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Abstract

To establish effective and prompt measures for energy conservation in public wastewater treatment
plants in Korea, energy consumption rates in 233 utilities in 9 provinces and 7 metropolitan cities are
investigated and compared to the rest of the world. Mean load factor for wastewater treatment utilities is
74.9% and those for influent pumps and aeration blowers are 56.2% and 61.0%, respectively. Mean
electrical energy usages as the key performance indicators are 0.243kWh/m? for overall sewage
treatments and 2.07 kWh per unit kg BOD removal. Digester gas as one of major byproducts in the process
amounts to 382,000m3/day nationwide. While major part of the digester gas is used for sludge heating,
only 7.3% of the gas is utilized for electricity generation. Both efficiencies for BOD removal and digestion
gas generation are considerably lower than those in USA and EU utilities due to low concentration of
organic material in influent wastewater. Such low energy regeneration, in turn, results in significantly higher
energy consumption in Korean plants, compared to that in USA and EU ones.
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Ao FAYEAe] Adstel v Eg - A AR (FFHH A 2, 2006) F 0.529%9] A
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A AREE A FAA, Vled dAe FEsted YR vjse] Ze ko] AAUA S AR
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371 slstel MEEUAE £FE F T4 FAA 2 BAR(62%) T AT (6.2%) F2, AFE A
9ol aAshE 233029 FFeEA el tat A0 HE/Y vwh) & 4810 (21.4%), BFTA
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Table 1. 223} S SA|MO|AMQ] HESX OfL{X] AH S4 X #E MH|
=2
HEE8H oLiXl AH| 209
1 2 3
OLX|E 20| AH|st= AH| \xE SE7| TelE= A3E, W7 S
LR oAEtofl 742 ALY, RILEM Al RYHZ= g7 3 EZIMA| &R FHY|, B&EE
=250 7|0lEt Ms Mot 2T HA BE S

Xl 2He E2 X £37 FYm= BtELX] HZ S
e 2H0| MEt E? 47| E7|ZE, AlAleI M| EEX &
B zo| 7|08 F8Mst eV E Fm= AR 7], BBENX S
Zrg 2ol 7|28 FEX Mt 2717 kS QOIHE, SMX| OYWE =
Table 2. XI2ZAF HElR £ X 2M £3 XH2|H & ¥ ST
Mel& x| SEXM|E + Helcia ol 4 e tha AIH|QIS CHH|

(Al &) (Oh) (@) Sotol7 4 () Sl i

PSS 1 6 740,604 412,556 0.56

H#= 85 9,767,125 8,726,233 0.89

el =t 29 2,499,988 1,050,998 0.42

PZL 1 30 1,757,054 1,221,847 0.70

BIES 2 1,401,745 1,063,802 0.76

LA 6 2,507,682 3,582,672 1.43

CHEA| 1 1,507,382 886,717 0.59

HARA| 7 4,154,910 2,499,805 0.60

MEA| 4 10,712,849 9,477,235 0.88

LA 4 209,656 158,316 0.76

OIXA| 6 804,360 454,548 0.57

Mz 18 226,020 119,388 0.53

NMNes 16 1,656,701 1,018,160 0.61

HFET 3 416,065 315,244 0.76

E i 8 71,771 596,966 0.68

zEc 25 1,113,721 813,999 0.73

A(HT) 230 40,347,633 32,398,484 0.80
ox 20z s Table 13} 2v} s4aaldn]  golx vk, a8y, Boh L oz Ao
o] BE BHo] o] AH9 Aol glo}, 1F 2 £ el e Table 14 AF "W E &
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e CHEAYAL NS0E 5o OF S 3, cw AT o 4000208 $euet AA9
WS oo o fAHLS FEak dom, olE  F o 470089 o] o 85 4%0lth et &4
TR0 EM duix] A 9stal e =¥ 7] BOD 71F F/RIFE AAAT o 80% F=Q
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PV E 61
AHZ/MAY 1K £X| LME 178.9
2%t S2X| wMg 105.6
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Table 5. =9 AS X|E (kp) Hjm
a2 chel hatel= 0|2 de wE

