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Abstract — A lot of existing wastewater treatment plants (WWTPs) are rebuilt or retrofitted for advanced wastewater
treatment processes to cope with reinforced effluent criteria of nitrogen and phosphorous. Moreover, how to treat the
wasted sludge from WWTPs has been also issued since the discharge of the wasted sludge into ocean is impossible from
2011 due to the London Convention 97 protocol. These trend changes of WWTPs get a motivation to assess environ-
mental and economic impacts from the construction stage to the waste stage in WWTPs. Therefore, this study focuses
on evaluation of environmental and economic impacts of the advanced wastewater treatment processes and waste sludge
treatment process by using life cycle assessment. Four advanced wastewater treatment processes of Anaerobic/Anoxic/
Oxic (A,0), 5 stages-Bamard Denitrification Phosphate (Bardenpho), Virginia Initiative Plant (VIP) , and Modified Uni-
versity of Cape Town (MUCT) are chosen to compare the conventional activated sludge (CAS) and three waste sludge
treatment methods of land fill, incineration, and composting are used. To evaluate environmental and economic impacts
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of each advanced wastewater treatment processes, life cycle assessment (LCA) and life cycle cost (LCC) are conducted
based on International organization for standardization (ISO) guidelines. The results clearly represent that the A,O pro-
cess with composting shows 52% reduction in the environmental impact than the CAS process with landfill. On the
other hand, the MUCT process with composting is able to save 62% of the life cycle cost comparing with the CAS pro-
cess with landfill. This result suggested the qualitative and quantitative criteria for evaluating eco-environmental and
economic technologies of advanced treatment processes and also sludge treatment method, where their main influence
factors on environmental and economic impacts are analyzed, respectively. The proposed method could be useful for
selecting the most efficient and eco-friendly wastewater treatment process and sludge treatment method when retrofit-

ting the existing WWTPs to advanced treatments.
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1)  Anaerobic/Anoxic/Oxic (A20)
2)  Bardenpho
3)  Virginia Initiative Plant (VIP)

1) Landfill
2)  Incineration
3)  Compositing

I . Determination of Advanced Wastewater Treatment Plants and Waste Sludge
Treatment Process
I -1. Determination of Advanced Wastewater Treatment Plants

4)  Modified University of Cape Town (MUCT)

[ -2. Determination of Waste Sludge Treatment Process

[I-1. Definition of Goal and Scope

[I-2. Inventory Analysis

[1-3. Impact Assessment
1) Classification
2)  Characterization
3)  Normalization
4)  Weighting

IT. Evaluation of Environmental Effect Using Life Cycle Assessment (LCA)

1)  Construction stage of advanced wastewater treatment plants
2)  Operation stage of advanced wastewater treatment plants
3)  Operation stage of waste sludge methods

[MI-1. Making Inventory for each stage

[I-2. Calculation of cost

[I. Evaluation of Economics Using Life Cycle Cost (LCC)

1)  Construction stage of advanced wastewater treatment plants
2)  Operation stage of advanced wastewater treatment plants
3)  Operation stage of waste sludge methods

IV. Environmental and Economic Analysis for Advanced Wastewater Treatment

Plants and Waste Sludge Methods
(Interpretation of LCA and LCC)

Fig. 1. The framework for evaluation of environmental and economic impacts of WWTP.
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Table 1. Description of the four advanced wastewater treatment processes

o

Process Nitrogen removal mechanism Phosphorus removal mechanism Characteristics
- Nitrification in oxic reactor. - Release of phosphorus in anaerobic
Anoxic/Anaerobic/Oxic - Denitrification by internal recycling of  reactor. - Easy to convert from conventional
(A,0) wastewater from oxic reactor to anoxic -Hyperingestion of phosphorus in an oxic activated sludge (CAS).
reactor. reactor (Luxury uptake).
Bamard Denitrification - Same with A,O. - Has a lot of reactors comparing to the
Phosphate (Bardenpho) - Uses 2 anoxic & 2 oxic to increase the - Same with A,O. others.
(5-stages) efficiency. - Suitable for low BOD loading rate.
. - Same with A,0O. .
Modified University of - Same with A.QO' . - Avoid the bad effects of nitric nitrogen Same with A,0. .
- Uses 2 anoxic reactors to increase the . . - Increases the cost for operation due to the
Cape Town (MUCT) . by internal recycling of wastewater from . .
efficiency. 2 internal recycling.

settler to anoxic reactor.

