand was 924 

MLD, which turned to 1476 MLD in 2010 due to the increase 

in the dimensions of the city and population [8]. Within 10 

years the demand increased by 1.6 times than expected. In the 

same way, the deficit crosses approximated value. In 2011 the 

deficit was 128 MLD, and in 2016 it has become 155 MLD, 

which is beyond expectations. But the government is trying 

to borrow the required amount of water from neighboring 

states to quench the demand needed and authorities are trying 

to reduce the shortage. Bengaluru is located in a hot and 

humid country, and its annual temperature (25∘C) categorizes 

the city as monsoon climate zone. The city receives by a huge 

amount of rainfall during the monsoon season, which gives 

an opportunity to use this rainwater for consumption.(Refer 

graph 2 ) 

 
Fig. 1: Total area of Rajarajeshwari Nagar, Bengluru 

 
Fig. 2: Global Academy of Technology, Rajarajeshwari 

Nagar, Bangalore 

II. Rainwater harvesting  

Rainwater harvesting is a sustainable way of generating water 

supply to oneself, recharging the groundwater and reducing 

the runoff during the heavy rainfall season. Basic knowledge, 

skills, and few easily available materials can be used for the 

construction of this system. During the rainy season, an 

individual can collect water from her rooftop and manage its 

storage on her own. Stored rainwater from rooftops can be 

used for their own domestic use or this water can be later led 

into deep wells to recharge groundwater directly. The quality 

of water has to be tested for before the utilization of drinking 

purpose. If it satisfies the allowable limits, then the water can 

be used for the water supply to the entire location. If needed, 

a disinfection treatment such as chlorination can be used to 

purify the water. The adoption of rainwater harvesting will 

increase rapidly if the system plan is incorporated with the 

building plan instead of fitting it externally later. 

A. Benefits of Rainwater Harvesting 

The advantages of rainwater harvesting are that: 

1) It can decrease the burden on the public water supply, 

which is the main source of city water. 

2) It can be used in case of an emergency (i.e., fire, cleaning 

etc.). 

3) It is cost efficient as installation cost is very low. 

4) It can reduce the pay for water bills. 

5) Groundwater level can be recharged during rainfall. 

B. Is the Rainwater Good Enough? 

The quality of harvested water is an important aspect, since it 

could be used for drinking purposes. Quality of stored water 

from roof top depends on both roof top quality and 

surrounding environmental conditions that is, local climate, 

atmospheric pollution etc. Tests must be performed to check 

its quality and applicability before using it as drinking water. 
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The tests that we performed out of the collected water in our 

site selected, showed that did not always meet standard limits 

for drinking, but can be use for the purposes of flushing and 

cleaning. Local treatment of harvested water could easily 

make water potable again. But rainwater is used for non-

potable uses such as the purpose of washing, toilet flushing, 

gardening etc. where quality is not of great importance. In this 

situation, treatment of collected water is of no such concern 

and therefore it is used for the above mentioned purposes. In 

this paper an assessment has been made on the quality of 

rainwater collected in the locality of our site. 

C. How is Rainwater Harvesting System Installed? 

Rainwater harvesting is a most effective technology that can 

be easily undertaken through normal equipments. Qualitative 

assessment of water thus collected, is important before using 

collected rainwater as potable water. In this paper, a case 

study has been made to check rainwater quality and quantity 

of rainwater that can be collected and used in the region of 

Rajarajeshwari Nagar. Global Academy of Technology is at 

a higher elevation of Rajarajaeshwari Nagar. The new block 

being constructed in the slope of the back gate of the institute, 

poses a higher potential of Rainwater harvesting being 

installed and adopted. Water samples were collected from the 

selected region of the half constructed building where a 

beaker was placed during the rainfall. The samples were 

tested in the Environmental Engineering Laboratory of 

Global Academy of Technology. The maximum amount of 

rainwater that can be collected from the roof top is 

V=A×R×C                                   (2.1) 

Where V is the amount of harvestable water 

A is catchment area R is total amount of rainfall C is the 

runoff coefficient (taken as 0.75) Equation (eqn.1) was used 

to calculate the quantity of harvested water from the building 

rooftop. The system is designed for meeting water 

requirements of 50 people living in each floor of 4 storey 

building. Total area was about 1135.95 m3 (meter cube). Per 

capita water consumption is about 30 LPCD for flushing use. 

