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Abstract

Effect Analysis on Self—supporting Energy of Newtown Sewage Treatment
Facility for Low—carbon Green City
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Renewable and unutilized energy (biogas power generation, wind power, solar, small hydro—power, sewage heat source, etc.)

seems to be suitable to install for the sewage treatment facilities. There are 357 sewage treatment plants in 2007. 17 plants among

these have been operating for self—supporting energy by using solar power, small hydro—power and biogas in 2008.

Newly built sewage treatment plant of 96,000 m®/day for a newtown is expected to get up to energy consumption of 10 GWh/yr.

If solar energy, small hydro—power and biogas—equipments were applied to the new treatment plant, self—supporting energy of

the new sewage treatment plant will get up to 56.1%. As a results, about 2,379%ton COu/yr CO. emission reduction can be expected

by using renewable energy. These efforts for self—supporting energy will lead sewage treatment plant to new energy recycle center.

Key words : renewable energy, unutilized energy, CO2 emission, sewage heat source, small hydro—power
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I AN ARl HoR B IRl Al x-S
= et Jdvhar =8k Yo} (Griffiths—Sattenspiel
and Wilson, 2009). Hammarby Sjostads A2EE2 A7)
AR YA, & 9 H7]E 8 A|22¥9] Hammarby
models 7N, 483t slrE 5 TA| 7V S of
YA & Ak AR A3siglth &, B4 7R 2|
A& AE7VsslA Al2=dlslgt Aot} 53], sl Al
A AslzoA blo| Q. Tk FESte] AlUH 2, 2hE)7]
Eg gA] 9 7kagRe] AR R AMSIES skal 9lom,
23} 99 biosolidt ¥R 2 ARkl §loH, sk A2l
o] s AUA L ZEska vt (Franne, 2007).

olg] gt slrle A F SEEA A )7l A W
o] ARJat] B A, JAAA, F7)* 55 dA]eto
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7HA AL 9t} TRl e A E B
B4 ==tk oy d A o1
ojle 7k W, ¥, B, A B s T
9 W) &g oy gl FEdk o1& 2 qitk
T ATk (7 5, 2010b). ool o] g srA Al
S & E83H 7RIS olyA] ALt AR A3
o] 7190} gl EA], Aekh 54 B9 A&7
=olA d Aot

A AT oy A] than] Al e s oy A] 2}
Hsl daAo] A7|Ear vk sk Al o] 3
2L A Al A B AUAE AH]FE o] g oA
ThaH] A S 23]8 o] AAAAR Hlste] 7]9H
3} gefoll tilale 98-S Fr71At sk 2A9de]
ERbaL itk vt slEA Al oA AR = S
07A% 71Ee R A F AY AR 0.5%°04, TF
slrA Al AdlVIA] AFEE2 0.8% Folt) 97]|A] ol
YA Agolgt slpA Al e] Azt dEARgl o
Sk 2A Al R] AARS: Set W= A ol U] d7tEF
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FrA A S 1704 Z7H8lh o5 A7, Al

AL ek ARAUA] AL FUE sEAEAA SR
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FAH A A s F 7,389 ton/Q(FF B
A A Aol A HE| ¥ = sl oF 31%) 0™, M= i
Fe F 467.35 GWh/deolth (375, 2010).
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o2 At A AHE-L 3.93%0]t). AR Al
Eaf] gatE= oA oF 18.37 GWh/ S =) 2-3-8k+
AAA A A|E= F d= o] oF 199 dldE = dol

}, O

ol
1o
ol
ol
N
4
5%
rr
oX
ol
=2
irg
R
fr
re
Al
+r
opy
e
I
)

>

[e]
eyl A7) Ao}, e oA 2B Bkt A 2]
DA agla

r
o
2

gl o= TEET (4, 2007).
FrAE A1 d e 7, dele 5o Aeolu skAg A

>
G
ofo

T FFA, A 5 oldsto] BFd 2 =]
7Fsateh Blgd A AJES A el AAE A9



ASta 25t X|
247 6%, pp.683-690, 10, 2010

poc =
y T

Table 1. Self-supporting energy of domestic sewage treatment plants

Sewage Electricity Annual Energy Production(GWh/yr) .
Plant Capacity Consumption Small . Self-supporting