Virginia Initiative Plant (VIP) -Same with A,O.

- Same with MUCT.

- Same with MUCT.

Table 2. Influent and effluent conditions of WWTP [1]

Influent Effluent
Flow[m*/day] 100,000
BOD;[mg/l] 220 10
COD[mg/1] 250 40
TSS[mg/l] 220 15
T-N[mg/I] 40 20
T-P[mg/1] 4 2
Alkalinity[mole/m?] 5

Table 3. Description of the three different sludge treatment processes [5]

Waste sludge Percentage of contribution to Distance
treatment method  total waste sludge treatment
Landfill 20% 82 km
Incineration 49% Incineration: 24 km

landfill: 17 km

Resource recovery

0,
(Composting) 28% 10km
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Influent Anaerobic Anoxic Oxic Settler Effluent
Wastage

(a) A0

Influent Anaerobic Anoxic1 Oxic1 Anoxic2 Oxic2 Settler Effluent

Wastage

(b) Bardenpho (5-stage) -

Influent Anaerobic Anoxic Oxic Settler Effluent

Wastage
(c) VIP
Influent Anaerobic Anoxic1 Anoxic2 Oxic Settler Effluent

Wastage

(d) MUCT -

Fig. 2. Layout of four different advanced wastewater treatment processes: (a) A,O, (b) Bardenpho (5-stage), (¢) VIP, and (d) MUCT.
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Fig. 2 GPS-XE &3l 187 vl 71 =429 dojob-&
LheRe, 2 ©k] el theh AV S A3 AT 1L1L131E &
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Table 5. Effluent results of five wastewater treatment processes

(mg/l) CAS A,0  Bardenpho VIP MUCT
BOD 11.30 5.46 4.59 8.08 438
COD 54.50 42.60 42.54 49.40 40.90
TSS 28.80 14.40 14.81 22.90 12.80
TN 26.14 11.90 6.73 11.50 14.20
T-P 0.871 0.48 0.66 0.76 0.44

A0 = Joked el visl 171E2(TSS, COD)e] AlA a8 &
o} COD & 78S W3] 33 7o & ke,

2-2-2-2. AEEA sl oJst 2AVEA HlE 55 4

B AT sAE] T sk 247 E s Sl
i) AAaksl 2 gk s} 7ge) gl oilkeld A (N,0) AT i) 7]
A3 HkS-Fo A Wgsl= WlE7 kA (CH,) S APt 12).

N,O02 Zits) gl ebalsl wprg o] SRR Sl e dAsh=
A7EY) AR PEY FEFERE DA g U
I ok gt sk ElEe] 9 N,02] 1HdulERe] 25
HiEHo Be 2107 dHA 9lom, Tl ulet HA4 vl )
158 B Aoz YJeh} B doi= f5 A8 T 2 &
e I HlEETRE APt 12,14]. N,O 71~8] 11 vl
(kg_N,0/d) A5 S13ll AR 212 ofeliel 2t [12].

—

NyOypzar(kg N,0/d) =Nz x EFg 2 x ‘2—‘%‘ (1)

2o Nozot= FEAOE WFHE F55 U A9 S
(kg N/d), EF ¢ 2= a2 5E olE8 N,0°] #l& A5 (kg_N,O-
N/kg NyE HERATE 3 A5x4 8] viEAlTE IPCC HalA oA
AAE 0.0057F o] 8= 3Lt

CH,= 3lA =] 9] 714 wke-g S8l A= 2717 vkg-2ell
== A2 TR kAl o] AE o] Fo =] #] o
< W =7 % gt} IPCC EaA7F AIXEE CH, wiE Al ARt
218 ofgfg} o 3714 WhExTF A4 2 HThE 7Pgste] &
717 REEZoll M 9] vilE e skt 12].