The total water demand for this building is about 6000 liter 

per day and 150000 liters per month. To get an overview of 

the amount of collected rainwater, monthly average rainfall 

data from January to December has been considered, 

including the dry and monsoon periods. The runoff 

coefficient value was taken as 0.75 since the roof is concreted. 

Volume of rainwater collected was also an important aspect 

in introducing rainwater harvesting system for the building. 

In the selected time frame, maximum volume of water is 

collected during June and a minimum is collected during 

April. From this point of view, it can be said that, with larger 

catchment area, amount of harvested water will be 

considerable. 

III. DESIGN OF RWH SYSTEM 

The runoff coefficients for different surfaces from where the 

water is collected are Different is its own way. The surface 

with a smooth finish yields more water for the purpose of 

collection, where as a rough surface tends to provide lesser 

amount of water. The various runoff coefficients are listed in 

table 1. 

 

TYPE RUNOFF COEFFICIENT 

Well-constructed roof 0.9 

Galvanised iron sheets >0.9 

Tiles(glazed) 0.6 to 0.9 

Aluminium sheets 0.8 to 0.9 

Flat cement roof 0.6 to 0.8 

Organic( thatched roof) 0.2 

Table 1: Runoff Coefficients 

Different steps involved: 

 Obtaining the rainfall data 

 Obtain the number of students supplied with water and 

demand calculation 

 Estimation of total roof area 

 Calculation of total volume of water harvested 

 Selection of filter 

 Delivery system 

 Cost estimation 

1) Step 1: Rainfall data. 

Rajarajeshwari Nagar has subtropical climate. It receives 

southwest monsoon (June to October). Data taken from 

“Karnataka state natural disaster monitoring centre, 

Bangalore”. 

Months Av. Annual Rainfall (mm) Rainy Days 

Jan 2.3 0.2 

Feb 6.4 0.3 

Mar 16 1 

Apr 44.5 2.8 

May 96 5.5 

Jun 85.7 5 

Jul 100.3 6.9 

Aug 117.8 8.9 

Sep 194.6 9.3 

Oct 154.5 8.5 

Nov 43.9 3.3 

Dec 15.8 1.4 

Total 877.8 53.2 

Table 2: Rainfall Data 

 
Fig. 3: Rainfall Data 

2) Step 2: Water demand. 

Students estimated per floor: 50 nos 

Daily water demand per person: toilet flushing: 10 lts 

Number of floors = 4 nos 

Therefore number of people = 200 nos 

Demand = water use * number of students = 2000lts/day. 

Number of days used in a year = 365-60-60   = 245 days. 

Where 60 days include Saturday and sunday holidays. 

Where 60 days include semester holidays. 

Total demand = 2000lts/day * 245 days = 4,90,000lts/year. 

Total monthly demand = 40,833.33lts/month. 
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3) Step 3: Calculation of total Roof Area. 

From the terrace plan: 1135950100 mm2 = 1135.95 m2   

 
Fig. 4: Plan of the Terrace 

4) Step 4: Determination of total volume of water in a 

month. 

Considering the highest rainfall month of the year 

Rainfall endownment = rainfall * catchment area 

=194.6mm*1135.95m2 = 221.06 m3 

Runoff coefficient = 0.75  

Rainwater harvesting potential = endownment * coefficient = 

165.79 m3 => 166 m3 

Total amont of rain water harvented = 1,66,000lts for the 

highest rainfall month. 

5) Step 5: Volume of water for maximum Rainfall in a year. 