(10°iday) (GWhAD) Total Solar Hycro-power Biogas Rate(%)
encwati B | ioow | gsren | B | 1% | o8 | s | om0
Tancheon, Seoul 1,100 65.26 2.60 - - 2.60 3.98
Seonam, Seoul 2,000 131.31 4.40 - - 4.40 3.35
Naniji, Seoul 1,000 58.52 2.31 - - 2.31 3.95
Sooyoung, Busan 550 24.36 2.28 - - 2.28 9.36
Shincheon, Daegu 680 38.76 0.91 0.56 0.35 2.35
Daejeon, Daejeon 900 60 0.13 0.13 - 0.22
Bukok, Kyunggi 10 2.6 0.05 0.05 - 0.19
Byuckje, Kyunggi 30 22 0.006 0.006 - 0.27
Seocksoo, Kyunggi 300 19.93 0.18 - 0.18 0.90
Chooncheon, Kangwon 150 11.93 0.15 0.15 - 1.26
Sokcho, Kangwon 46 7 2.11 - - 2.11 30.14+
Jecheon, Choongbuk 70 4 0.93 0.14 - 0.79 23.25
Cheonan, Choongnam 150 17.15 0.22 - 0.22 0.29
Asan, Choongnam 63 7.48 0.93 - 0.05 0.88 12.43
Jinhae, Kyungnam 60 5.14 0.18 0.17 0.01 3.50
Onsan, Ulsan 150 9.25 0.29 0.29 - 3.14
Jeju, Jeju 130 2.46 0.69 - - 0.69 28.05
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Table 2. Substitution effect of small hydro—power
: Electricity Electricity Annual substitution | Annual CO» :
Capacity ; . ) . Self-supporting
Plant (1Grroay) consumption production effect of fossil fuel emission rate (%)
(GWhyr) (MWh/yr) (TOE/yr) reduction(ton/yr) °
Shincheon, 680 38.76 350 75.25 148.4 0.90
Daegu
Seocksao, 300 19.93 180 387 76.32 0.90
Kyunggi
Cheonan, 150 17.15 220 47.3 93.28 128
Choongnam
Asan, 63 7.48 50 10.75 21.2 0.67
Choongnam
Jinhae, 60 5.14 10 215 4.24 0.19
Kyungnam
Total 1,253 88.46 810 174.15 343.44 0.92

* 1 MWh =0215 TOE = 0424 CO; ton(oll A x| &t2|=Eh

A} A g Al o] 2 Al2RlolA o] Ths
sto] fR1EEn7T A4 == AR A (d, 2002).
Table 1, 204 Bo], =rlelli= AA] i A1, ofik,
Ak, 23 % A7) A5 5 5709 SR E el A a5
WS 3ke] 810 MWh/de] d=e Aakslar Q) o)
343.44 ton CO,/ A2 olxtabeta wjE A7 avr) 71

S qfreld.

=
L

24 A5} 7tA

et ATIES] AR o R AtE S o] &gk Wt
o] 75 o]Fo] gttt Hg7ke} o] ikl
wale] dlolu, #7|A Al Wlshs Wighkas) o
shebie Y-S AAE  lo] 2A7EAR BREA %71
AN AE wEEHA] Gan, H7)Ee] 8714 &8k
el A o= As7hs o835 o] H53] Skt
ZAlo|tk (3% 2008). w3k LNG 2HHAHZ sl
Al f7Id AspkaE ARE 0838
Ao} As A A 2 giAste] ek A AEE
SA7N wE T A Ao B, rlehe
AF7F D=7 = sl (Al 5, 2009). 3k A 24
ol A LA = A& TV 43 AHshd Wg s
T3 7k BAEHAl ) 48 7k ek 5
0~60% FHrstaL slol Aol =t vhat, Hiel e 7k
= AR oUAE A2 dollA Algh o= ARg-afaL Q)
= Ao R vlo] 9 Tk oA ARE-S] FstE 913 A
%, ols 7le] A ado] A7]Ear Ak (%, 2008).
SRR A A Q] 28} T AR MY AL 9 Askx

7Hed 5 A1 A2 BAlo] B8 Q= FHe] vk

SRy

o

%OHFN-LJ

B3k, A Aol EYEE ARUA] T A
el 7P m-87d0] =v (3 &, 2010b).
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Al @ k7] AR, A, A, A7 el o g EAsEs AASY BIPV(Building

0 25 4& 34 4= Ut} (U.S. Department of Integrated Photovoltaic System)& ©]&3 A2 A%
Energy, 2009). wjgha] ko2 AJgkmof A viz &85 ES E9ste Wete apHolt}, sEAE|A|Ad e R)e)s)
T AEF sto] FEH oyA] &8 a54S =o17] 9 & Z9A HE THA A AR Vs 3 AESH
A= TETFEEA|, TA| B el AlE ool A 3} £ g otk Table 1014 Bzo] 7| sleAg|Alde] Bl

o)

o olvA] ke HESH A7 dad Aow HAl. B AN AT AL T 22 SR Al o] Bjd o]
ofd ] 2ol 7]1efdhi= Bl&o] 3.14% = th7 4% v]Rte]

