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A study on determination of the capacity of rainwater harvesting

unit using an optimization method and cost—-benefit analysis

Hyowon Seo

Department of Civil Engineering, The Graduate School,

Pukyong National University

Abstract

In Korea, the impervious area has increased due to urban
development since the 1960s. As the impervious area Iincreases,
flooding and water circulation distortion are occurring. To solve
these water problems, rainwater harvesting unit is needed.
However, it is difficult to find a program to determine the capacity
of rainwater harvesting unit used by designers. In addition, a
simple method is used to design the storage capacity, but it is not
clear whether economic analysis is included, so the present study
was conducted. one of the metaheuristic methods, Particle Swarm
Optimization (PSO), was used to determine the optimal capacity of
the rainwater harvesting unit, and the economic feasibility was
analyzed using the benefit cost ratio (BCR) method, which is one
of the cost—benefit analysis methods. In addition, the program was
produced by linking the two method. For the verification of the

program, the target area was selected as the rainwater storage
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tank 5 of the Gwanggyo new city water circulation system
construction report, and the economic feasibility was analyzed by
comparing the BCR values by capacity when the analysis period
was 30 vyears. All storage capacities were above BCR 1, and
among them, the BCR of the storage capacity (341 m?®)
corresponding to a 60% reliability is 7.278, which is considered to
be the most economical. Additionally, the cost—benefit relationship
was confirmed by analyzing the payback period for each optimal
storage capacity. Through these results, the accuracy of the
program was verified. Furthermore, the developed computer
program - helps wusers quickly determine the capacity of the
rainwater harvesting unit using an optimization method and

benefit—cost ratio.
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ugtoA = EY Aold FX FH Ade #3k HE A8x Al
g3 B Aolg FH E Ao #e HE AFF A10x ¥
CEY Aol FA 9 Ao #E HE ABFERT A4z ot
SAE R ol A BlEol A S AAStES st At
(Kang et al., 2015). oJ°l wh A&, AH, +4d, AF

ARG AR A A = Bl Eo] g e tfst A3 AL ARl A&k
A28 90% (Ao 1wk ) 7hA] Abetar 1o (Suwon City,
2016), AAAE A o] Alggel] wep HlEo] A4 x| AbE7F
S7FstaL lvh. sHAIRE Ao of o whe} HlEol Al d e R 2
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HEo] Aol R A7 ZAAY A6 #ek A= ofe] Al
7h vk WA, R Ao #3 A5 AV EW, Lim et al.(2021)
= EAo)EE AvEl s A48k, MODSIME &3l #H4 < A
v e gt BEAT &%S A4, Lee and Jung(2017)
A= FETE BlEol A Fed tr AAe S8 g @A

ANe B3l &9 REE Frleta, FRE APEskE e
AAleEA T 1813, Kang et al.(2010) A= 492
Z5E ol gste] AF o WE BHES EE5e
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A27 B0 32 HE & BAE A T

2.1 9= +H 3

® AT A" 4R A HA Sk (particle  swarm
optimization; PSO) ¢irg]&S A&t =a17] Felo A3 Al %
FAel dist RS Tty flall MEEded, zk AA] Abol g
AAe HAsRel did ARE FastHA A HA 5 (global
optimum) & Fol7k= wE FHA28 7Y 5 stuolth(Kennedy
and Eberhart, 1995).

AA 3 HAg dudFd 4 LagF(genetic algorithm;
GA)2 A= 7Ivte® HAsE FAdtE 54 7H
stARE 42 A HA st G ol AAE F
g A 9 ARE JHEe R §le 7]E oA th
WA AYsE gAste wbd, §d dagEe wak 52
AAALE o] gsto] ZF AR f1A] RS westHA AAsE =AY
$th(Han, 2016). =398 +4 daels3 Hlwsto] g4 73, =
Aot W] F7F A7) wiEel 2 Mg gkoll FA 9 dE e T
Att= Aol vk (Kang et al., 2008).

AxF ] HA S dugES vsd 2ol 4AdAE T 2 A
el A= Ak S S5 AAs 3 wA, 24 3 el
AR HAo A E A= UAE pBest® ARt o] YA 9} H
watel ¥ FoW X7F oW A, 29A oW fAHES
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A gBests B7FRIth. Ml WA, pBesteh gBests ©l&3to &g 7

AE HEe w3 AL Eq. (2.D 3 2t

=, +a61(pBesti7t—$i7t)+ﬂ62(gBestt—%t) (2.1)

Vit+1 = Vi

o17|A, it A& WME, t= AL BFolth ast g Ao,

€% €= 07 1 Aol W= (random variable) o]t} ] WA, =}
o] A= AT, AAA L Eq. (2.2) 9} ).
zt+1 $zt+vzt+1 (22)
5= w7kA] Jsd 49AE v



Initialize group of particles

!

False

Evaluate pBest for
each particle

Current position
is better than
pBest?

Update pBest

Assign pBest to gBest

!

Compute velocity

!

