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ABSTRACT 

Although water is as important for survival of human being as much as food, air etc, but hardly any attention is paid for 

its economical use and conservation of this precious resource. Due to indiscriminate pumping of ground water, the water 

table is going down abnormally and if the problem is not given a serious look, then the future generations may have to 

face severe crisis of water. Rains are the main source of water and if rain water is harvested, the scarcity of water can be 

eliminated altogether. This is an ideal solution of water problem where there is inadequate groundwater supply 

quantitatively and qualitatively and surface sources are either lacking or insignificant. Rain water is bacteriologically 

pure, free from organic matter and soft in nature. In urban areas, rain water available from rooftop of buildings, paved 

and unpaved areas goes waste. This water can be stored in tank and can be used directly and also indirectly by diverting 

to recharge the aquifers through existing GW tapping arrangements and thereafter can be utilized gainfully at the time of 

need. The paper aims towards the development of the framework for domestic rooftop harvesting for drinking water. The 

paper is based on the analysis of survey record of around 50 houses of different rooftop areas of peri-urban area of 

Dhule city. The estimation of the appropriate size of the water tanks and their costs required to fulfill the annual drinking 

water demands through Domestic Rooftop Water Harvesting (DRWH) from rooftop of different areas are done. A 

mathematical equation expressing the relationship between the required size of water tank and different rooftop areas is 

developed. The DRWH systems for all houses are designed considering the existing rain water outlets and cost 

estimation for each individual house is done. A cost model expressing the relationship between rooftop area and cost of 

DRWH system is developed.  

Keywords: cost model, direct roof top water harvesting system, rain water harvesting, unit cost.  

 

 INTRODUCTION  

Water is the most common or major substance on the earth, covering more than 70% of its surface. Out of the 

total volume of water available on the surface of the earth, only 2 percent (over 28,000,000 km
3

) is fresh 

water. The fresh water is used for the purpose of human use, industries and agriculture. The different forms of 

fresh water in which it is available on earth are given in Table-1 [2]. 

 

 S.No.  Water type  Volume (1000 km
3

)  %of total global volume  

1  Glaciers  24,000  85.000  

2  Ground Water  4,000  14.000  

3  Lakes& Reservoirs  155  0.600  

4  Soil Moisture  83  0.300  

5  Atmospheric Water  14  0.050  

 6  River Water  1.2  0.004  

 28,253.20 100.00 

Table-1. Worldwide Distribution of Fresh Water. 
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 In India, the water availability per capita is declining. The per capita availability of water at the national level 

is reduced from about 5,177 m
3 

in the year 1951 to the present level of 1,869 m
3

. The prominent reasons 

behind are the increasing demand for water due to the increasing population and extensive use of water by 

agricultural sector, which continues to be the single largest consumer of water [2, 3].  

In fact India is blessed with adequate rainfall as a whole, yet there are large swathes of dry and drought prone 

area. In many places the quality of groundwater is not good. In such places rainwater harvesting may provide 

lifeline for survival. 

 

 Rainwater Harvesting 

 The human civilization, entirely depend upon rivers, lakes and ground water to fulfill their water demands. 

However rain is the ultimate source that feeds all these sources. The implication of rainwater harvesting is to 

make optimum use of rainwater at the place where it falls i.e. to conserve it without allowing it to drain away. 

Rainwater harvesting is an ancient technique enjoying a revival in popularity due to the inherent quality of 

rainwater. Rainwater is valued for its purity and softness. It has a nearly neutral pH, and is free from 

impurities such as salts, minerals, and other natural and man-made contaminants. Archeological evidence 

attests to the capture of rainwater as far back as 4,000 years ago. The concept of rainwater harvesting in China 

is as old as 6,000 years. Ruins of cisterns built as early as 2000 B.C. for storing runoff from hillsides for 

agricultural and domestic purposes are still standing in Israel [3]. 

 

Need for Rainwater harvesting  

Due to over population and higher usage levels of water in urban areas, water supply agencies are unable to 

cope up demand from available surface sources especially during summer seasons. This has led to digging of 

individual tube wells by house owners. Even water supply agencies have resorted to ground water sources by 

digging tube-wells in order to augment the water supply.  

The replenishment of ground water is drastically reduced due to paving of open areas. Indiscriminate 

exploitation of ground water results in lowering of ground water table (GWT) rendering many bore-wells dry, 

which has led to drilling of bore wells of greater depth. This further lowers the water table such frequent 

fluctuations in GWT results in presence of higher concentration of salts in ground water. In coastal areas, over 

exploitation of ground water results in seawater intrusion thereby rendering fresh ground water bodies’ saline 

[4].  