3. MM ZZ S4B O|UR| XIS A AVIUAE B W os Fsk gk 0|8 st
# JtsY 24 o A NEA SRR AA BjFFS ol AT 10

GWh/de] 4% el M AAshs Aoz 7Hsisit). o

ok 57k 33 AT, 137 ¥ A5 2 815 A28 96,000 AE)E A gfme} wHA#RS Table 37 2tk
m’?] F& PSS Ageka gl A AEAJIA 1
8 s g Ao Oigk ol EL 7he Al s o AR 32 a5
HhokS BAEl A} gk} 96,000 mY/Y TE] BE 8¢ AN 25y W] A9 WET S Hu YA
AN L] A, A EE 7 2HEE Y du9E Z& 310E 5 &= Aol a5y HH A|2ES 4574
0.285 kWh/m’Z 7}48t3le mf (1}, 2008), aFrE A2 0 913 4= 9lt}. Table 4= = s % 7H4
skt A7F oF 10 GWh/de] dgo] A Fo= oA Fradxt & A7 A5 seA e fradatl Fakd
2124 AEF A NEA] AAeEA g A A9 2y vk 244
AEAToIL), HEYA} 14.8mE 7)F02 252 v S
3.1 Efbat gbd B 48 & A 7S AR A3 Jdz ok 0.85
S| Al o) Bk ubd A ~Ele B AR AR GWhAde] AES A S 9S FloR o EL) o]E
2 8F Bxjo] 1918 5= glon] walEo] A} x| B FaEYA 3.5m, 9 3.7mY/sec 2719 ] A

Table 3. Application of solar power on new sewage treatment plant

. . 5 Power generation capacity | Annual expected power
Installation place Installation area(m?) (kW) generation (I\/IWh/yr)b
Settling reservoir 2,400 320 365

kW

9 2 j—
a) power generation capacity = 7 5,7 - 2 400m” =320k W

b) Annual expect power generation = 320k W< 1’,4:1;4[9_]";:,% < 1,%)%2%% =365 MWh/yr
Table 4. Application of small hydro-power on new sewage treatment plant
[tem Unit Value
Plant capacity m®/day 96,000
Flowrate (Q) m*/sec 1.1
Head (H) m 14.8
Composite efficiency (n) % 63
Output (P) kW 109.5
Facility utilization rate % 90
Monthly expected power generation MWh 71
Annual expected power generation MWh 852
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29 WG5S Ak Aol vlusle] W AL f<
TS rlsle] =2 Yajo 9Jd)] 71esh whd-gsle 1
52 ok (L], 2010).

33 &5 JtA

&2 mEm, &% s A4 (46,000mY/) S
2009 35K 2,106 Mwh/xd(3,250 07+ 2] AFAH],
wukelo] A7h) FRe] Aspks HHAE S AR, &35t

9tk A2IEA] 96,000 mY/Qe] A A o)<}
H523E FEe] Adbrhs wbd AS Ae3hdd, Azk
4,395 MWh/\d 9] &=k} o]of] up2 oF 7994/ d 9] ofy

A A3k 7IHE o ok

34 st
3H7 1t 96,000 m'] 35 Az F A4 FA
Ao of g Goll A B3 Table 59F 2] °F 20
Geal/ho|th. o] A7 B2 A olUAE 73 = 314
e 4oz gga}r] 913 weke @ slA A )
He)% = TR 5o ARk WuHkS 5]_/;@1_0. o]
sto] FHE 4= ek ARFEEte] Wk B8-S Table
67} 2t W Fahs A W Ao AN AlgE]A]
eFa1, 24417 LA R 710l Tha AA AEEATh W
S 918 SIEFTS] L Table 6014 BIto] W
aP7F Wi Fehe) At E=3h 53 S|ERER s
o] g3te] WS B 7hdsl Alojm g 242 RTE AL
A 898 oF 250 RT9] 3|EHZY} a14% 4~ %E}
olol| AA| shrEke] 4% oF 170 mj/h/] oA Lo
SHrdS 7HA AL B EH LY
T ARRERRY s S

r

op

AT SRR A el AR A 0 2HlEE AR Al
913 LA S5 9e SRR A A TR e
A58 Aol o R Fehs Weke HEsle]

