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Abstract: This paper introduces a proposal for reservoir volume calculation in rainwater harvesting systems. The proposed method can 
be used for reservoir volume design in rainwater harvesting systems and is based on three important variables. These variables are 
water demand, system efficiency and repayment time. Several simulations were carried out in different scenarios considering typical 
values of both catchment area (for low-income and medium-income households) and water demand, with fixed water and tank costs. 
Results showed that the integrated analysis of demand, efficiency and repayment time may assist designers to determine a more 
adequate reservoir volume. 
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1. Introduction 

An appropriate storage volume is essential for 

reservoir design of rainwater harvesting systems. It is 

crucial to maximize tank use as well as to minimize 

repayment time, especially in developing countries 

where the initial cost can be extremely high. 

Several methods with their different fundamentals 

for tank volume calculation are described on the 

Brazilian Standard Norm [1]. Some of them are 

essentially empirical and based on international 

experiences. Others are based on supplying full 

demand, which suggests the need of high volume tanks, 

resulting in high investment costs. The volume of 

reservoirs can substantially vary from one method to 

another for the same input [2], making it difficult for 

designers to choose a method. Here, we performed a 

rational analysis for tank volume calculation based on 
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efficiencies (attending and harvesting), water demand 

and repayment time for several scenarios. 

In addition, our presented analysis covers a 

relatively wide range of roof areas, from low-income 

and medium-income households to warehouses. It is 

important to point out that small areas are critical for 

designing rainwater harvesting systems that will 

contribute partially to the water supply in urban areas. 

2. Methods 

The analysis of the main system variables was 

conduct based on the daily mass balance in the 

reservoir, for one year only, considering that the tank is 

fully emptied for maintenance, as recommended by 

NBR15527/07:  

S(i) = Vp(i)+S(i-1)–D(i), i = 1,2…365 dias   (1) 

where, S(i),S(i-1) = volume of water in reservoir,Vp(i)= 

rainwater volume, D(i) = daily demand. 

The pluviometric data from 1961 to 1990, for the 

city of São Paulo, were downloaded from HIDROWEB 

[3]. The daily rainwater availability was estimated 
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through Eq. (2), as recommended by NBR15527/07, 

subtracting the first-flush (ff). 

Vp(i) = (C x P(i)xA x η) –ff       (2) 

where, P(i) = average precipitation,A = catchment 

area,C = runoff, and η =catchment efficiency. 

Additionally, the following variables were defined: 

Attending efficiency (Ea, 0 < Ea < 1): 

 

where, Va(i) = used volume 

Harvesting efficiency (Eh, 0 < Eh < 1) 

 

The Eh parameter indicates the harvesting potential 

and may fix the reservoir maximum use. 

The assumptions used in the simulations were: (1) 

constant daily demand, (2) the demand is lower than or 

equal to the total rainwater availability, (3) the 

maximum demand is equal to the rainwater availability, 

which implies Ea = Eh, and (4) rainwater supply is 

equal to the maximum demand for studying different 

cost scenarios. 

The investment return was calculated considering 

the prices of fiberglass tanks in PINI [4], 7% of interest 

tax [5] (Table 1), and government subsidy of 2%. 

Drinking water cost was estimated to be R$2.02·m-3 

according to SNIS [6]. The adopted values of C, ff and 

η were 0.8, 2 mm and 0.9, respectively. 

Based on the tank prices presented in PINI [4], a 

non-linear regression was performed to correlate 

reservoir unit cost with volume values within ranging 

from 6 to 15 m3. This procedure was adopted because 

prices for this volume range were not available. 
   (3) 

where, y = unit cost (R$/dm3), x = tank volume (dm3) 

All simulations were carried out according to the 

algorithm shown in the Fig. 1. The simulated scenarios 

take into account variations in some parameters, such 

as: roof areas, rainwater demand, drinking water cost, 
 

Table 1  Tank size, cost and interest tax. 

Tank (m3) 
Tank Cost 
(R$)1 

Tank Cost 
(US$)2 

Interest tax 
(%)3 

0.5 127.19 70.82 

7.0 1 217.23 120.96 

3 544.53 303.21 

6 1,065.50 593.3  

15 2,654.89 1,478.31  
1PINI[4], 21.7959 R$/US$ reference dez/2007, 3Brazil-Central 
Bank [5]. 
 

 
Fig. 1  Flow chart of the algorithm utilized for simulations. 
Vp= rainwater volume; Va = used volume; P = precipitation; c 
= runoff coefficient; Vr = assumed (or adopted) tank volume; 
Disp(t) = delivered volume (correspondent to the sum of used 
volumes); N(t) = fail counter (computes the number of times 
that the tank is empty); ff = first flush; Ov = overflow; t = time 
(days). 
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Fig. 3  Efficiencies, payback time and demand relationship for several reservoir volumes, data: roof area = 60 m2, ff = 2 mm, C = 
0.85, η = 0.9, tank cost (Table 1), and drinking water = R$2.02/m3. 
 

 
Fig. 4  Efficiencies, payback time and demand relationship for several reservoir volumes, data: roof area = 150 m2, ff =2 mm, C = 
0.85, η = 0.9, tank cost (Table 1), and drinking water = R$2.02/m3. 
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Fig. 9  Tank 
from SNIS [6]
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