Update particle position

Target reached?

a4 2.1 94A 3 JAH3 ¢

Le et al. (2019)
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HEo| A HAY &5 A4S 8 51 o593y 23E g
< =]Jetdlth. a8a BAES RO 9l os Aty 2= HlEo]
A fist ol &9 RIS FASAY. B &9 Ry A
S 9)ste] A4A] A BEA (reservoir mass balance equation) ©]

AHEE T, R URES AR &%, VM8 %, 53 Iu T
HEol&Ad 5o &4 Bl o

3l Aelst Zolth, ¥ 2,104 £ sEAR ALeH
i

oy

MRS, Y, v 717 ¢
o] S9l=(inflow), Wi+ (release), A+ (storage), &% F o
(target draft), g% (vield) o], C= A7F £ (capacity) = YE+
Htk(Jin et al., 2020).



¥ 2.1 HEO]EAA Ro] £ B9 4

29 9 23
T8
=3 4
A BHE2 - S =8 1+tL-Y,— R,
S, — iy L= T Y, =",
S, +L < T,
IuE 4% Y, Sl
and S,_; #0
Self +L-< T,
Y, =0
and S, ;=0
S+, -Y, =C R =5_,+L-Y—-C
R 44
S, 1+ —-Y, <C R, =0

Jin et al. (2020)
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2.3 A3 duzg&

U THSHE ool 79 Aol F o

A4% 1e@ = 9o] t AN B

dA =F HAS &
SAR AlTET, Ak

N R

of A& F 9t FHdS 7 Python9 pyswarm= ©]&3F3ith.
HAE o8 HA AR &3S s s 74 F 3

Nz Ha AF £9S A5 54885 Eq. (2.3), AF S5 o
gt molEl RAES HX HAE oAl AEx Eq. (2.4), AF &
Foll w2t RoH RAES AFSH] 9% Eq. 252 FAAECH

i}

(Korea Institute of Construction Technology, 2004).

Minimize C (2.3)

—Rp, =0 (2.4)

v, 8 4 =k (2.5)

# BAECIY, N&

I

A7, Ry, @ Ry, 77 BOlE BAE
T B VIR L 71k td W), Aol 09 B 1, 0°] ofd

A9 0 9 ghe ZE g wolt
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Start

|
Input data
(Inflow, target draft, reliability)
l Simulation
results
Simulation model ‘|  Optimization algorithm
(Reservoir mass balance equation) (Particle swarm optimization)
Optimal
1 capacity
Output data

(Capacity, yield, water supply deficit, etc.)

Is there another
reliability?

End

a9 2.2 NEo|EAHY &% AA A
Jin et al. (2020)
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A3F NEol S 29 FAE E4& A% T

3.1 BAA #71

AAY F7be AF e AdE fE FAEE Bl & (cost) B AP S
= W ¢ (benefit) o] vl E F3ll A4 SHY A9 EHG
F71 18l AAlskar, 4 Ay 524 d]8Ho 7)g Heo]

=
AW BAA Aol e AR Hrlsth. FAE HrtE Ag v

y

H A Rels dAZEAN, BlgE e HEY, Yo ER o]
glom B ATME o 7FA At A#RA vlmrt FFss v)g
< ©]8-33lth(Shim, 2000).
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3.2 H|§H9 H&H

gl HlEHe] #A2 #Holo dAl 7Hx|7F PV, (present
value of benefit)o]il, PV, (present value of cost)d ™, Eq.

(3.1) ¥ &t

P
PV — t—1

Ber = L _ =1 () (3.1)
Tl q X”] G
t:1(1+r)t71

GI71A, e B4 /7 pe BQlgolrh B4 Ytk U EdSsE 1
3

23t Aste 2ol gEFelgty & 4 k.

(Ministry of Environment, 2011).
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¥ 3.1 A&

AL ALEZIAYER, ALFEAYER, Mx, A9z,
AZzo BE AEFEanE xgsith 3 55 40d

EEAE 9 R A 30d (FAIY, EAIA, A,

- 71 8Fe] AN (FY, VRY, PCH, PEY 5): 209

FA A

A, 14 FAA, 23 B, RUBIY, BEVIE, 15

gl WA, A Aol 30d

A A A

Ministry of Environment. (2011)
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g r& A 7S FHstE Fo®E, B0 555 1
ol BAst= Welo] AAZAE Yrobxth(Lee and Kim, 2015).
gl g3 st fElygtel s R ElgAA AN 8 FF A
A A52zxel uhel AFE A SAES 4.5%% HEeta Ut

g HEHE o] &d AAN A4S fsiAE v g Hs
Aoz AR £ Qlojof T} B ES HIEO| ALY &Y F

dHem WA H=dl, ol= BlEolgAde] dAnel A9

T'C_)__
G B FAEE el et xdn] Bl Agu], Hx A o] Gl mE A

7] a7 Bol dgdth Ea Fo Fo APANRANNE 2
o Aold HA W Ade] wak xal F& ol wHegAMY A
An) Aok £E 27 AEe AFFHL YOUE ok WOE I
g % 9k olsh BRIste] MEOIGAMY A W Lo wE

g3} folo] oj# FB & HelaUrhE 3.2).
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¥ 3.2 AAA BAL 93 v 2 9o =
= o H] 3L
4 2] 1) BE . AZZAW], £xujeln),
wj @ n] 5
] &
(cost)
A 2] n] Agn], olAn], B =
A zn] XY=+ R AAE Alo)
i (-] AN = oR,
A G A AAAE Aol
(QUHA: HlZo] gk2] 10%)
—:‘ngjl A& fq W Alo
(benefit) s eg P ; J<p o]
(LA B8] 10%)