T 96,000 ton/D9] sheE Aelsh=El Azt 10
(APl 3 AH AT 0.285 kWi’ 71%)
o] ~0E o= dltHch 4 HzlLek 96,000
ton®] FESFA LA B, aE B AsplaE
183 WA o) AAAAIA T1es 48T T,
ig. 191 v wpe} ko] sl Aejsh=t] £28.5)= 10
GWh/de] A= ameg 5 oF 5,61 GWh/dS ALAAeY
A 3 s deer 39 hed JloR welrh
=, 2 56%2] oA Aol 7FsE Ao o 5e 5 gl
o ol weskEEAEAld Al AEAgE
41~52% FE A aEA g AV AuA] Age 53
TRORE T 2 Adtelrt (A 5, 2010b).
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Table 7= 414 speAlgiAl ol 48 7Fs g Al A Aol
UAE S8 olaksteas wiE oAl adE vehla 3l
A AANAA A S Eal ARk ARE oF 5.61 GWh/Lﬂ
o ks A HlEel slgehz ARt of 8o 19 &
Ang draaks 71 5= ok flellA AR e,
HP°]¢7P“ % ﬂi"b* W 5o Al e d A A S

4288 Ao dgE

Table 5. Expected sewage heat resource of new sewage treatment plant

Sewage capacity 3 Expected heat resource
(m*/day) Sewage mean flow rate(m/h) (Gealh)
96,000 4,000 20.00
Table 6. Application of sewage heat resource on office building of new sewage treatment plant
Heating Cooling , 2 . ;
Installation area area Unit load (kcal/m® - h) Heating load Cooling load
place m? m? Heating | Hot water | Cooling | kealh | RT | kealh | RT
Office building 9,182 8,264 86 5 100 529,833 160 803,235 242
* ORMEFEX| T F ol X ARG AHIE A (CHEHRENS AL 2008)
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6,000 p 4 60
5,612 56.1%
g
5,000 F e 4 50
4,395 g
g
. 4,000 P [ 4 40 g
E: g %
s HE 2
S 3000 | Pl 130 %
g S g
3 2
3 S 3
2,000 Pt {120
g
g
1,000 F 852 s 4 10
365 g
| | g
_ ) ) ) ) 0
Solar Small hydro-power Biogas Total product Self-supporting
electricity rate
Fig. 1 Expected self-supporting energy rate of A sewage treatment plant
Table 7. Substitution effect of fossil fuel and CO2 reduction of new sewage treatment plant
Sewage Electricity Electricity  |Annual substitution Annual CO» CO, emission
Plant capacity | consumption | production |effect of fossil fuel| emission reduction e duciion rate (%)
(mday) | (GWh/yr) (GWh/yr) (TOE/yr) (ton/yr) °
Sewage | g6 g 10 561 1,206.58 2,379.49 56.1%
treatment plant
* 1 Mwh = 0215 TOE = 0.424 CO; ton(oll LA X| &2 S &
b ARAAES WS 9l Tl A g wek A 4, H B

S e
H7pE Q&Aoo 8 vrobd 8
3|71 gold 4 g Ao dekdc) T3k s A
F 95 1,206 TOE/ 2] tixlaxel & A7t <F 2,379
ton COx/: 9] o] ibsteta v A7avts 71ge & 3l

1o g

2= O
o IS P TR 5O ARE) by dgow
8L TSP T4l o st v

o s AoR ot

AR HAEA] 228 shte] tijtew Ealeale
AVdolM 9l ellux] A3t 7hs e @ AlRlelA =St
Wl 1 adt 58 gohasith. o) fjste] S TEEks
Al e] AL A ANAA] A EAE AL oF 57 3
A A, oF 1381 o] AT 5= 9l 17,6423 m’ TfELe
A AEA A4 E 96,000 mY/day &3] FEeFAT
Aldelle] A8 st oluA] Ay Weke BAsta,
I A adE el
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B, a7y 9 Asphs 5 A YA 9] A8 A
Az, 7¥z7F 365 MWh/d, ¢F 852 MWh/'d 2 4,395
MWh/d-& #7lske] 5 5. 61 GWh/d o] whAegko] o]
™, &3P7k29] oA Ahggol 9] 7]l go] 7Y w5 A

o= welth weba] o 56.1%2] YA A} 7hss
Ao wdr) = & AHoME 7|47, AAIH o oF
50% o)’de] oA Al el A8-2 A 7hset Ao
2 HRlrh Egt AARARAE F3l A= oF 1,206
TOE/JS] tiAl &z} oF 2,379 ton COy/ 9] o|atalela
AREIE 45 T s AoE JgHrt
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