EF(kg CH,/kg BOD) = B, x MCF Q)

& 2elA EF= CH 2l vi%E A& (kg CHy/kg BOD), B+ CH,
F o) BAte(kg CHykg BODYPH MCF= Wgh B4 AlFS L)

Table 4. Operational conditions in five major wastewater treatment processes

CAS A0 Bardenpho VIP MUCT
Anaerobic - 5,500 4,170 4,170 4,170
Anoxic 1 - 3,000 8,330 4,170 8,330
Oxic 1 25,000 19,500 16,700 12,500 25,000
Volume (m®) Anoxic 2 - - 8,330 - 8,330
Oxic 2 - - 2,080 - -
Settler 6,000 15,000 13,500 14,700 15,000
Total 31,000 43,000 53,110 35,540 60,830
Waste sludge (m*/d) 3,000 1,550 2,000 1,775 2,000
Recycle (m’/d) 50,000 34,000 80,000 100,000 50,000
Internal 1 (m/d) - 230,000 400,000 200,000 100,000
Internal 2 (m’/d) - - - 200,000 100,000
Settler surface area (mz) 2,000 5,000 4,500 4,900 5,000

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014
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Wtk B AolA] 2+ AlE IPCC BaAiolx] AX g 7127k A}
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ARz 259} 298¢0t} whEbA] 10 keS| CH,2} 0.1 kgl] N,O7} 3154
229 715 (functional unit, fu)?! 1 m>e] = A& wo
kel sk o] wje]] A s} Rl o] S P (10kg/
1 m® of treated water) x (25 kg CO,-eqkg CH,) + (0.1 kg/ 1m® of treated
water) x (298 kg CO,-eq/kg N,O ) =279.8 kg CO,-eq/Im’ of treated
water® = AXFET) A3t dAlx = 5S4 Ak 38
S 5y Aol o 73 QA L) e, etk e
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Table 6. Units and weighting factors according to the impact categories
suggested by ministry of trade, industry & energy (MOTIE)

*P: potential
Impact category Unified unit ~ Weighting factor
Abiotic depletion (ADP") 1/yr 0.231
Acidification (AP) kg SO,-eq/kg 0.036
Eutrophication (EP) kg PO -eq/kg 0.038
Global warming (GWP) kg CO,-eq/kg 0.288
Human toxicity (HTP) kg 1,4 DCBeq/kg 0.105
Ozone depletion (ODP) kg CFCl1-eq/kg 0.292

Photochemical oxidant formation (POCP) kg ethylene eq/kg 0.065
Terrestrial Ecotoxicity (TETP) kg 1,4 DCBeq/kg 0.216
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A 273 B7Eel AT RISlE dAdshAl sh) flal Q1xdn|gl B
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skrAlE] 3 B sl SRl A el "44?5} BAVdE 7Y
v wskarzt skgict.

2-3-1. 744 ¥4

B AN REEYEEA] 3HE LRA e TR oR S5t
o gk x4 2 **01] 3t AA H7ME kit S
Al st 2AJ 2] oFe 7|E sl Elde] o] v HA &, 1
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Table 7. Price and distance for evaluating input materials of construction

stage
Material Price(won/ton) Distance (km)
Steel reinforcement 710,000 1.8
LDPE 1,700,000 49.9
EPDM - 37.6
HDPE - 264
Stainless steel - 28.7

Table 8. Inventory analysis in construction stage [10]
(Units: 1 m? concrete)