In rural areas also, government policies on subsidized power supply for agricultural pumps and piped water 

supply through bore and open dug wells are resulting into decline in GWT. The solution to all these problems 

is to replenish ground water bodies with rainwater by manmade means [3]. 

 

Benefits of Rainwater Harvesting 

The rainwater’s environmental advantage and purity over other water alternatives makes it the sustainable 

option, even though the precipitation cycle may fluctuate from year to year. The collection of rain water not 

only leads to conservation of water but also energy since the energy input required to operate a centralized 

water system designed to treat and pump water over a vast service area is bypassed. Rainwater harvesting also 

lessens local erosion and flooding caused by runoff from impervious cover such as pavement and roofs, as 

some rain water is captured and stored. Rain water quality almost exceeds that of ground or surface water as it 

does not come into contact with soil and rocks where it dissolves salts and minerals and it is not exposed to 

many of the pollutants that often are discharged into surface waters such as rivers, and which can further 

contaminate groundwater. However, rainwater quality can be influenced by characteristics of area where it 

falls, since localized industrial emissions affect its purity. Thus, rainwater falling in non-industrialized areas 

can be superior to that in cities which are dominated by heavy industry or in agricultural regions where crop 

dusting is prevalent [5]. 
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Rooftop Water Harvesting  

Rooftop water harvesting is a process of collecting of runoff during rains from impermeable surfaces on 

houses or close to houses, its storage in water proof vessels and its subsequent use for the inhabitants of the 

houses. The use may be temporary (with in a day or so following a rainstorm), seasonal (throughout the rainy 

season) or permanent (throughout the year) except in years of exceptionally low rainfall. The rain water from 

the roof may also be used for recharging the ground water through nearby water sources such as open dug 

wells or bore wells. It may be achieved in the case of storing the harvested water from roof by diverting the 

excess water for ground water recharge and in absence of storing vessel by diverting all the water for ground 

water recharge.  

Rooftop rainwater harvesting for household purpose only represent a small part of the total water balances. In 

areas with significant variations in the annual rainfall pattern, the matching of water supply and water demand 

may be difficult. However, in terms of economic and human welfare it has a crucial role to play. Rainwater in 

many cases is the easiest to access, most reliable, and least polluted source. It can be collected and controlled 

by the individual household or community as it is not open to abuse by other users [1, 6].  

 

PROPOSED DRWH-A CASE STUDY FOR GUNA CITY 

Rainfall Data for Guna Town 

A rain gauge station is located in the central part of the city. The daily rainfall records from 2005 to 2015(in 

mm) is made available and used for the purpose of analysis (Table-2).  

 

Months 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Avg. 

Jan 14.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.27 

Feb 0.00 0.00 0.00 16.00 0.00 0.00 14.00 0.00 0.00 0.00 0.00 2.73 

Mar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.36 

April 0.00 40.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.68 

May 0.00 0.00 0.00 18.00 14.00 0.00 0.00 0.00 20.00 0.00 0.00 4.73 

Jun 77.10 88.55 116.00 115.00 94.00 173.00 129.50 224.50 192.00 53.00 85.50 122.56 

Jul 137.25 104.05 152.70 62.00 137.00 36.00 14.00 176.55 311.00 85.00 149.50 124.10 

Aug 115.30 124.05 167.80 32.00 30.00 115.00 108.00 179.00 154.00 37.00 229.00 117.38 

Sept 169.05 74.00 158.00 50.00 27.00 68.00 147.00 155.00 140.00 137.00 169.00 117.64 

Oct 146.50 87.50 134.00 230.00 0.50 63.00 0.00 0.00 7.00 0.00 32.00 63.68 

Nov 0.00 12.00 18.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 2.91 

Dec 0.00 45.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.09 

Annual 659.20 575.65 746.50 523.00 302.50 455.00 414.50 735.05 824.00 312.00 669.00 565.13 

Table-2. Monthly Average Rainfall Data 2005-2015. 

 

METHODOLOGY  

Around 50 houses having different rooftop area are surveyed. The DRWH potential for different sizes of 

rooftop is estimated. The annual rainfall quantum in Dhule town is less and hence the gross demand of a 

family can not be fulfilled by DRWH and at the same time number of days of rainfall is another constraint. 