Rainfall endownment = rainfall * catchment area 

=877.8mm*1135.95m2 = 997.13 m3 

Runoff coefficient = 0.75  

Rainwater harvesting potential = endownment * coefficient = 

747.84 m3 = 748m3 

Total amount of rain water harvesting = 7,48,000lts of water 

for the year. 

6) Step 6: Design of storage tank. 

Let the storage be designed for average maximum monthly 

rainfall. 

Maximum amount of water to be stored in a month= 166 m3  

Providing the storage tank for a capacity of 10% of the 

obtained condition. 

Therefore the capacity to be provided is 16.6 m3 

Therefore the dimensions are = length: 2.6m 

Breadth: 2.6m 

Depth: 2.6 m ( inclusion of 0.5m free board) 

The actual dimensions will be 2.6m*2.6m*3.1m 

The storage tank is designed underground. R.C Tank of 

internal dimensions 2.6m*2.6m*3.1m is provided. Angle of 

repose of soil in dry state is 500. Adopting suitable working 

stress, Soil weights 19.613 KN/m3 according to soil 

replacement method. M-20 concrete and Grade- I steel are 

used. 

STEP 1: Permissible Stresses 

бst= 100 N/mm2, бct= 1.7 N/mm2, Q = 1.41, j= 0.84, m= 13 

STEP 2: Design of long walls 

Therefore provide 18mm dia vertical bars at 150mm c/c. 

Use 10mm dia bars at 100 mm c/c horizontally on both faces. 

STEP 3: Design of short walls. 

Therefore provide 18mm dia vertical bars at 175 mm c/c. 

Use 10mm dia bars at 100 mm c/c vertically on both faces. 

STEP 4: Design of roof slab. 

Therefore provide 18mm dia bars at 100 mm c/c. 

Adopt 8 mm distribution bars at 75 mm c/c. 

7) Step 7: Selection of filter  

Since the total area is dived into 2 parts for convenience 

The parameters considered for the selection of the filter are 

listed below: 

Suitable up to area: 350 SQMTRS 

Max: Intensity of 

Rainfall: 
75 mm/hr 

Working Principle : 
Cohesive Force 

&  Centrifugal  force 

Operating Pressure: 
Less than 2 feet of head 

(0.060kg/cm2) 

Capacity: 340 LPM 

Filter Element: SS-304 Screen 

Mesh Size: 250 Microns 

Inlet: 110 MM 

Clean Water Outlet: 90 MM 

Drain Outlet: 90 MM 

Housing: High Density Polyethylene 

Efficiency of Filter: Above 90% 

Table 3: Filter Specifications 

Therefore the filter thus selected is rainy filter FL-300. 

There are 2 filters installed. 

 
Fig. 5: Rainwater Filter 

Or 

There can be inspection chamber constructed at the same 

location as the filters installed. The inspection chamber 

consists of a silt purifying section. 
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Fig. 6: Suggested Installation 

 
Fig. 7: Inspection Chamber 

8) Step 8: Number of pipes and appurtenances. 

Total length of pipe required for collecting pipes: 67506mm 

= 68 m. 

Usage of PVC pipes is consider best since the loss due to 

friction and absorption is reduced. 

No of pipes thus required is15 no of pipes 

The diameter of pipes is restricted to 100mm. 

Number of bends required = 5 nos. 

Downfall pipe required is 2 nos with diameter 100mm 

Number of heads required: 2 

Enlarge and reducers to be used is 2 nos 

Gate valves used is 1 in number at the pipe between 

filter/inspection tank and storage tank. 

9) Step 9: Requirement of pump 

The requirement is to pump almost 8000 lts/day. 