Material Units Constructi
on stage
Energy Electricity KWhim®  0.04
consumption
Reinforce steel kg/m’ 77.58
Water kg/m®  121.98
Aluminium kg/m? 0.87
Limestone kg/m? 21.45
Stainless steel kg/m? 6.23
Resourc.e Fiberglass kg/m® 1.96
consumption
Copper kg/m? 0.92
Synthetic rubber (EPDM) kg/m? 0.88
Low density polyethylene (LDPE)  kg/m’ 0.02
High density polyethylene (HDPE)  kg/m? 244
Polyethylene terephthalate (PET)  kg/m’ 2.46

A skEAl o] AERE 21 7Pdste] APgESI & A
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sslolE 50 7 s P IS Haskslr] Y8l a8l
Aol 7Hg 1ol Y118k s]AtellA] o] FfX|= Ao =2 7Hg st
Rom, PAC 7ML £ 23nk o 2 ARSI

skrAEldo mNE AR wiEE W] do] Table 29 7]
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A k. vilE e R U2l 57154 (BOD, CODy 715
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(@ T 2P < (178 AR < R1oTE Tl

x (5 FA7E 29 YAl

=(3=3 #iEH) x (250 /kg) x (5.6751) x (1.8) x (1.0) x (1.0)
®)

Aol 2} 7o) ghe AARo)] sk 71 8 ghel 27

sfo] A=Y,

2-3-3. 3 &eiA] A WAl

3l &R 2] w1 AA 7S S8, Ul 7] 589 B
a5 Avs B9l sk SR SRS T8k, el sl &
&gl ton 28-S F3ke, 7F 39 sl LA Hen] &
< ARGt slA el delA sl Ak sk SR 2
HF2 AT AR WERs o g FaEd] 8 53
Fromx AXke: 5= lei1,3].

SP(kg/d)=TSS, x Q,, (©6)

of7]el|A], SPi= BFFell AR sk SR AR kg/d)o) 2,
TSS, 2 ¥ 1% 1 m*3 F-H=22] (kg TSS/m?), Q= HF HA
AleA9] H] fregm?/dyS 2w st

sl SolA] A WS iy, A7) E)gkE AR e,
ZF ] el whE AEnlg-S wig o] A, FEAnHA A
ALellA] A8k Bk SElA] W s 569k /ton = A7 E it
270 79, A TR 27Vl 27 A AMEERE SEA] B
B8Rl siktong, St A2 W81 3 tons A A

717 APgE 918l AT 19].

2-3-4, % W%

skrAElgelr RS 18- 21 Al Fash AleE,
314 2l AAE A8l AR ShsteREe] %, ol EEAl &
SO v 7 9lom, BE 52 11.5ton Bl alM 5=
Aoz 7Pt & Al, m7HElolE o] o) A 1&E

= o]gate] 80kmhz Y4 T3 73-9-9F ANHER oA 60 km/hE
s e 7390w} ) Anlgo] ARG 2F 73Sl wh
S U SRRy A (D)~ 2

IELEFEFE 80 km/h AL F3 A

y=(xx0.217)+(xxzx0.00594) @)

ANEER R 60 km/h 5 3 A,

y=(xx0.161)+(xxzx0.00620) ®)

yi= 1 ), xi= 57l Gan) 1213 2= S A oS
ofulgic.



S SkEREge] ARl nhe 8 B Ak 9t i1

3.4 1

3-1. 15 SkexfE| ¥ S2IK| XM2lSHo et =8 Qo

3-1-1. 3 g3 el dist H7}

71 sk e 1A FHoRs] S Bl el digk
A B7HE S8l 2 dAE F]1E W AE =S Table 8, 99 &
| AEERsllttE-Reh). o1& olste] =AE] 3 T Y &
Q2] Apellx] WA= Ak 1, AMd ), Foks), A7),
AAEA, 055 17, F3HE A B SHYEAISA S & 87H
QAT st GRS APIIITHEA S, theeE atst
| 7153tE Seaste], T S Gl Qlo] 7 JFRFT) vRE
S vl gt

