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Study on Utilizing Resources in Environment-friendly City
- Operation method of rain storage tank for using
rainwater as multipurpose -
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Dept of Environmental Engineering, Pukyong Naitonal University, Busan 608-739, Korea
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Ecological society and energy conservative systems has become a subject of world wide attention. To examine
the technologies of such systems as resource recycling society, this study is proposed for using rainwater as
energy source and water resources in urban area. Useful informations for planning of utilizing rainfall as energy
source, water resources, emergency water and controlling flood are discussed with model systems in urban area.
It is calculated that the rate of utilizing rainwater, amounts of utilizing rainwater, substitution rate of supply
water, amounts of overflow rainwater according to rain storage tank volume. By applying the past weather data,
The optimum volume of rain water storage was calculated as 200m’ which mean no benefits according to the
increase of storage tank volumes. For optimum planing and control method at the model system, several running
method of rainwater storage tank was calculated. The optimum operating method was the using weather data as

3hours weather forecast.
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Fig. 1. Purposing of Rain storage tank.

+3H HE & 2 3o HEol &AL
*éilf‘f}‘ A2 vd 5 gl ox d3to FHg
& AU7te 9E ARZRE dAsun e 2F
o H}E} OEATH A olgHe HEZEANML
F2 olFY X5 gd BHoz whEolxn g’
HEY thE3 o] 4& st HEFNE 587F
o2 o888 "oAol tgIFH Utk o]= Fig. 1
9} Ze dog Az4Ho A £ otk dE =
9, H3Ee g (o9 1]'?*‘?‘% e A
102 grhE Yol 433, I 2
8A BEF2 S 5 71 Qlen, £33 y)
48 94952 848 £ 71 e adga, B
T HEE o] &3dA HUEL AYss 7“
of dYIFE AT F UL Rez 7]&151@ =
g 713de dB 5& olgdd AW B &
Ase BAE 24 £ UL Aoz wadd

23 AALAEL 93 v 1%}7-_,] ‘5’:%“&

231 Be+E 9492

r“%

n>_,n‘.3‘.‘.

o e OL ¥ ol 2

Fig. 2929} o] ‘ie.rg H]"‘%—ri o] g3t
761Toﬂt, 1R %ioﬂ 25 A E}-y_aﬂ Fojo gk
t} B =23 olgog ALf U A2 o)lg

got. o] Bl YERoR FUS AT
=0 7]% =9 olstz Westd FEr2e o4

l“ﬂ Fere YEARE

g 37

o

5
232 BHFTE Yoz ol g
HETE 4928 ojgslr g
FRF)E AY FEFE ALEE7) o
9 N4E &85 EK}XIU} Flg 34 £e°
4oz o] &3t Afole x

°§' oX
“o

o o
SRS
¥ e

!

;‘;‘
W2
Jo 2 x4

o e

A A48 2 29 dote Em
harE Esde AB 24 Gor o

oy, o

-t

City water
supply
Miscellaneous
uses

Fig. 2. Control method of supply water as not energy
source at the rainwater storage tank.



NB7 SAlclAe Adggo] 88 A7 ¢

o] €XHdo] ol §Hrt. A7iME HF F

535}04 2712 Aol By UReR 74]’&'}9\1‘4.

2321 71 a9l @ A$d9 Bnas I3

HE4E 49202 #4357 8o ] Az
o F7 v EF 71 7Y olFE HAS B,
BTz 7leTdE £8 24& gdr

2322, oF &R Mol AA2E H1 Y=

ORZH22A-07AD N WHEHE HAlEe AE 7
Fo2 3o, ‘@BJ%%_ de] dxoa fes 2y
TE A F& Ffolth

233 718AEE ol g3t NEAGRY FH2Y

V3R Btz F52475S eyl
skl BlE MAzdM Fa¥ FES ﬂk'_fs}‘-:‘
TP, A7l E B¢ ARrE o] 83td, 3A T
-9 70%%2§ HEAZze] SHFE g Fof
= UHeE ANE dAsdt
3. Ak

2 APlNE @ 98 UBAY A2dY B 4
o x3eh Ux HobaTHE Foto] WEARZe
2ol we Hag Yastac

31 & doF A

=]

=
UE Q4 N29e FEA5, AETS 4R
WY ANS 7R Ao ARE 17 3
o2 |y AWE ANHAT 27 4RA Y9
A Uoi7l st 8 Ager FAHE
Aok UE ol4F, 45T $& THL A5 A&
& Astsl. @9, FRANNE BRSFR
AN Fel 9% E4& FARNL, AEFE
A
M~ N N
] [
Em‘;rutoncy ‘—1- mzj::'::r :
r

Miscellaneous
uses

Fig. 3. Control method of supply water as energy
source at the rainwater storage tank.

