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A Study on Life-Cycle Assessment for Sewage
Sludge Management

-Attaching importance to Pusan Metropolitan city-

Tae-Hoon, Kim

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University
Abstract

Sewage sludge treatment of Busan metropolitan city has been
depending that most of the sludge has been throwing away in the sea
while only the part of sludge produced in the Haeundae is incinerated.
But Forbidding ocean disposal of waste has been applied all over the
world since 1996 by London Dumping Convention in the 1993 and it is
also expected to be applied in the Korea.

This study intends to suggest the prospection we could treat that
situation and to compare the environmental impact by using LCA. As
the result of that, NOx and CO during collection and transportation of
sludge is produced a lot with 1.67E-4 kg/ton and 3.61E-5 kg/ton. So It
is needed to decide treatment place more carefully and to minimize the
carrying distance of traffic so that pollution would be decreased. It is
needed to construct facility to withdraw CHj since the CHj is produced

a lot during reclaiming disposal.



Finally It is concluded following. Even though each treatment has a
merit or demerit, it is needed to select incineration than reclamation

considering regional characteristic of Busan metropolitan city.
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%28 BAA AT L dsFuste Fol

ME ey | FEEAF |eHA 2AF
dAx AT F9l
B/ Y /9 /4

2001 3,796,800 0.27849 1,057,378 317.214
2002 3,780,600 0.29701 1,122,872 336.862
2003 3,764,400 0.31387 1,181,544 354.463
2004 3,748,200 0.32897 1,233,038 369.911
2005 3,732,000 0.34227 1,277,348 383.204
2006 3,715,800 0.35383 1,314,762 394.428
2007 3,699,600 0.36376 1,345,763 403.729
2008 3,683,400 0.37220 1,370,958 411.287
2009 3,667,200 0.37931 1,391,009 417.303
2010 3,651,000 0.38526 1,406,581 421.974
2011 3,634,300 0.39021 1418317 425.495
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7h 2z ‘
27N g, AYF7) 2L AEE 2o dPurt Bo] £85H3 vl

FU OJALLA(WZILE Bl dEFdoh. 2, Wy FEVF dLH

2 oge F 9 AAHEA MFE Astd #rIE<SA A dide
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& A ol AT FYwg 5 2FAA AL dopz GAHA

YA E WP A5 3 - A AA FHEAG 4TS FA @
I FAle] gutEgdy e 22 WdANZ 5 o 2y dFEEA
b B3 - A3 FAHo 2: Aol AYBE AR Z4F ABE
A7b g 27 ok

#7128y APFE A6z 2 HE 44t SFFEAE FEEFH
85%°lst2 #eld wPAlde] Hstes A Joy, 2001d o
3 19 H5uESF 2,000m® o4 wWEPAY HIAHEHAE v WY
st ollEm, &7} - Eul3 AF FAESH wfHstoF o 2005
QGol% 19 #HFulEF 700m® ol 2000m’ vkl wMiEdA e fr1HE
HAE v gt A e otyH, &7 - Hug AT F IAETE o
H,3t=E FAsn gloeumg iztel, Hus Fo uiy F #A i
ol g3l vlHslolAol ¥ Aoz AFETh

rL m{n

) AFF|

Aol EHAE HPsts AL ARFBA VET HAH FFEHE
AF Az A ALFAE AYelN HolTg W PultiziA 2
deN HEHEA B &AAE vFAH 2¥x LT S0km o4
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o] @ ciuitie] guk ¥7ldE Relth £ AVt FFd FrHE AAA
oz &7t A2A £ A% giF A5z = 4, FAHPA FA
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T gtk ol W& ol &sHE
4, A8 58 n9dol atn 21¥8A ¥oW 97 L
B1sn FAeiAl od HoegE S vAA H
o A7 X2 F¢ AR 2GEHe] FHHE T HAEAE
of7] Al # Ut
Ul M A ANFLGLAY Alexd KX A Mzt =&
T H7Z22A HYguEe] 7ted AVER BYHS THFE WHE &
Yo gty AlgE 3BF #H EF 14, 15 169 AUy 2 wE
AL Aty ok 2y FHLFLIHAE Astd FRANFTAM 7
29 fFFrIE A2 dod, fEvas THrE R 2 e 22
o] E7)o 93 st ddAdd A FeHHALTH ) (Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other
Matter(London Convention)); 5%  "sjde]l g IAAYE F&
(United Nations Convention on the Law of the Sea), 5 #| 43 #dd
Bl 7i]lEta g MBS SAEE Aoz <A I
FE71e 9 ol o AAHnZ old T AL AFT 2AH