1EAE FHORS TS As) AR FIBE o> 14
AleA] oH FHo] B2 AAS HQZ sl=7te) tjgh f-88t A%
ot} Fig. 33 34 WAlelA 9] 7 3 W $dol| st 935
EPACE AR 12, A TR2uds), QIAIEA Y] 2 Al 71K JPHTE
Al o] gt A8, kst 52 ZIEPHToIA 2] B - wH] ekl
7] wiol] shpe] RIF== JHol Itk Fig. 30l SAEAIS] 7 34
H = 97498 MUCT (9.74x1077), Bardenpho (8.50x1077), A,O
(6.88x1077), VIP (5.69x1077), CAS (4.96x1077) =02 T A o= 1}
Epston], o]3= Table 4] 3l 2ld 84 2171 A9k A3t
W3 Fig, 3014 Ho] aeA]g] g o sl S dAolA 7h B
GEE W= SAHTE AT A (31%), AT-2HE8H28%), A =
3 (22%)31 ZoF YR A arzde] 7]ojshs Al dHEol| o]
sk Ao, A 12e] A sk S Al Wz
, BB 9 537] kel o] 85 A A T ol & 3
Ao VRt A e S8, |, T, o,
S ¥3eh MRS = deoF ARgSi) o] w Mgk
FEAA O ZH o] & AR ETE Apdo] AR 9
ARgo] Bl T4 Al A 1 el 7}
3 A0 AlgFL) Wak o} A Ak 3 F
9] ol akslek T} MAYS R 2 ALt dlol e 2 J IS
QItt. gk, A A2 ok ol flal AR

A el el & S Wi A o® e sl
o] o= T2 AEHRIEA S o] g3te] A|RE =,
oSSRk
Hydrocarbons, PAHs)’| 355 WA= o]
n|x)= Z 0w Azt

Fig. 42 7} T ¥ 29 5 3 1 m*E A u Qs 3

O

P

W2 o
N

0

o o [k
i
)

B A2 g
Dok rr
o o
=

= rlo o o% o

(<0
R
o

o M

14
u
of
O Ooh
E >
of

H 2 oX

FONT

g2
g s 7l

a?

I
5

[e

(Polynuclear Aromatic
A 57 Wl &=

2 b T

Table 9. Inventory analysis in operation stage

12

—
<

-

-
QL o~
£3

8
£ 8 19% ,
iw AEct
5 % HTP
EE 6 22% =
EE
23S EGWP
E”E
s = mADP
S
EgC

31%

MUCT

A20 Bardenpho VIP

Fig. 3. Impacts of five different wastewater treatment plants on the
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Fig. 4. Impacts of five different wastewater treatment plants on the
environmental during the operation stage.

39S YRt 3 874993k CAS (1351074, MUCT (1218107,
VIP (1.216x107%), Bardenpho (1.18x107%), A,0 (1.16x107%) =02
& ASE Yepgton, A g-2dsl, FoJoksh, A 1 £ow
o] L FAHFE YERGTE ok Xyt st g
Bardenpho (9.67x107%), MUCT (9.31x107), VIP (9.29x107%), A,0
(8.85%107), CAS (8.65x107°) 420 2 =7 Yo Table 92] A
=7 A& Q18 W¥sk= CH, iEZe] & w419 A8l
E543kE Bt Ag-2ds)l Wl digh o3k APy Al 2] ohE =