A2} Afo]

[e]
(A Blzol-&32 10%)
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3.3 v|g3} #H AH

HA, BlEol@Ald e A 9 e 2% = B2 Eq. (3.2)
o} o] AxAu|e} FAEen o] gow A

cit)y=Cc+cC,, () (3.2)

A71A, Ct)= 71zF te  FHl&(total cost), Ci& AXH
(construction cost), C,,(t)x= 713t t& &A#&1] (operation and
maintenance cost) ©|th. BlEo|&AH e HA el EXR - AHFA}
v, X wjdn], vl AdujE) o) xshd S gla, fA AR A
€], Qlzxiu], R4n] Fo| EFET ojzfst BlEo|EAIHY AHXA]y]
2 FAFYH = AR A9 3F, 9 W ohyz A4

ol wet A GHAER HlEo| A HA W fAHE v
dats A AT mekA, & dTlAE (Lee et al, 2012)¢
A A A A u|eh {2 Feu]e] #ek % 3.3~3.55 Faskith
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¥ 3.3 HEo| &A1 Edd 27| AAH]

7 Z34 AL PCAIZE
SAF713E 202/1,000 m? 90%/1,000 m? 409/1,000 m*®
A A PP(ZgZ23d) I E I E

kivds 450,0009/m? 350,0009/m? 450,0009/m?

£ 3.4 Y YEo| SN diF 7] A9 FAHS

A H] (A€ /m?)

AR (A E/m?)

Al
(HY/m?®)
=z % %a— =571 = 37 )\]E :TL—IZ_%
2A | FH4 g dx | 2 | BEY | 7EE e 45
450 379 84 212 83 71 16 7 30 18
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£ 3.5 HEo|SAAH BdE FA&#EH|

73 ESR dgea PCAE
A A9l 20000 | A1) 200/ | BA012) 2,093
A71eF | AAE) 0.3%a | BAMS] 03%/d | Al 0.3%/d
_ﬁ_
A
2
T saa
ey | AL 0T/ | AR 075 | AR 079/
/1 71m]
/7)€ ARl 1.0%/d | AA8]e] 1.0%/'3 | AR89 1.0%/d
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T3k Daejeon Metropolitan City (2010) oA+ tf A3 Ao A]
HEo] §Ald e AAE Ade ARE EdE HEo] A4 1R
wE A BEe] WAE I 3.13% 2ol AAE L, FARHA BlE
o gAIA el Rl wE FA T O] AAE T¥ 3.2¢9 o] A Gt
aut. webA, A g BlEo] A A Y] qrEel wE AAH g 7] e
H S AfAow d4st7] old® A-fels 19 3.13% 19 3.2004
AR BA whet HlEo] S e Al Rl wE JHEA] BE-

= d34g 5 3tk
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¥ 3.6 AFE AFRE 1,000 m*Y W 2 8F A EHo|A A

AAE U
T34 JAQF 180,000
e 300 m* x 870¢)/m* = 261,000¢
ST -
700 m® x 1,1209/m® = 784,0009
50 m® x 4909/m® = 24,5009
50 m* x 5109/m® = 255009
[ 200 m® x 1,0109/m® = 202,0009
200 m® X 1,1009/m® = 220,0009
500 m* x 1,1309/m® = 565,000¢
BolgngF 1,000 m® x 1709/m® = 170,000¢

FTE + s + Eol8tHE = 2,432,000€

¥ 3.7 773 7% VIE%

T4 75 | 100 | 150 | 200 | 250 | 300 | 350 400 500 600
(mm)
=

92 | 245 | 780 | 1,664 | 3096 | 5008 | 7,563 | 10830 | 19517 | 31,017
(m*/9)
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¥ 3.8 AHAY AFE 2 &R

(o 29 9)

5 AFE Al F
Aed | ez PR,
T3 L AF 5 e Zpeh
(m*/8) | m*D
15 mm 990
ZMHE | 1 m*3 470 - -
20 mm 2,400
25 mm 3,900 1~300 870 . é}ﬂ: mg%"
830¢ A&
s2mm | 6,900 o1y T, A
2 QT
40 mm | 12,000 L
301 ©]2d 1,120 | 75,000 mTF 9409 e
50 mm | 18,000
80 mm | 35,000
100 mm | 59,000 et ooy 7
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