gh) #u| 3}

strsd At 54 ¢ 5% PCB 59 €0 +HHEE F2E §
of 20]7] ojg]& ol A2y 4T F% HHY TF R VIS 3
of AL o9 FoAE Tt Ut YA E Hu] T 53l
W =27t dAHor HEH lon, & 293 2102 #4=9 HHTF
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o) o] Ae

st 27 He X FolA AAE F e ddez A E
Aol A2l HolZ FFH, A FHo| A Yzt ¢3¢ Huld
Aol RAEE Aietes ol

oM 2|PolE o83t ARl & EokRA THATIL ey dE
W xYolE o83t AF RK71EE Adhe 7I=(Vermitechnology), A% 1S
AVt ZFAE 2 HolE FHufst= AMI(Earthworm Selling), A& o]7}t

Boougste ¥UE R BHECA F4EE A& Bejsts APl

o
L 54

O
-

S

i

2 o2 of(Worm Casting, Worm Tea) ¥ A Ho|E o| &3l AR
FIHEAE A F e AHeo] HudErE Fus= AHY (Worm
bin, Worm Container), A #°]& 543 EZFd L339 AAAPE ¥l

T 1€ 5 BE B AFE Tt Vel AEY & k2 €Y o8 - A

=3}
2wy At g5AEF SAA S Yol wet AW 43

AE &8 A tFY CaO7l FHHEE AHNE YR, o} 2TBE 3
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Ao HARE 5 AT AP HFEVE Az
WYy % 2z SHYY AdE HET dF sUANE AHAAA
swrstE Age & 9524k, ¥ 45t E9 6807F Rostm 4 AR

B e R -‘34_‘34_ —_Sr‘i'l 1d d8 | 1€ A=A
AEZF| 35 | AEF | dBAEF
%9 | 26.03 6.0 0.8 9.1 22 76.35 0.80
¥ | 11.63 6.0 08 | 1387 31 48.07 0.35
@5 | 25.83 6.0 0.8 335 3 27.55 0.82
3= 31.75 6.0 0.8 29.3 7 29.63 1.01
Al 95.24 296.6 68 181.6 298

FE 32 B 10418 A di7leduiEEe] 2

Air emissions CO CxHy NOx SOx SPM | Aldehydes
Amount(mg/ £) 12.1 4.49 56.2 3.74 401 0.84
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E 33 #5241 29(LCD

Material Units Amounts
Input Energy
Light oil £ /ton 2.98
CO kg/ton 3.61E-5
CxHy kg/ton 1.34E-5
) NOx kg/ton 167E-4
Output Air
SOx kg/ton 1.11E-5
Particle kg/ton 1.19E-5
Aldehydes kg/ton 2.50E-6 .
H 33 BAA SR E AZA7A A B 10 Ao
& YIS RS WS AMEASTE ol 85td ARY B2EE
1 80E-04 1.67E-04
1.60E-04
1.40E-04
1.20E-04
1.00E-04
8.00E-05f
6.00E-05
JblE=U0
4.00E-05
pooeotk” | 1.34E-05 LUE0S LIS
0.00E+00 . . . '
Cco CxHy NOx SOx Particle Aldehydes

a9 31 F5A Hr1eg MEsts
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332 99
Sw gL

e

-

714 Al garA el Cell Type "HES 3tz ot 4

A egel fE A2AE7 982 FAYD YA @b, B ATAA
= oolzd zAuld A% AN g olgdtel stx TAFE FHse o
392, & 354 19T FE5 4 5= S