AR &gt ARHE [kwh/el/H] 363
At = o RelsteE [m¥/ol/d] 1510
Solgient ApXE [kWh/m®] 0.243 0.31 0.3°

(19954 0.35)° [RAFFIAL]
Seloteet & [kwh/m®] 0 0.08

(19954 0.09)°
FYUstEe & AH|HH [kwh/m?] 0.243 =& 0.23

A8 0.36

(19954 0.26)b
H7{ BOD & AEXE [kWh/kg BOD] MAMEZ: 207 1.5°[HH] 1.49°

2RIAME|: 188 2367 (AN F]
e 2.16
St olRE ATNY [kwWh/PE/LA] 453 51.9°[YAZAL F] 32,20
S0t oG Mo|UX) Hig [®/PE/A] 2879 1,793e[${ 2 A F] 1,999°
oAZtanHE /= T} ALt 5t 0.52° 3% 1.68%
ZEYrMgk (Ab11.8% + BE511.2%)° (A4:0.87% + B1410.81%)°

a. 2005U15 SRR IR O17F A3 AH|2K1,756 GWh)/2005 & SEF2H(338,900 GWh)(HE 424, 2006) = 0.52%
b. 0|2 5}4H2|2k 75.7 ME/U(20MGD)F XM2|&H 7|=(EPRI, 1996; Rogalla, 2006)
¢ YE5l4E35|(2003)
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Table 6. XLZ AL 6H= 2| &bQ| Bt4%2] MILte WD
Ssk22o0lat S22 % =13 Xed AY| 2k ShAx
AlA g a2 ans PIEIEaPS Oi‘:l_TT'l:to Of’_T SEIE: Mo 4H|2 GRSkl
(ME/Y) (ME/g) (kwh) MR (kwh/ton)
100HE/Y BFEN 34 12,718.1 12,450.0 1,031,099,708 0.227
O] Af 7= 7| 1 100.0 100.8 13,053,960 £.355
7|E} 6 1,332.4 1,310.2 74,151,550 0.155
AH 41 14,150.5 13,861.0 1,118,305,218 0.221
10 &E- EEHN 53 1,855.7 1,749.5 202,161,111 0.317
1008 E/d 3| Mo 3 29.1 29.1 3,149,579 0.297
SEN ] 1 26.8 26.7 8,374,758 0.859
7| =7 1 7.9 79 1,504,764 0.523
Absp 7 92.3 91.4 14,098,079 0.423
2|E} 2 586.5 574.1 96,779,319 0.462
A% 9l 2,598.2 2,478.7 326,067,609 0.360
10ME/Y EEEAM N 36.7 35.1 7,250,598 0.565
ojot S| M ATt 5 216 17.0 4,043,431 0.650
MEALS 6 32 32 1,679,098 1.443
A7 E7| 18 207 195 6,737,331 0.945
g 19 52.5 51.4 13,881,760 0.741
7|E} 42 97.1 93.2 26,021,806 0.765
2H) 101 231.7 219.4 59,614,024 0.744
=7 233 16,980.4 16,559 1,503,986,852 0.243
Aelaedy an AR unE A7 BODY Avjdy -
Y EEIE
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Table 7. 312 st42|RTbe| kPl Hlm(S7}IF 7|=: 1pe=60g BOD)

eSS EIp Sotel7 o7 Bof|RIAl2E o7t = MBA0|UAH|E gzt & dEHOURHIE
°F (pe) - ° e e = (13=950%)