Material Units CAS A0 Bardenpho VIP MUCT
<Input>
Energy consumption Electricity kWh/d 2174 10693 19441 20199 10139
Resource consumption PAC ton/d 14.074 4.963 0 3.478 2.870
<Output>
. . CH, kg/d 6292 6805 7642 7103 7345
Emission to air
N,O kg/d 20.5 9.3 5.3 9.0 112
TSS keg/d 2880 1440 1481 2290 1280
Emission to water BOD4 kg/d 1130 546 459 808 438
(Effluent quality) TN kg/d 2614 1190 673 1150 1420
T-P kg/d 871 48 66 76 44
Waste product Sludge ton/d 11.8 11.5 11.3 10.9 11
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A7EE] ol COE 71508 A2 ydstel Atz o= J3kE v
A& A EE YERE= global warming potential (GWP) #t= w5t
kg CO,-eq/kg T2 7+ 24714 &S TLSISITE GWP 3>
10032 71502 g v, CH,2 7% 25011 N,02] 4%, CH,2]
oF 126l1Q1 29890 ST 11]. wEbA] 22 2] N,08} CH/F &
At 79, N,O7F A 72dstel] v & G5 vIAATL, & AellA
8% 24 7k RS CH= At 7037 kg/d, N,OE 11 kg/dO =
oF 6008l ©]d CH,7} Hol vlEE th(Table 9). wehr] AE3HA %
g2 Q18 A= CHYF A txdslell 718 & 93-S A= 3
O Uepth dutr o e8] kg0 ® I8 AeE= f7]
5l JUAFY o] BEE o) e FAHEE CHE WiES
o] T7FHl ®tH12]. CAS 3 <] 7-voll= = 5714 whe-=xt
& olgaP7] wiitell A7 o] A7 9 FAkA S elA
AF U]"g%(Phosphorus accumulating organism, PAO) 4! &35} »
AEE o]gslo] YUATE G4 0= AASk= ol vls| A&
£0] 2] BH20]. webA, CAS TRl e &S] g 28|
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Ao] WiEEE 2470 e 7P Al Ao R Al ¥ N,O
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F& FH] Al fFE Wl YT FEF SRS N,O
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T2 v 3ol Bl £ U] & TN 55 Hol7] wEe]
(Table 5), ©]= Q1%+ N,02] MiEZFE A HHebsit), 9 ohue} o}
B A=A FH vlal] 27 W 2 U T FEE I8 FY
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Al vebster, 5431 4 A sl e 9 A AREE A
7] 9l slelolE Abgo] Az sk ¢RIl Z1oR et
VIP, A,0, MUCT &7d2] 7% ?1 S-3AI71E 915t shetoks ARg-af
o] lszsle] M7| AR ko] TR ZH kel o FEko] A
A& A& ER13I3ItH(Table 9, Fig. 4). CAS 3742] 7390l T3
"S- 27 TAIE o] Qlo] Hasls o)at Hx Eelo] I QA o
o} theE Fel vlal] W2 W& AREIG o, sletolEo] Ahgo]
TRE 37l n]sto] @Wekr] whizell 2kl e ﬂ%ﬂ HAAQ G
7P & 210 % et Bardenpho 3782 ¢ v 35T

g selolis sk Ghots = R TS WIS
o, §} ToRE-g ARNESIA] Rt Bl e - Al A
SH= 7 e whe JIS FHEle] Bokg ul, CAST) 8ol 71
S 1 2= 207 UElgkon A0 3ol v =] &
HEol vlsiA 48] 42 2475 wijEste] 71 o] 2k
TS & F AT
IEHEFHo R A 9l o T e IS
s Az} 2 wHAlelA ] gE Tk F
O 7 T, o] shkrAe]> ehH gl 20 Bk X
thal 7Hgske] 203 V1o ekl
-9~ mu|Eky] Wit O 2 AFRRITE A 2 AFelX = 9 T
oA eF G o] T CAS FHE A 9 deAle] AA YT
01 7P & FRleR Aueiglon, 7 J3do] A9kd A0
S 387 AQ1 P o R AEsiitt. Btk of2} A,0, Bardenpho,
MUCT, VIPS] =X 252 45 2dAelA ] 49 eS
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CAS W] tiF] g 12% o 5 7 3l 2102 2430 )
2hA], st opel ARl gl thet eke Azt
A1717] $18t0] CAS a el a2l e o el Hgho] dad 7l
08 AlREY 352 Al Bk ﬂﬂ 7pE oUA| = o] 8et
o] Aetslel] vt F&FE =% E‘r A Y ofgell wh
sk v A 5 0= A W%TZ}.

