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Abstract

Performance assessing and economic analysis of rainwater harvesting
systems, which is one of the most effective methods to deal with the crisis
of water scarcity, will lead to better management of these systems. The
purpose of this study was to evaluate the performance of rainwater
harvesting systems, Musanejad dormitory and sports club buildings in
Tarbiat Modares University, Faculty of Agriculture were selected as study
areas. Then, the 22 years old daily precipitation data of the Chitgar
Weather Station was prepared. System simulation was performed in
Matlab software and reliability and overflow ratio of storage tanks were
determined. The Genetic Algorithm was used to determine the optimal
volume of the tanks of both buildings and finally, an economic analysis
of these systems was carried out using the Net Present Value method and
benefit-cost ratio. The results showed that the optimum volume of tanks
for the Sports Club and Musanejad dormitory was 2,415 and 1 cubic
meters, respectively. These tanks can store up to 82 and 120 cubic meters
of water per year, respectively. The results also showed that the
performance of rainwater harvesting systems was beneficial for the
Musanejad dormitory but had no economic justification for the sports club
due to low demand and high overflow.

* Corresponding Author: Mahdi Kouchakzadeh

Address: Associate Professor of Irrigating and Drainage
Engineering, Tarbiat Modares University, Tehran, Iran.

Email: Kouchakm@Modares.ac.ir
Tel: +982148292600

Hadi Shokati, Mahdi Kouchakzadeh, Aliakbar Noroozi. Reliability, Optimization and Economic Analysis of the

Rainwater Harvesting System from the Rooftop


mailto:Hadi99Shokati@Gmail.Com
mailto:Kouchakm@Modares.ac.ir
mailto:Noroozi.aa@Gmail.Com
mailto:Kouchakm@Modares.ac.ir

269 _ Iranian Journal of Irrigation and Water Engineering

1. Introduction

Water supply in Iran has become an important problem due to climate diversity, over-extraction
of groundwater and rapid population growth. One of the management strategies to reduce the
pressure on water resources is the use of rainwater harvesting systems which can be used to meet
some of the non-potable water demands. Economic analysis of these systems plays an important
role in convincing users to adopt a rainwater harvesting system. In recent years, rainwater
harvesting as one of the most important alternative sources of water has received more attention
and various researches in this field have been conducted in different parts of the world. Mehrabadi
et al. (2013) showed that at least 75% of the non-potable water demands of ordinary buildings can
be met in approximately 70% of rainwater storage time. Rahman et al. (2014) evaluated the
performance of rainwater harvesting systems in Dhaka, Bangladesh. The results showed that from
a catchment area of 170 m2, 11% of potable water consumption can be saved annually, which can
meet the demand of a building with 60 inhabitants for 1.5 months. Lani et al. (2018) compared
the economic benefits of the rainwater harvesting system in terms of reliability percentage, net
present value, payback period, benefit to cost ratio and return on investment in two small and
large buildings in Malaysia. The results showed that the economic benefits of the proposed system
are strongly influenced by the tank size and water tariff, so that the rainwater harvesting system
for a large building has a better net present value, return on investment, benefit to cost ratio and
payback period than the small system, which shows the greater economic benefits of larger
systems.

2. Materials and Methods

In this paper, to designing, optimizing and economically analyzing of rainwater harvesting
systems from roof surfaces, two buildings located in the Faculty of Agriculture of Tarbiat
Modares University were selected as the study sites. Reliability, overflow ratio as well as
optimization of the mentioned systems were determined using relationships and equations. Also,
the economic analysis of these systems was performed using the Net Present Value Index (NPV)
and the Benefit to Cost Ratio and comparing the initial costs and the annual maintenance costs of
the system with the annual profit.

3. Results

Tank volume optimization was performed using the Genetic Algorithm. The results showed that
the optimal volumes of the tank for the Sports Club and Musanejad dormitory are equal to 2.415
and 1 m3, respectively. These results show that due to the high water demand in the Musanejad
dormitory, most of the received runoff is consumed on the same day and the tank is emptied at
the end of the day. Therefore, there is no need to install a larger tank to store water for the next
day. Therefore, the optimal tank volume in this building is less than in the Sports Club building.

4. Discussion and Conclusion

The economic analysis of the rainwater harvesting system was done by considering the optimal
volumes of the tanks and their purchase and installation costs, as well as the income from water
storage. Also, the rate of return on investment was considered equal to 12 %. Economic analysis
of the tank volumes showed that the implementation of the rainwater harvesting system for the
Sports Club has no economic justification, which is due to low demand and consequently high
overflow. While the implementation of this system for Musainejad dormitory, despite the smaller
surface area of the tank compared to the Sports Club building, is justified because of the high
demand for water in this dormitory, which reduces the cost of buying a tank and storing more
water.
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Reliability, Optimization and Economic Analysis of the Rainwater
Harvesting System from the Rooftop

Hadi Shokati', Mahdi Kouchakzadeh*'¥, Aliakbar Noroozi'*

Abstract

Performance assessing and economic analysis of rainwater harvesting systems, which is one of the most
effective methods to deal with the crisis of water scarcity, will lead to better management of these
systems. The purpose of this study was to evaluate the performance of rainwater harvesting systems,
Musanejad dormitory and sports club buildings in Tarbiat Modares University, Faculty of Agriculture
were selected as study areas. Then, the 22 years old daily precipitation data of the Chitgar Weather
Station was prepared. System simulation was performed in Matlab software and reliability and overflow
ratio of storage tanks were determined. The Genetic Algorithm was used to determine the optimal
volume of the tanks of both buildings and finally, an economic analysis of these systems was carried
out using the Net Present Value method and benefit-cost ratio. The results showed that the optimum
volume of tanks for the Sports Club and Musanejad dormitory was 2,415 and 1 cubic meters,
respectively. These tanks can store up to 82 and 120 cubic meters of water per year, respectively. The
results also showed that the performance of rainwater harvesting systems was beneficial for the
Musanejad dormitory but had no economic justification for the sports club due to low demand and high
overflow.
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