361

2o 0EH 882 A% NEAYE

o 4

L
OF

=2}
H

-
.

2 5o oot WEAY P20 Tole
A5,
sEA gl td 4L e 7)H
o] AHEE F4L e 2o LA,
MeAdze] £4 4%, Ug 088, 45
L 4% 5 TeT 2ol Asan:.

-

oAl

O

HEol 8 HES 8T T °f‘£ g &
“ﬂ% o4& : HE 01%% / %l
® 4% As5F - *?—-’FOI%%“
*‘*E%a P RAEFE - FFoER
HE A% JAedd x §E2AF x 35T
Fa iAE  MECRF / BAEF (BFRF

S Fo§)

32. ZEFRAN FLWE

321 ¢ W34

P40l 2o} £EYPolSY eEvRE
At EE3wEe] BAx BAlsd

e waEe o4 o

C.p.d.(@&+u.aewj=QS+Qb
ox

ot

2 A) 8

6. A1)

1)

322 9%ste] dug

FHAMY @ £AZFL b5 2.

0, =(1-a)-I+e-R,-€-5-(273+6,)

—h,-(6,-9,)-15-%, (e, ~¢,)

=0(273+6,)'(05140076e,) (B (3)
2, 229 9 A5Y AF 159 YL [(W/m'

“hPalolth. R, & #3} Sapgeln, 45439 3

Aole 2FXE o83k 714 ARE ol &@

Algd ol ol e 2438 AT

323 AusEuigaAe] dug
BETE g d5AF0, L g 2o

2
RZ

Qb = h(eex —ew) (4)
B, _, 0%
a oz (5)
Z=0 (B#5Euid)

%8,
_ke.a‘ZT—h.(ew ee:) (6)
Z=D (%3 #d& A%F)
®, _,
oz (N
33. AR F2Ws
Hg3 Bad dRAME 2RIV} 9oy, 1



LA GHEGEY Aoz AR &2
ALt ak ok
O _0. . _ H,
v @, e)+C-p-H (8)
H1=Q5+Qb (9)
34. g MR A =2W3)

NEAY Bas dgde dEgz 2V
ojgstlor, BEd #9 R FTFEAHY AR
Zhzel #53A wEstsTh 210, 119 X2
M B FaAT Vo 28 U 5283
ot FeAlY LEE &7 RER ARsATY

Cp¥iy0,u=CpV-6+CpQ,H, A
+C, .Q’ e At -C- o Q el+Al
Qu:e
~-C- P r+ar” (10)

_ Q,__Quse .
Vo _(V,+ i ) At (11)
35. A$5 AN Feus

0, By .s.lo -

ApC= G Cx=hy S (6, -0.) (12)
AF R dd 4454
aee [6zee 1 aef

-a - +—-
I Lo s (13)
%, [aze,, 1 69,,]
a o Tr e (14)
HAZA
r=r, (BuE e WA A
_ p,a_rp=hp.(ew—9p,) (15)
r=r, (BolEe) W)l A

®, , o,
ky ==k, 16
r= Dol A
%E_
220 (17
36. AR AFF Axt
HE2azo oyx Hekeke AEZ AASIGU)

=1

49 COPE COPa ¥
oz Z-H|

m o]

Azte] 37] 49 % 49
COPp= 531t} 3718 deog s

Fol Yatel 2
o Hepeo

Ygog olgste Ffol of
18)l mhekA Alxtat .

Zo o
== 7T
Z 4

1
Q"’””(COP COP, )

o}

Qe WTEY o] & Folnt
4, REA 2B A55E71 9
41. B84
BlEg8 A 2e-8 Fig. 49 L}E}‘ii
$HFE drAldE A8 7)
HE g5 &8 AlAgo] $£H1 gl
A 2412000 o] W HES HE A% g A
3 HES 2 F4380 FA WEE
"ng‘r, BETRY £85E AMET e Al
ojlty, A Al W2 ALRE o ug

A A2EE At gon, A Alzd Aode

=zA

=
RPN

WA Ae], 150m, & 2m, Zo] 0.1lm), & (£

500m’, 44 06m)eli, HE

400m’e]™ &38 L 105m° ojt}. A A 2H

«1 F2ANE At FHAIZES 099, YAb
& 006, 27|25 15T 34

42. EFA AzA

B Aadel 2A Ade AZoln], W3
AAEFE 15452m° 02 HES AFRA BAlg
e} vuEtE J8d & AMEFo] g2 ole =
o digt BEF7|7F 9o s 231 gl
& WE ALEde 500m’ez Ao,
E FEAFE 022 AAsAY. QEAYR
Om’ez 1/2& vjadg oz
£ A2 AZetel ANg

0

e 4
18}

o] 234 tH?. 1961 A 90
71&02 39

D77 9

Ppapad

_9_
=
=

l

Water tank for
miscellaneous uses miscellaneous uses

1 ] Filter
{ Rain Wateq,

storage tank

Rair%

Pond

LN
Heat exchanger

Streamlet

Fig. 4. Rainwater using system.