3-1-2. 3k &2lA Aol disk 37t

sl &8 A) Aol dist #7344 F7HE Adl ZF Azl o)
&= 3 AREE-S Table 10-128} 72o] A#slela Seix] HE
A G274 9] A E SIS TH Table 3). ©1F F3lo] &7

A A 9 5 F BAshs TS Ao F g7 A S
ol gt ke skt

Table 10. Inventory analysis in case of landfill [8]
(Units: 1ton dry solids/day)

Material Units Landfill stage
<Input>
Energy consumption Electricity kWh/d 58.5
<Output>

Emission to air CH, kg/d 32
Cr kg/d 0.1

Emission to soil Cu ke/d 02
Pb g/d 330

Zn kg/d 1.5

Table 11. Inventory analysis in case of incineration [8]
(Units: 1ton dry solids/day)

Material Units Incineration stage
<Input>
Energy consumption Electricity kWh/d 304.8
<Output>
Energy generation Electricity kWh/d 928.5
N,O g/d 892
Cr g/d 237
Emission to air Pb gd 023
Hg g/d 0.08
Zn g/d 0.98
Dioxin and furan ~ g-TEQ/d 0.000008
Waste Ash ton/d 0.08
Table 12. Inventory analysis in case of composting [8]
Material Units  Composting stage
<Input>
Energy consumption Electricity kWh/d 304.8
<Output>
Energy generation Electricity kWh/d 928.5
N,O g/d -190
CH, kg/d -21.3
. . Co, kg/d 17.2
Emission to air
Hg g/d 0.08
Zn g/d 0.98
Dioxin and furan  g-TEQ/d 0.000008
Waste Ash ton/d 0.08
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Fig. 5. Impacts of three sludge treatment method on the environ-
mental during the sludge treatment stage.
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Transfortation

B Electricity

mOperation

of each process on GHG impact according to the

3-2. D=5eAE| Y E2K] MelSEe| cist ZHId "ot
3-2-1. ARl R ol oist Hoh
71&E skrAE] 3R] nEAE o] 4 B oo e

& F90E2] WK(Table 8, 9)°ll FAA ] £ 7H(Table 7), £
PAC 40418 2 A A7) 23S Haje] T4 9l 240l 4H]H
= A gL eu A 82 AESIgl o m, 5% W82 25712 (Table
7) B A oF= elgstel A (7)rh ®)elM Dojxl tAl nje]
163091/L8] WI-8R1AHE wajo] ik 7h Al d 1 54 gl
G Flske] shell Q5= WS- Table 139} 2T}

41,0008 2%, I m

A FHoRe] S 2R FA BV S8l 7 el

o A 9 &% w2 1] vhex 9 747} 55,0009,
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3 t\’l"@‘ie

ZAsl=t] & 96,0000 AQEE= A
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A0, VIP, CAS =07 H|-go] A AP ¥ S Th(Table 4, 13).
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CAS (13,639), VIP (11,440), Bardenpho (7,000), A,O (6,521), MUCT
(5,281) =02 =7 UERITE CAS 379 7-9oll= dduks-x=
T EHAEERE pipert SR B thE =] g vls)
Ay 9l Z7] FYe gk n)g-2 2glont
H|A] kot F71ARI Q1 AAF At sfelelE ARgo] thE FRel| B
slof G4t 80% = ol ANHAl 9 n]g-> 7P w2 Zlow

Table 13. Estimated cost in construction and operation stages of five treatment processes

AR A= A2

(Units: 1,000 won/day)

CAS A0 Bardenpho VIP MUCT

Material 190 211 299 157 346
Construction Transportation 140 158 223 118 258
Total 330 369 522 275 604