% 34 1A GrME Aa

CH4 CO, NH;3 H2S Remark
F&4E o) A0.181 m'/t-ref
5025 | 4537 2.7 1.68 &¥1240.181m'/t-refuse
(assumed)
E 35 g AEF 5% (Units:mg/ £ )
Material Results Material Results
BOD 26.2 Hg 0.0000
CODwmn 117.2 As 0.0000
SS 298 Pb 0.28
N-H 04 Cr’® 0.14
Phenol 5.421 Mn 3.78
CN 0.000 F 1.44
T-Cr 0.75 Organic Phosphorus 0.0000
Fe 26.01 T-N 26
Zn 1.484 T-P 1.9
Cu 0.218 TCE N.D
Cd 0.000 TeCE N.D
Sul @A o] AvjAlE d3e BEL 937 ZAVE ddlo F 4ui7h A}
£5o] X3 JtEAIZHE (A 7teZ F dE AMEHE 9520 /hrE YEN

o olRg olgste] Byl Agom A% AA A4

=2
€84 18& Agsted 2

SER EEC PRI R-ES

S L

A2 3414kwhZ A4HE

205407t AHEES U5 AUTH
AEe Ay £33z 1E HYA 285
o}.
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X 36 WEF FuAE(SHER)

A EAHE- (L /hr)

}u) o =) A | A & . 7HE Az
ERlk: = i H& == aa | =256 H& 2]
EXA | DBNE8F |39TS5F 2 238 476 3
=4t7] | MX0853% | 0.8, 0.6m’ 2 238 476 8

333 &7
B4A Hazbgod 928 aztsted 24sts o7 Wateas &

A WiEES E 377 380 Z+Z YEMHAGL

£ 37 €3A 274 wiEHE wWrI7ts FEHSAR)

SOx(ppm) NOx{(ppm) HCl(ppm) CO(ppm)

145 65.03 3.95 43.39

£ 38 28X 229 FANEE FE(H2ZR)
Material
(mg/ ¢)
Avg. conc. 798 |17.05|34.11 | 26.86 | 0.19 | 0.20 | 0.00 0.03

pH | BOD  COD | SS Cu Pb Cr™ | Phenol

SR HHEA 2HS A% FUA/Z DYoo 49 @
2

o

o) 83tel lkwh AHAHEOR AY WEE UAFS E 399 vt
7, BN g2A 18 2

’

At
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¥ 39 lkwh dEA&02 A3 WEE TAF

Emission Material Units Amounts
Aldehyde 1g 6.04
Benzene J77:s 0.287
Benzo(a)pyrene L8 0.00227
Cd 73 0.00644
CHs4 g 1.56
CO 18 17
CO2 g 564
Cu J77:4 0.0585
CxHy “g 20.8
CxHy aromatic 7 16.1
. Dust(SPM) ug 0.921
Air
HCI (g 779
Hg J724 0.035
N2O ug 0.143
NH3 ug 3.03
non methane VOC Lg 588
NO2 g 1.43
Pb J77:3 0.0322
SO2 g 3.48
Vv ug 8.23
Zn (g 0.0196
BOD 74 0.91
Cl g 3.48
CODna ug 2.73
Crude oil g 65.4
CxHy aromatic ug 7.23
Water Dissolved substance Lg 319
NH3 LE 9.06
SS J77: 0.91
Sulphates g 1.95
Zn 1g 6.36
Solid Final waste (inert) g 65.1
Waste Product waste (inert) g 451
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334 3%4 25X 24