The estimation of the size of the water tanks to fulfill drinking and cooking water demand @ 8.00 LPCD & 

their costs required to fulfill the annual drinking water demand through DRWH from rooftop of different areas 

are done. A general mathematical equation expressing the relationship between the size and cost of water tank 

and rooftop areas of different houses is developed.  
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The cost estimations of proposed DRWH system for all houses are doe and a cost model expressing the 

relationship between rooftop area and cost of DRWH system is developed. The flowchart as shown in Figure-

1, presents the overall procedure of the work.  

 

 

Figure-1. Flow chart showing overview of methodology. 

 

Tank size and GW recharge from different rooftop areas  

The estimations of tank sizes to fulfill the drinking and cooking water demands @ 8.00 LPCD are done. The 

sizes of water tanks and the overflow from tanks for GW recharge are estimated. The month wise status of 

quantity of water available in the water tanks of different capacities are estimated. A sample calculation for 50 

m
2 

rooftop area is shown in Table-3. Similarly the size of tanks, ground water recharges and cost of tanks for 

different rooftop top areas e.g. 100.00, 150.00, 200.00 and 250.00 m
2 

are estimated. 

 

RESULTS AND DISCUSSIONS 

Sizes and costs of water tanks 

The general mathematical equation expressing the relationship between the required size of water tank and 

rooftop area is –  

V = 16.8. A + 8502 

where; V =Volume of Water Tank Required to fulfill the Drinking and Cooking Demand in Litres and A = 

Rooftop Area in m
2

. The general mathematical equation expressing the relationship between the cost of water 

tank and the roof top area size of water tank in litres is 
T 

= 1.0022. V + 4332.80 …. (2)  

Where; C
T 

= Cost of Water Tank in rupees, V= size of water tank in liters. 
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Months 

Rooftop area in m
2 

50 100 150 200 250 

% of total demand fulfilled from DRWH 

Jan 0.44 0.88 1.31 1.75 2.19 

Feb 1.04 2.07 3.11 4.14 5.18 

Mar 0.13 0.25 0.38 0.50 0.63 

April 1.31 2.61 3.92 5.22 6.53 

May 1.62 3.24 4.86 6.48 8.10 

Jun 43.41 86.82 130.23 173.63 217.03 

Jul 42.54 85.07 127.60 170.14 212.67 

Aug 40.23 80.47 120.69 16.93 201.15 

Sept 41.67 83.33 125.00 166.66 208.33 

Oct 21.83 43.65 65.48 87.31 109.14 

Nov 1.03 2.07 3.09 4.13 5.16 

Dec 1.40 2.81 4.21 5.61 7.02 

Table-3 Percent of water demand fulfilled by DRWH from different roof-top areas. 

 

Cost Model for DRWH System  

A survey of around 50 individual houses in periurban area of Guna town is conducted, out of which 43 single 

storey houses are selected for study. The DRWH is planned for these houses considering the existing roof’s 

drainage system. The minimum size of the drainage pipe is taken as 63 mm. The quantity of pipe and other 

relevant items are measured as on actual up to the boundary limit of the plot of the house, in such a way that 

the harvested water can be used for purpose of ground water recharging or and for direct use or for both. The 

filter box’s cost is taken for the size of 1.16 x 1.16 x 0.90 m. The cost of filter box for roof top area more than 

70.00 m
2 

& less than 100.00 m
2 

is considered as 1.25 times more than the cost of basic size and 1.50 times 

more in case, if area exceeds 100.00 m
2

.The cost estimation of DRWH for the surveyed houses is shown in 

Table-5. The plot of cost of DRWH versus the area of rooftop of 43 houses surveyed is shown in fig.-2. 

 

 

Figure-2. Cost model of DRWH system. 
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LIMITATIONS AND FUTURE SCOPE OF STUDY 

The size of the water tank required to fulfill the drinking and cooking water demand of a family from DRWH 

from rooftop area of different sizes, as expressed by mathematical equations is exclusively for area of study. 

Similarly by using same procedure the sizes and costs of water tanks for different areas having different 

rainfall may be estimated. All such calculations are based on the mean rainfall however the calculations on the 

basis of median rainfall may give more realistic output. In planning of DRWH system for different houses, the 

rainfall intensity is not taken into account. The inclusion of rainfall intensity in planning and design process 

may give more scientific basis for design of DRWH system. The cost of the DRWH system as estimated is 

based on the existing outlets provided in the rooftop. This is the main reason of the higher cost of system. The 

cost of DRWH system may be appreciably less if the planning of the houses is done bearing in mind the 

DRWH system. 
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