Electricity 1,898 3,223 4,600 4,670 3,072
. Chemical usage 3,237 1,141 0 800 660

Operation

Effluent fine 8,504 1,788 1,877 5,695 945

Total 13,639 6,152 6,477 11,165 4,677

Total 13,969 6,521 7,000 11,440 5,281

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014



iy
[
N
z

514

P

0
o
SN

LERTE, Besk Q1 AIAE 213 sfetekE ARl &kl
FAo] FAT|FE Z33810] olof thst HFe] HA vl
S 2RI MUCT 37519) 73-9-oll= 7 H 2
L e B R P R S
Bardenpho, VIP 3| 0]l 2o] 17] A8 2t H]
Hell A M= s vl Ysst How &
=z 1k gl 7HE v vE IR el vl A e
e ARslo] ulgo] 7P AL Z o % AbRETtH(Table 9, 13
™ Bardenpho &5 9] -F-olli= F 719] 37] ¥H-g-x2 F+ H2
B 7HA 9 Z7)E 913 e ARgu)Eo] F HAE A
vk F7HAQ1 oRE ARgo] EQakA] ¢k Wit opel el ol
SR S ESSte] 40l AnlEE Hlgo] Al AR v
2107 UERT. o AelskAd e FHS 71 CAS
of Hla) & MHAH] H|E, w2 gsleln AN E-S et 5
8] W 7 el wE He 7R oJ§ 298 §ist
93%21 Aoz Ueht, f&5 7ol &4 vl8ol a3 Y v
A= AR AlRH.

IEAEFHO R T4 Yl @Y F A£QF = 08-S vlwst A
374 Bl Akl =AM 2 B8] % %
o] & Y& v|R= A oE vtk ek, ZF 3R] S
20059t AT 5 ok 2 AT 7Pl SASSIES )
o] & 8407 Qlste] 7 ng-2 7P =4
A 7P S B8-S ARSI O EE TP HAIA
S

¢

Tr
T

® N
o m%

ol =
X o

oy

(<0
bt

-z
ik oo (I
o
1 Mo
El

o
h
()

[ “oH rr

o
®

4Tz 2

;dv

?;F’
il

3-2-2. 3k &ElA] Aol digt @7t

sk &) Aglel tigt BAd B7HE Sal 7F 3 A2 Y
2% 08-S ©]8319 Table 1400 U= & 18-S APFsolt). &8
A 153 A v]8-2 wig 2] Aol HEAePdaelr etk
o] WRISE, 271 9 Enigke] 494l &2 2e] A o]45
= 27] 2 gtk ule-S 715 0% 319lom viF(56,0009), 4
7}(50,0009), El¥]3}+(30,0009)) =02 =7 VERITH19]. 25 1
-2 Al HE SR AePda 7] Aol wet A=
©](Table 3), 27}, Wi, E0|3} =02 A VERT 2% 9 Ae
H8-5 B aH3els o, ek oA M2l 3 F vlige] 7
W HE-S Anehs ZoR vEith B8 7} skrAE] 3ol
e A83I0S B, 7 B2 3l SEAE wlEsSke CAS
o] 3 690,0009 2] 3l E17] A B8-S ARShE A&
oF 4= QUolek. 3 o] T FHE-> 31,0000 A2 v]ge|
Hsl 2012] 7FEFCR ok SuA A GAlelA 9] F ul8-2]
O A vlgo] xStk Zlo® velsith, weba, 71

AARN FHoZE A v)go] 7kt vk Eu|shrt AEES)
A AAANS B a3 A9 B3 37g0]
el nlste] B SHeA ] Aol Hold 2 gl

Table 14. Estimated cost for three sludge treatment methods
(Units: won/ton)

Landfill Incineration Compositing
Sludge treatment 56,000 50,000 30,000
Transportation 2,700 1,300 300
Total 58,700 51,300 30,300
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