7h =i 4

F 310 19N AFHEELHY

Material Units Amounts

Electricity kWh/ton 3414

Input | Energy Light oil I/ton 2.054
Aldehyde kg/ton 2.23E-5
Benzene kg/ton 9.79E-7
Benzo(a)pyrene kg/ton 7.24E-9
Cd kg/ton 2.18E-8
CHqy kg/ton 6.49E+1
CO kg/ton 8.29E-5
CO» kg/ton 1.63E+2
Cu kg/ton 1.99E-7
CxHy kg/ton 8.02E-5
CxHy aromatic kg/ton 5.49E-5
) Dust(SPM) kg/ton 1.14E-5

Output Air

HCI kg/ton 2.66E-4
Hg kg/ton 1.19E-7
Nz0 kg/ton 4.88E-7
NH;3 kg/ton 1.03E-5
non methane VOC kg/ton 2.01E-3
NO: kg/ton 4.99E-3
Pb kg/ton 1.08E-7
SOx kg/ton 7.68E-6
S0O: kg/ton 1.16E-2
v kg/ton 2.81E-5
Zn kg/ton 6.62E-8

_30_




E 310 WigA AAA BESE2H(AE)

(inert)

Material Units Amounts
BOD kg/ton 2.93E-5
Cl kg/ton 1.27E-3
CODwn kg/ton 1.27E-4
Crude oil kg/ton 2.23E-4
cr't kg/ton 1.48E-7
Cu kg/ton 2.18E-7
CxHy aromatic kg/ton 247E-5
Dissolved substance| kg/ton 1.07E-4
F kg/ton 1.44E-6
Fe kg/ton 2.60E-5
Water Mn kg/ton 3.78E-6
Output N-H kg/ton 4.83E-7
NH;3 kg/ton 3.08E-5
Pb kg/ton 2.81E-7
Phenol kg/ton 5.42E-6
SS kg/ton 3.29E-5
Sulphates kg/ton 6.66E-3
T-Cr kg/ton 758E-7
T-N kg/ton 2.63E-5
T-P kg/ton 1.94E-6
Zn kg/ton 2.32E-5
] Final waste (inert)
Solid kg/ton 2.22E-1
Waste Product waste kg/ton 1.54E-2
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) 22

E 311 274 AHYSEEHY

Material Units Amounts
Electricity kWh/ton 1.68
Input | Energy Light oil I/ton 0.0764

Aldehyde kg/ton 1.02E-5

Benzene kg/ton 4.82E-7
Benzo(a)pyrene kg/ton 3.00E-9

Cd kg/ton 1.02E-8

CHs kg/ton 2.62E-3

CO kg/ton 7.29E-5

CO2 kg/ton 9.48E-1

Cu kg/ton 2.88E-7

CxHy kg/ton 353E-5

CxHy aromatic kg/ton 2.70E-5

. Dust(SPM) kg/ton 1.55E-6

Output Air

HCI kg/ton 1.35E-4

Hg kg/ton 5.80E-8

N20 kg/ton 2.40E-7

NHs kg/ton 5.09E-6

non methane VOC kg/ton 9.89E-4

NO- kg/ton 247E-3

Pb kg/ton 254E-7

SOx kg/ton 1.47E-5

SO kg/ton 5.86E-3

A% kg/ton 1.38E-5

Zn kg/ton 3.20E-8
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E 311 274 AAA FSEHAS

Material Units Amounts
BOD kg/ton 1.86E-5
Cl kg/ton 423E-3
CODwmn kg/ton 4.5%E-6
Crude oil kg/ton 1.09E-4
Cr'® kg/ton -
Cu kg/ton 1.93E-7
CxHy aromatic kg/ton 1.21E-5
Dissolved substance kg/ton 5.36E-5
F kg/ton -
Fe kg/ton -
Water Mn kg/ton -
Output N-H kg/ton -
NH3 kg/ton 152E-5
Pb kg/ton 2.13E-7
Phenol kg/ton 3.81E-8
SS kg/ton 2.84E-5
Sulphates kg/ton 3.28E-3
T-Cr kg/ton -
T-N kg/ton -
T-P kg/ton -
Zn kg/ton 1.07E-5
) Final waste (inert)
Solid kg/ton 1.11E-1
Product waste
Waste ] kg/ton 758E-3
(inert)