362

Az gHL

SRR ES T EY
AN He
HE AR A5 AT 7 2Ey

Bl7h Btd 93dE] 7

s

(18)

=
b

9l
€l
=)
2
/él
A
[e]

A
A

7+
A
=4
T

[

H)
&

=

=
7}
3

[e]



187 BAGNS A gl BF AT B JEH BES AP WTALR LAY
AR AN, 8 24 S8l U oluix dekg 2 W4
g Aerc

43. Az AdzA

AU Aok Brtg HsM AL FYLEd
W@ COPa B COPw9 g& Figsel Uetylict of
T A AHEHE JEYEZY PFHY e ¥§
srRon, JIAXND A Adel wa} e Wit
sttt W Ze olgdPe 2dxE ¥
e WAAaRle FFAz 6kWe 9A %
71 dstAnt Bd, QYA A o
el @AY A AEFRY g% A
ol g% AAAsE %287 Yt WES
He 1A g%
g e WES
Aol A FAlsH A,

o L Fy it (oo

FE 8% old W FHE Yojry
= Ao Ag vdEE 2 dYgos o)
€ Wz Stk £, Holo ofjuix
e Fds NEAZRY &4 Wye
o, HEAZzxs +&34YH od wa

vOO0

\

Heat source(Water)

——

Heat source(Air}

1 1 1 ]

20 25 30

Temperature of heat
source

35 40

Fig. 5. COP according to Temperature of heat source.

Rate of utiizing

100 r ranwater 12000
%0 4
>< 10000~
80 Q@
— Amounts of g.
§70 supply water 7 e E
ém Amounts of utiizing %
e /—-———m‘r—’———’— wm §
H k)
]
30 Substitution rate 4000 3
L of supply water E
20 <
Amounts of 2000
0 | Overiow riater
L L 1 O —
0 0
100 200 500 600
Volume rairwater storage

Fig. 6. The rate of utilizing percent of rainwater
according to rain storage tank volume.

363

=

51. E4 % G oA

Fig6oll BlgAFxe z7)d @2 Zzto] oj& &
R dDrFo] tistd yehith HNEA Gz 43
200m’ A 7+ 849 7]e7] WEE FAY £ 9
on, 1 o4eR HE AFze AVE ZFr}siy
g Az Fub wlsl A4 dAg&e atiA
F7H8HA] hEg o £ Uk wEA, qAdR o)A
o HE AFzE 200m’ AEZ AASE Ao A
Aoz dardA)

52. 7t &89 Wa oy dIy 2 M
Fo o &

23449 HE Az 7t g gz
A dekk 2 dfekol & ANRE Tableldl
HEtRlth A 2Ho8 Aase] wd QA Ad
o 7, BEF % 16T, 278CE HAAstd A
A 717He AMSEEa B)gl 2 A)7)2) 8492 @)
Ak 714 AEE QA NAREE o fsde
o, g9 2xe &7 252 Astd) Fig.7
Me 38 2 & 2 A5 FL NEAYR] &4
el uhel AP ARS Mg AL Az
TE 7|Eo 2 3o A AFAES ug
FEAEAY 9714 B R34 2F9EY o)z
2.1), 22)9 vmoAe Ay defsk @ H4ako]
trade-off AA} ASE & F ATk 7122 9
& 2EHHQ 3)0] B 22)9 L BFSE T
sHEon AN FH 29E d&3id
TE£OZ I FRE Yo w4 EL 60m’o)
Aom, HA oM B HEAGRY 4y
210 R AR HYeo, ols BFFd 9%

[o) =)
B

Table 1. Amounts of energy saving and water saving
according to control method of rainwater
storage tank

Water Energy Saving(kWh)
Saving Without Recycli
. ycling
(m3) |Recycling System System
Supply | Supply | Supply | Supply
1(\:/[01;;20(; Water | Water | Water | Water
€ 16C | 278C |16C | 278C
1 670 3704 93
2.1 670 4211 3795 1175 14
2.2) 280 4893 3792 1456 470
3) 280 4900 3800 1479 482
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