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Abstract

Due to the increase in population and the uncertainty of safe
water supply, the use of rainwater harvesting systems has
gained popularity in recent years. This research has evaluated
the technical and financial feasibility of these systems in the
production of packaged water at Sari University of
Agricultural Sciences and Natural Resources. In the first step,
daily rainfall was predicted for the period of 2022-2047 using
the historical data of Dashtnaz weather station in Sari and those
of the GFDL-CM3 climate model. The daily Water balance
modeling and financial indicators (IRR, NPV, and B/C) were
used to analyze the technical and financial aspects of the
systems with catchment levels of 200, 850, and 1700 m?2.
Findings showed that aiming at supplying the daily
requirement drinking water of the university, increasing the
daily treatment capacity of this system has no effect on its
performance in this area. According to the financial index,
storage tanks with volumes of 8, 20, and 40 m? are suitable for
systems with catchment levels of 200, 850, and 1700 square
meters, respectivel The financial indicators (IRR, NPV and
B/C) were respectively 45%, 917 million Rials and 1.2 for the
catchment area of 200 m?, 103%, 4768 million Rials and 1.31
for the catchment area of 850 m?, and 117%, 8918 million
Rials and 1.33 for the catchment area of 1700 m2,
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Fig. 1- Location of Sari Agricultural Sciences and Natural Resources University (pilot)
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Fig. 2- Components of rainwater harvesting system (1- first flush, 2- water storage tank, 3- pump, 4- sand
filter, 5- chlorination step, 6- mineral filter, and 7- packaging)
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Table 1- The cost of initial investment and current costs estimated for the implementation of rainwater
harvesting system for the treatment capacity of 4.5 m>.day™! (million Rials)

(JUy 0raalee) 595 93 xSo pio ¥/ bl Cud b (51 (41,b o Jlasu! dilobw (5 b 9 4yl (g 18 alo jow 4l 32 —) Joas

Roof Tank Initial investment costs Current costs

srﬁf Srﬁs Tank  Pump*  Treatment 5 :Jrssr: I mgitieg:]e " Total Packaging O&M  Total
200 5 120.0 30.0 400.0 40.0 59.0 649.0 716.8 4 7207
200 8 197.0 30.0 400.0 40.0 66.7 733.7 788.6 4 793.0
200 12 2980 300 400.0 40.0 76.8 8448 827.0 S 832.1
200 20 4643 300 400.0 40.0 93.4 1027.7 8354 6 8415
200 30 707.9 30.0 400.0 40.0 117.8 1295.7 835.7 8 8435
200 40 9285 30.0 400.0 40.0 139.9 1538.4 835.7 9 844.9
200 50 11769  30.0 400.0 40.0 164.7 18116 835.7 1 846.6
850 120.0 30.0 400.0 170.0 72.0 7920 1407.2 5 1412.0
850 1970 300 400.0 170.0 79.7 876.7 1875.2 S 1880.5
850 12 298.0 30.0 400.0 170.0 89.8 0878 2307.8 6 2313.7
850 20 4643 30.0 400.0 170.0 106.4 1170.7 2817.3 7 2824.3
850 30 707.9 30.0 400.0 170.0 130.8 1438.7 31322 9 31408
850 40 9285  30.0 400.0 170.0 152.9 1681.4 3296.5 10 3306.5
850 50 11769 300 400.0 170.0 177.7 1954.6 3401.6 12 3413.3
1700 1200 300 400.0 340.0 89.0 9790 1635.2 1641.0
1700 197.0 30.0 400.0 3400 96.7 1063.7 2270.7 2277.1
1700 12 298.0 30.0 400.0 3400 106.8 11748 2926.1 2933.2
1700 20 4643 300 400.0 340.0 1234 13577 3857.4 8 3865.6
1700 30 707.9 30.0 400.0 340.0 147.8 1625.7 4616.6 10 4626.3
1700 40 9285 30.0 400.0 340.0 169.9 1868.4 5112.9 1 5124.1
1700 50 11769  30.0 400.0 340.0 194.7 21416 5471.9 13 5484.8

b 03l caoy K5 51 slangs b (coled (gl cnoy L5 D90 JLid g dbual b b g cb 4 asg L F
* Considering similar treatment capacity and required pumping pressure, same pump is considered for all scenarios.
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Fig. 3- Average monthly rainfall in the historical period and the future period under RCP4.6 and RCP8.5
climate scenarios
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Fig. 4- Annual average of runoff from 200, 850 and 1500 m2 roofs in the past and future period under RCP4.6
and RCP8.5 climate scenarios
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Fig. 5- Time (a) and volumetric (b) reliability curves of the RWH system in different tank size using YBS and
(2000-2020) YAS algorithms at different Catchment area levels in the historical period
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Fig. 6- The effect of climate change on Rv (a) and Rt (b) when meeting the maximum daily requirement of
packaged drinking water through storage in different tank sizes and different catchment surface sizes
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Fig. 7- Changes of Rv and Rt for different daily treatment capacities at different levels of the catchment (a)
and Rv values in the maximum daily requirement of packaged drinking water (Rv_WD) and the maximum
daily treatment capacity (Rv_5Sm3) with different tank sizes and different levels of the catchments (b)
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Fig. 8- The annual volume of produced drinking water (a) and Rb and Rt index values (b) with the installation
of the selected treatment unit and using different storage volumes
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1- Rain Water Harvesting (RWH)

2- National Centers for Environmental
(NCEP)

3- Yield-After-Spillage (YAS)

4- Yield-Before-Spillage (YBS)

5- Volumetric Reliability (Rv)

6- Time Reliability (Rt)

7- Benefit-Cost Ratio ((B-C) Ratio)

8- Net Present Value (NPV)

9- Internal Rate of Return (IRR)

Prediction
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Table 2- Benefit—cost ratios, Net Present Value and Internal Rate of Return for different catchment areas
and tank sizes
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catchment area (m?)

Tank size 200 850 1700

(m3) B/C NPV  IRR B/C NPV IRR B/C NPV IRR
) (MRIs.) (%) ) (MRIs.) (%) ) (MRIs.) (%)

5 1.20 852 47 1.28 2168 76 1.27 2459 71

8 1.20 917 45 1.30 3073 91 1.30 3719 91

12 1.18 884 41 1.31 3876 100 1.32 4995 106

20 1.14 713 34 1.31 4768 103 1.33 6781 121

30 1.08 438 27 1.30 5160 93 1.33 8115 121

40 1.03 188 23 1.29 5259 83 1.33 8918 117

50 0.98 93 19 1.28 5200 74 1.32 9397 109
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