335 5 A4

FABAA e st A 188 AYshr] A8 A dA ol &5t
A AFF7l ol WEFH 22zt PPS o] &St FFEHE HE 2
3 FEAdE ARAHELRE AT NOx9 HiEo] 7Hd gtod, njyA
A= @AM okF7A YrtAE EH A ¥ YR wEs7]
gl CO CHaT 9l HiEo] B3k, 2z A= CO; NO, SO2 F° 7t
AL & 7 AN
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1.806+02¢ 1.63E+02

1.60E+02

1.40E+02

1.20E+02

1.00E+02

8.00E+01 6.49E+01

6.00E+01

4.00e+01

2.00E+01

0.00E+00

9.486-01
1.00E+00y

9.00E-01

8.00e-01

7.00E-01

6.00E-01

5.00e-01

4.00E-01

3.00e-01

2.00e-01

AONANANNAN

2.626-08 2.47E-03 5.86E 08 4.23E-03
oo A  dE... & A

CH4 Co2 NO2 S02 Ci-

1.00E-01

29 33 274 292 e
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34 9% H7}

el E At B A7 B2 AAHD e
=o)7t EQHo) glA kol 2 HEo] folax Fe RO

Ak B AFAME FiA] e AN 8H2F wWE

A7 tiAs volzd Ayl =&o] Hux Foz2 o JFPrr
Z v &stvul ke 7hE Ao dE 2wt EAET A 7}'7‘0"_ =l
gl AH2 51 90¥ Eco-Indicator & o] &3t}

deEFol val 2 2B FAY BAAge) 278
AR 99 8741 WEEZ A7 b 9B FE FaW BAL )

23 12 23, 02 92359 Ady FxE A sy
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E 312 9ggs} ol &

T characterization 7| &3 valuation factor

A2 3} COq 25
L. EZF 1 CFC 100

A4 3t SOx 10

FF g3t phosphate
715 5% |polycyclical aromatic hydrocarbons

g s Pb 10
AgL2Ra SOz 5
qEART ethane 25

£ 3120149 Zo] eAmTe ALE CO, LEZHIE CFC, A3
= SOx, ¥9%3l+= phosphate, 1715 F 3% polycyclical aromatic
hydrocarbons, 244822 Pb, AZ2EI1E SO, 9FEEIE ethene

71Eo 2 A e o] L3¥ o0, valuation factorgtd AHA = ZHzho]

tjo

BAGEHT dis) Y & g ol &stAT
342 A3 A
E 313 FAHA] stEE A9 1€ sig A EA 7HxE 7
ap | AT STSagg) T3 W% ngga| N1E | AR
£ust| T 43 ([ FFE ol B Ea i}
=43
&7 169.490 0 1.716E-2 | 1.892E-4 | 1.019E-6 | 2.831E-7 | 7.684E-6 | 1.193E-2
7}A H 7} _ _ - _
7}.%_;.(] 25 100 10 5 3 10 5 2.5
7}237} 423.725 0 1.716E-1 | 9463E-4 | 5.095E-6 | 2.831E-6 | 3.842E-5 | 2.983E-2
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E 314 34 srEHAY 18

AZAEA 7HA B

AT+ |LEF S| 9 (g7F o £ =
TE RSE r:'j Bk :"o;;} FTEH CREL| suglrwa
=43 | 9532 0 8479 | 5159 | 5.147 | 2165 | 1472 | 5.871
A E-1 E-3| E5 | E-7| E-7 | E-5 | E-3
7215 7}

