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Abstract

This study evaluated the economic aspect of the rainwater harvesting facilities by hydrologically analyzing the inflow,
rainwater consumption, rainfall loss, tank storage, and overflow time series to derive the net rainwater consumption and the
number of days of rainwater available. This study considers several rainwater harvesting facilities in Seoul National
University, Korea Institute of Construction Technology and Dagjon World Cup Stadium and the results derived are as follows.
(2) Increasing the water consumption decreases the number of days of rainwater available. (2) Due to the climate in Korea, a
larger tank storage does not increase the amount and the number of days of water consumption during wet season (June to
September), but a little in October. (3) Economic evaluation of the rainwater harvesting facilities considered in this study
shows no net benefit (private benefit). (5) Flood reduction effect of rainwater harvesting facilities was estimated very small to
be about 1% even in the case that 10% of all the basin is used as the rainwater collecting area.
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Table 1. Daily water demand scenarios used for estimating rainwater use

Facilities Daily water demand (ton/day) Description
6 Daily rainwater consumption (before August, 2004)
SNU 21 Daily rainwater consumption (after August, 2004)
187 Daily water consumption (From March to July, 2004)
05 Daily rainwater consumption (From July, 2003 to June, 2004)
KICT 1 Twice daily rainwater consumption (scenario)
8 Daily water consumption (From March, 2004 to July, 2004)
Dagjeon WCS 150 Daily water consumption
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Fig. 1. Rainfal, storage, consumption, loss and overflow data generated for the SNU rainwater utilization system with the storage
tank capacity of 200 ton and the daily demand of 6 ton.
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Fig. 2. Daily amount of rainwater consumption and number of days available.
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Table 2. Summary of severa rainwater utilization facilities in Korea
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Location of facilities location area capacity demand Usage
(m°) (m°) (ton/day)
Korea institute of construction technology Roof 427 40 7.9 TOIIE.t flushing, garden irrigation,
washing
Seoul national university Roof 2,098 200 6 Toilet flushing, garden irrigation
Gal-Moi middle school Roof - 60x2 - Garden irrigation, washing
Wang-Gok elementary school Roof - 12 - Gardgn and pond irrigation,
washing
Incheon world cup statium Roof 17,500 600 - Lawn irrigation
Daejeon world cup statium 'B.ottom Of. 8,362 200 - Lawn irrigation
auxiliary stadium
Jeonju world cup statium Roof 13,650 710 - Lawn irrigation, fire protection
Seoguipo world cup statium Roof 14,200 500 - Lawn irrigation, fire protection
Suwon world cup statium TO:J adiSIutri of 425,500 24,500 - Storm-water detention
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Table 3. Simulation conditions for evaluating the storage tank volume

Facilities Storage tank capacity (ton) Daily rainwater demand (ton/day) Number of cases
SNU 50, 100, 150, 200, 250, 300 6, 21, 187 18
KICT 25, 49, 75, 100, 125, 150 05 1,8 18