27 R|RFH\ES 10008 Hkwh/yr kWh/pe/yr H$/yr $/pe/yr el /yr H/pelyr
CHBHEIZ  Zel(TT) 68.8 4267 62.1 306905 4463
A7N(HER) 1342 5793 432 375019 2793
AL(HT) 36.2 2604 71.9 182014 5022
HE(HTF) 0.7 2682 65.9 227340 5582
A=(HF) 531.9 18341 345 1297149 2439
CHT( BT 597.1 24946 418 1486167 2489
() 886.7 36358 41.0 2308683 2604
HA(LT) 357.1 13718 38.4 843740 2363
Me(m7) 2369.3 87119 3638 5023523 2120
ST 396 2929 74.0 270780 6841
OIX(H ) 75.8 4750 62.7 306722 4049
() 6.6 748 112.8 66535 10031
ME(H) 636 5867 92.2 283243 4451
() 105.1 2197 20.9 364232 3466
gu(m%) 74.6 4287 57.4 224926 3014
2(H7) 326 2101 64.5 144015 4423
27t WE 140.9 6375 453 405574 2879
o= Ashland 26.1 1911 73 82 3.14 77900 2983
Burlington 82 2654 32 118 1.44 112100 1368
Grassland 9.8 803 82 35 3.56 33250 3382
Green Bay 4211 35241 84 n7n 278 1112450 2641
La Crosse 138.5 5535 40 242 1.75 229900 1663
Papermiil A 506 17253 34 518 1.02 492100 969
Portrage 63.9 1223 33 61 1.66 57950 1577
Rhinelander 126 757 60 32 2.53 30400 2404
=K A 56 1613 29 81 1.45 76950 1378
B 77 3059 40 164 2.13 155800 2024
c 28 68 1 28 0.65 26600 618
D 61.6 1628 26 81 1.33 76950 1264
E 64.3 1306 20 77 1.19 73150 131
F 13.8 4 2.94 38950 2793
G 82 2067 25 103 1.26 97850 1197
H 733.3 22132 30 1096 1.5 1041200 1425
[ 17.3 189 10.9 179550 10355
J 406.4 15030 37 1024 2.52 972800 2394
K 61 2003 33 136 2.24 129200 2128
L 9 322 3% 22 2.43 20900 2309
M 33 633 19 59 1.78 56050 1691
N 68 2000 29 155 2.28 147250 2166
0 275 12000 44 743 27 705850 2565

a. Voigt(2003).

A £33 A2 2 gotalnt. A3tz X" A gud)), 50-100 Am3/Y T2 1670 A (5L 7}
P4 Helg FRER PR 10-50 Hmd/Y FE O F), 100250 Hm3/d FEIF W0AR(ET 7HE
b U7ARBNAE AE 2, 2704 97ks, 24 =R F), 250-500 Am3/¢ FR7F 9L B8HLE JHE
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Table 8. MEN AL S SlT-XMT|Ae] M 4|2t
X4 R|ody A7t M Hlg M2l d NESE=EY ElES IR SHEMEE MEARR
AH| 2K GWh)? 12 AH|2ZHGWh) Hl2(%)
ZH 12,379.0 3.72 6 387.3 25.6 0.21
7| 68,750.4 20.68 65 5,255.2 391.8 0.57
Ay 24,093.9 7.25 30 1,000.6 91.4 0.38
A= 33,161.1 9.98 33 1,820.3 83.2 0.25
=S 6,205.1 1.87 2 720.0 38.0 0.61
o+ 12,363.4 372 6 1,564.0 176.2 1.43
P 7,252.9 2.18 1 900.0 36.4 0.50
24 16,589.0 4.99 7 1,689.0 9.3 0.57
ME 40,523.7 1219 4 5,890.0 348.5 0.86
gt 20,851.7 6.27 4 231.6 16 0.06
kS 18,165.1 5.46 6 4220 28.2 0.16
Mt 18,803.2 5.66 19 190.4 20.9 0.11
e 13,592.7 4.09 16 907.9 66.3 0.49
HFE 2,768.1 0.83 3 165.0 7.9 0.29
Lt 22,449.5 6.75 8 363.0 34.0 0.15
z5 14,464.2 4.35 23 593.5 49.8 0.34
Hl 332,413.0 100.00 233 22099.7 1504.0 0.45
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