. 2.
Sms | 25 | 100 5 5 10 5 5
745 7} 8479 | 2579 | 2576 | 2.165 | 7.362 | 1.468

k 2383 | 0
23 E-2 | E-4 | E-6 | E-6 | E5 | E-2
450 423.725
i
350/

300/
250/
200/
o
o
5()/
| 0 1.72E-01 Q.46E-04 5.10F-06 2.88E-06 3.84E-05 2.98E-02
. A A S A e .
0 X F2cts ESEI falg~k 13 Bxckst hoiEE3S  CHEE HEAR2OD OoE2A2O
% 34 FARAEA s A 159 vlygA AdAGEH} A
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8.48E-02
0 250604 256E06 2.17E-06 7.36E05 1.47E-02
0 T - A A e, ey A
ATEus 2EsmN | Na%  wEes OJS835 weEd ARAed oBEAza

29 35 RAFAA A 189 27244 ARRIFHEs} 27

3543 4 @

el ZAL 24, FrlsiEgted A5 £3 A #d J]HEely JAH SolA
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4 48

B Ao A s A Wy &4 A 834 9%
S B, grldE 29 g 28 ZES 28+ A

AR, €8x HEFL 7 WA BF AHELER dF NOx, CO7t z
z} 167E-4kg/ton, 361E-Skg/tonT 3] &7 WA FFo] dLE3 =
o wEA, ARFa A Aol FoE 7]Eeiokstn A9E Hd &
A A AA FA HA5E FESA AFY o]FAYE Hadsd 2
d LAFE Fofof & Aot

Ex, ¥ CH:.e 24 Fo] 649E+1kg/ton2E B H|F& AA|stn
ol 7t2E HAE3 TP AUAZY Aol&e AY vidrt: I
Ao dX7F BaHoez aFdEn

AR, xzto] slgrch st HlFo] IA YevdE AL B F e
b, A #AAFE 2A WHPA] 1.72E-12 744 848

gt 9l AAelth RAAY AFEFIHEY FolEF EW 2011d U+
3,634,800, st @S Add AN s B9 StFS 1418317E/4
Z A RAEQ] A FL 1553068/ FAHHAIG. o]
2 HEAHQ FUg Y A ANYHL e WFFIY By AT 4
28914 4729 Ayl gol ddHT @A 3099, 2244 5799 ] o
AEE vk Ag8Y] A9 62U 4] Au oz B X WHRdg
5~108 A= v &HEARE 1A & F gemz AdY AEEE AT
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THAEH199%5) LCAY] Al A&S AT 7R dolgHlo] X
o] F3%, pp.183

2. 37351997 AAARB7Ee Z1EAEH SHALA Y HE dTRIA,
pp.54~111

3. =8 AAATHE3(1995) AMEFL] LCAZIH ML & AT

4. AAF, A= (199%) LCAZIEE 8T AFHA #7397} *}ﬁli}-é

—

5. 24 9(1994) A Azte] BE AT

6. 2H5(1993) 22X 27to] BE Wyl dRAY wEo] B A7

7. ARF198) FFeyel FFE L Aolg ¥, FVBAYIE plo-17

8 FHE(000) AT TAHER TAF A3 B AT

0. WEF1997) “WHFFIHLCA Hl & BF2uBR 2TaE =
2o BA4T ALY N12A W, FFHA7 &Y ESTEH Mg
N=E

13. AEH(1996) “SAASHARE Lol BE AT, AeUER ot
B2 G A =R
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16.
17.
18.
SR ARARI EALTE FRAdele HE

C#BH19%) “LCAS Ad 2 IS B, nAAFH /e 32

o]u] £(1997) LCI 7|¥& ol &3 HFo| i Ay H7t -AE &
27te BAoE- Nedsa SAYsSY FAAYGTY HAgdeg
At FAH B} A+A(1998) =8

2219 A A FAH1996) Eulstel w712 Ao vl
B7AF(1998) W72 2 AE s 98

A= =]
A Qe 2

% QEAY, AFYRE
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