Daejeon WCS 100, 200, 300, 400, 500, 600 150 6
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Fig. 4. Variations of the volume of rainwater consumption and the number of days available to the storage tank volume variations
(SNU, daily rainwater demand: 6 ton, V means the storage tank capacity.
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Fig. 5. Same as Fig. 4 (SNU, daly rainwater demand: 21 ton).
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Fig. 6. Same as Fig. 4 (SNU, daly rainwater demand: 187 ton).
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Table 4. Costs for facility and maintenance
System Facility (won) Maintenance (won/year)
SNU 207,900,000% 971,600"
KICT 20,000,000” 263,200"
Dagjeon WCS 191,500,000% 925,700"
Y Yoo et al. (2003); ? MOCT (2004); ¥ Han et al. (2004)
Table 5. Commercial water price in Seoul (in 2005)
Amount of water use Tab water Sewage water Allotted charge of water Basic rate
(m?) (won/m’) (won/m®) use (won/m’) (won)
1-50 470 180 130 615,000
51-300 600 270 130 615,000
301- 680 300 130 615,000
% http://water.seoul .go.kr
Table 6. Commercia water price in Dagjeon (in 2005)
Amount of water use Tab water Sewage water Allotted charge of water Basic rate
(m?) (won/m®) (won/m?) use (won/m’) (won)
1-20 520 180 140 510,000
21-50 520 350 140 510,000
51-100 710 410 140 510,000
101-300 880 460 140 510,000
301- 880 490 140 510,000
% http://lwww.waterworks.daejeon.kr
Table 7. Monthly mean rainwater consumption estimated
SNU _
Month Daily rainwater demand (ton) KIcT Dageon WCS
(ton) (ton)
6 21 187
Jan 28.8 28.7 28.7 5.6 321
Feb 33.2 41.6 455 8.9 45.2
Mar 69.0 66.7 62.9 124 68.1
Apr 98.2 110.5 112.5 22.2 104.8
May 142.5 205.6 2118 42.0 150.5
Jun 144.0 2125 258.5 46.8 3138
Jul 186.0 454.3 639.8 110.3 363.0
Aug 186.0 450.9 813.1 1135 519.8
Sep 180.0 242.0 224.8 50.2 192.4
Oct 157.0 132.5 114.3 235 113.8
Nov 112.7 86.5 84.5 16.6 74.9
Dec 54.0 38.2 38.2 75 32.0
of Stk GAEHQ ARoVIE Bttt EE ol HFET) o A 2 ZF7] ARZY IR A shASEMNA
Z FEHHY e ZAAA Y FEolt = 7IdE & & s Aotk o £ HE0I&Y 7HA
£ oS Fole 9ol ¥4
323 ETRE MZED It 2 AFoAe td Ald dst AHEES 022 7HY
g olge tE 2R #4% FFAse Bhol Q1 T FEEE F AREZES v9E Feo 18 238
th 53], EFANY A9 HH S AAd AeR o A &2 BFE UF RYE to] dFFS Hlast
ZHa glom 53] =ARAGAANY EFFFY F7F 7t o BolthFg. 7). € €/Z9 Wst= Fg 84 YEeht
F 2 A9 shiE AFEa o @A, #2489 FF Utk 2 AF AL AlHY 2 10.5%(F-71: 12.8%),
Wol digte] dHAlY] trtE i e dEolA HlEl &AL A71d A9 B 9.6%(F7]: 105%), 18] L=
S ol &% HEAF ¥ oE 59 AFETFE AAY T4, AA718Y BFe 116%(F7]: 164%)E=Y F& AH
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WE9 Aot g o] & Fol 7Hsd JIvH 3 A FFE FA Gete ZdFdolH, 2N, A A
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Table 8. Net Present Value (NPV) and B/C ratio
SNU KICT Dagjeon WCS
Daily rainwater demand
Y ear 6 ton/day 21 ton/day 187 ton/day 8 ton/day 150 ton/day
NPV B/C NPV B/C NPV B/C NPV B/C NPV B/C
(won) ratio (won) ratio (won) ratio (won) ratio (won) ratio
1 -207,060,076 | 0.01 | -206,312,360 | 0.01 | -205,719,233 | 0.01 -19,297,314 0.05 -189,123,869 0.02
2 -206,265,821 | 0.02 | -204,811,046 | 0.02 | -203,657,042 | 0.03 -18,632,836 0.09 -186,876,936 0.03
3 -205,514,753 | 0.02 | -203,391,364 | 0.03 | -201,706,980 | 0.04 -18,004,488 0.13 -184,752,177 0.05
4 -204,804,523 | 0.03 | -202,048,874 | 0.04 | -199,862,949 | 0.05 -17,410,306 0.17 -182,742,948 0.06
5 -204,132910 | 0.04 | -200,779,381 | 0.05 | -198,119,185 | 0.07 -16,848,431 0.20 -180,842,968 0.07
6 -203,497,816 | 0.04 | -199578914 | 0.06 | -196,470,236 | 0.08 -16,317,107 0.23 -179,046,297 0.09
7 -202,897,254 | 0.05 | -198,443,721 | 0.07 | -194,910,945 | 0.09 -15,814,674 0.26 -177,347,318 0.10
8 -202,329,346 | 0.05 | -197,370,253 | 0.08 | -193,436,439 | 0.10 -15,339,559 0.29 -175,740,717 0.11
9 -201,792,318 | 0.06 | -196,355,153 | 0.08 | -192,042,107 | 0.11 -14,890,278 0.32 -174,221,474 0.12
10 -201,284,490 | 0.06 | -195395247 | 0.09 | -190,723,589 | 0.11 -14,465,426 0.34 -172,784,836 0.13
11 -200,804,274 0.07 -194,487,535 0.10 -189,476,764 0.12 -14,063,675 0.36 -171,426,314 0.14
12 -200,350,169 | 0.07 | -193,629,178 | 0.10 | -188,297,734 | 0.13 -13,683,768 0.38 -170,141,660 0.15
13 -199,920,756 | 0.08 | -192,817,493 | 0.11 | -187,182,811 | 0.14 -13,324,518 0.40 -168,926,857 0.15
14 -199,514,691 | 0.08 | -192,049,942 | 0.2 | -186,128,511 | 0.14 -12,984,802 0.42 -167,778,107 0.16
15 -199,130,706 | 0.08 | -191,324,126 | 0.12 | -185131,536 | 0.15 -12,663,557 0.44 -166,691,818 0.17
16 -198,767,599 | 0.09 | -190,637,775 | 0.13 | -184,188,771 | 0.15 -12,359,780 0.46 -165,664,595 0.18
17 -198,424,235 | 0.09 | -189,988,743 | 0.13 | -183,297,267 | 0.16 -12,072,520 0.47 -164,693,225 0.18
18 -198,099,542 | 0.09 | -189,375,002 | 0.13 | -182,454,238 | 0.17 -11,800,880 0.48 -163,774,673 0.19
19 -197,792503 | 0.10 | -188,794,631 | 0.14 | -181,657,046 | 0.17 -11,544,009 0.50 -162,906,065 0.19
20 -197,502,159 | 0.10 | -188,245,818 | 0.14 | -180,903,201 | 0.17 -11,301,106 0.51 -162,084,686 0.20
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Fig. 8. Variation of monthly runoff volume depending on
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