This can be done 2 times a day 

1. Power HP/KW 1.5 HP / 746 W 

2. Operating Voltage 
Single Phase 150 to 250 

V 

3. Operating Current 6 Amp Max 

4. Discharge 100 LPM Max 

5. Max Motor Erection Depth 200 Feet 

6. Strongly Recomended For 
4.5 Inch and Above 

Diameter Bore Wells 

7. Power Consumption 0.75 Units/Hour 

8. Time to Fill 1000 Ltr Tank 8 To 12 Minutes 

9. Units Needs per Month 

For Four Person Family 
4 Units/Month 

Table 4: Pump Specifications 

Capacity of overhead tank must be 10,000 lt tank. 

IV. RESULTS & DISCUSSION 

The main focus of this paper is on the aspects, such as 

examining the quality of water with respect to standard 

values, analyzing benefits in terms of cost and considering 

water conservation and lastly suggesting the system as a 

potential source of water for the institution and the future. In 

this part, the quality of potentially harvestable water was 

checked considering parameters such as pH, total dissolved 

solids, turbidity, iron, chloride, alkalinity, calcium and total 

hardness. Two different collecting points were considered: 

water collected at the rooftop of adjacent building and the 

water presently being used in the institute. The obtained pH, 

turbidity, iron, chloride, alkalinity, calcium and total hardness 

level is quite below the standard limit. Table 5 shows the test 

results for the tests conducted. Therefore the water is 

considered good for the purpose. Due to the lack of proper 

maintenance, the BOD might increase in the tank water. 

Therefore the tank was designed underground. The sunlight 

can therefore completely be checked to enter into the storage 

tank and avoid growth of any organisms. Also, the ground can 

be used to walk around without any objections. 

A. Is the System Cost Efficient? 

In the costs for installation, the storage tank requires the 

largest investment, which is about 30% and 45% of the total 

cost of the system dependent on system size. A pump, 

pressure controller, and fittings in addition to the plumber’s 

labor represent other major costs of the investment. In the 

present case study, about 7,48,000 liter water i.e. around 7.5 

lakhs liters of water can be harvested from rain over one year. 

This amount of water could be collected within 1135.95 cubic 

meters of catchment area. The assumed consumption of the 

selected building stands at 4,90,000 liters i.e. 5 lakhs liters of 

water for a year. Therefore using of harvested rainwater for 

this building can save up to 50% of the conventional water 

supply. This volume of rainwater can serve a building with 

50 members on each floor of 4 storey building for about 3 

months in a year without the help of traditional water supply 

for the flushing purpose. The cost estimation table 6 below 

shows the investment required for the present plan. With this, 

the building can sustain for about 3 months without 

conventional source of bore water. In this duration, the 

underground water is left without any pressure. This helps in 

rejuvenation of underground water in the surroundings. This 

is therefore a sustainable development to bring down scarcity 

of water during summer. Installation of the rainwater 

harvesting system allows the groundwater recharge naturally. 

During rainy days, the water percolates into the groundwater 

table. When this groundwater is not pumped again back up, 

the water table rises gradually. This will later balance the 

water scarcity in summer. 

VI. CONCLUSION 

Water shortage is one of the critical problems in Bangalore 

city during the season of summer. This problem is not new 

one, and it cannot be solved overnight. As BWSSB relies on 

Cauvery water for the supply, the non-perennial river is a 

physical factor for the availability of water for the demand. 

Rainwater harvesting is an effective option not only to 

recharge the groundwater aquifer but also to provide adequate 
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storage of water for future use. This paper tried to focus on 

the sustainability and effectiveness of a rainwater harvesting 

system in terms of quality and quantity of a particular site. 

The overall quality of rainwater was quite satisfactory and 

implies that the system could be sustained during critical 

periods as well as normal periods. Additionally, the system is 

cost effective as large amounts of money can be saved per 

year. The small and medium residential and commercial 

construction can adopt this system as sustainable option of 

providing water. It is almost the only way to upgrade one’s 

water supply without waiting for the development of 

community system. The system could become a good 

alternative source of water supply in Bangalore City to cope 

up with the ever-increasing demand. The awareness about the 

system of rainwater harvesting should be made and should be 

accepted by the respective authorities as well as by the city 

population. 
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