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A Study on the Improvement of Sludge Treatment Process by
Cost-Benefit Analysis
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Cost-Benefit analysis was performed for optimization of sewage sludge treatment process in Public Owned
Treatment Works (POTWs). The sludge treatment efficiencies were evaluated by thickening type(gravity and
centrifugal), dewatering procedure (after thickening and after digestion) and dewatering type(belt press and
screw decanter). Economical efficiency was evaluated by B/C ratio based on Cost-Benefit Analysis(CBA) for
four types of sludge treatment processes. Regarding thickening type, the centrifugal thickening was more
beneficial than gravity thickening in terms of solid recovery and sludge thickening rate. Results showed
that after digestion type consumed 1.8 times as small as after thickening type. The digestion rate and the
sludge reduction rate were 42.4% and 39.7%, respectively. Results showed that the screw decanter type
was more effective as dewatering type because the moisture content of dewatering cake was 79.1%. How-
ever, the amount of dewatering chemicals was 1.3 times for large scale POTWs and 2.8 times for small
scale POTWs. The result of CBA showed that the B/C ratios of centrifugal thickening and centrifugal
thickening after digestion were 3.0 and 2.45, respectively. Therefore, these types were applicable to the

sludge treatment in the aspect of cost benefit.

Key words: sludge treatment process, Cost-Benefit Analysis(CBA), thickening, dewatering, digestion
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Table 1. Comparison of sewage treatment capacity and treatment processes (4EA)
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- A7 ER S E%) o
A 25,000 18,600 74.4 DNR
B 130,000 118,825 914 Activated Sludge Process
C 170,000 133,845 78.7 A%0
D 982,500 854,749 87.0 Activated Sludge Process
bzl 326,875 281,504 86.1 -
Table 2. Comparison of sludge treatment processes (4EA)
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Table 3. The variation of TS, VS and moisture content according to the sludge type and POTWs
(@9 %, mYY)
22X
&R JoizelA e
T =4 4A
TS VS TS VS TS VS TS VS
A 1.7 70.0 0.8089 74.3 2.0 69.4
B 2.7 69.7 0.7484 71.9 2.3 64.4 - -
C 1.9 69.1 0.5226 74.6 2.0 68.8 4.1 75.8
D 2.5 61.3 0.6950 68.3 2.2 60.5 3.3 72.5
<2 A Cak
she A L 17 Cake
T3 el A9a57]
TS VS TS VS s & g s
A - - 2.0 68.2 - - 9.3 81.0
B 2.7 58.3 2.7 58.3 27.6 83.1 - -
C - - 2.7 68.9 45.0 82.7 - -
D 2.9 57.1 2.9 57.1 90.0 81.7 230 79.1
a5 TS(%)
4.0
35
3.0 2.7 2.7
25 23
20 20
2.0 1.7
1.5
1.0 -8 -7
0.5
0.0
AX 2| & Bx{zl CH 2| &t Dx{z| &t
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BssssX(Hd)
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Fig. 1. Variation of total solid according to the sludge type and POTWs.
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Table 4. Solid recovery rate by thickening type

Table 5. Sludge thickening rate by thickening type
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PRS- SENTre
gk Ao},

2slgS Azl = grgk DA oFEARHIE
0.607(kg-Polymer/kg-DSECake) 2.2 % & ZAH
=3t CH] o] oREAREH] 1.091(kg-Polymer/kg-DS

el sk kg ) & kg ) =3 PE(%)
A& R Y55 A== Y55 AsF
A 2,503 946 1,804 - 5.3 -
B 15,223 15,986 9,908 . 317 -
C 10,927 5,221 9,360 3,813 85.7 73.0
D 98,725 66,803 62,722 64,086 63.5 95.9
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Table 6. The cost of chemicals between direct type and digestion type

(9] - m¥e, %)

FEALET ALl
/\_é_a =z < 0 = ) [<)
WA A2 TR e Cake() (ke/2)a) (ke-°} % /keDS-Cake)
ke TS VAT () (o) W E A4 a(b(100-c)/100)x1,000
=z A 902 20 682 93 81.0 ; 298 1.686
g4 C 297 27 689 450 82.7 85 ; 1.091
~3 B 198 27 583 276 83.1 38 - 0.814
g4 D 700 28 S0 900 81.7 100 0.607
B<rCake) ) 12 Ao, 55 & e I|2 € 3.13. HEEF 9 A4S b2
8 A2 Re] 2REALEH](1.686 kg-Polymer/kg-DSE Table 7& BE8A S YES QA 5
Ek A

FCake)BTE 1/3 AA AM&&Rt).

olgigt olfr= AslHHS AXl DA &¥A
VSHIE©] 57.1%0% 539wt 35k CHald VSH
& 68.9%HT} 11.8%9= R2HA 7]Usks FoZE 9]
wjo] g0k AMH]= DAEde] 0.607(kg-Polymer/
kg-DSE<=Cake), CHz]#4°] 1.091(kg-Polymer/kg-DS
2Cake) 02 A8l & G42lo] VSHISS WA &
Ao =M SRS A ARSI

7] 74 Alelle skl Al ARl =
TSE=7}F =obA] VSehgo] iy os 7hastar, 54
7lls f71E FUH VIR VSEHke] EoRlE AE
A E4S 7klelA, AdAom VST sl we
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= A¥4E 48 F UrhFig. 2).
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A, AT 2508 E AAET1I7E 2.89)
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257171 051, Y2717 063 A8=SoH, ¢
£ IEg FEFUY| (kg2 /A= DS-Cake)llM= &
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FH7F 1300 o AH|E AT
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Fig. 2. Relationship between VS ratio and moisture content
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Table 7. Comparisons of belt press and screw decanter (POTW D) and Dewatering performance comparison by POTW

scalePOTW D and A)

T 1 E g4=7](D) LA EF71(D) LALF71(A)
o)z 700 2,200 90.2
Ol (TS/VS)(%) 2.8/57.1 2.8/57.1 2.0/68.2
28 % (kg) 19,600 61,600 1,804
g Cake H(E) 90 250 9.3
=8 (%) 81.7 79.1 81.0
Ok 2 9] F(kg) 100.0 420.0 29.8
OFEALRH|(kg-FE/kg-FY LY E 0.51 0.68 1.65
FFE AL Y] (kg-2FE/E DS-Cake) 0.607 0.804 1.686
F718} 3.28) o AM|EQleH, Segs aEe o olggt olff= GG TR EE g
FFUM (kg-2FE/= DS-CakeM= WEZL 0607, €1 EeXe] &5 B $40] dagh ubg3lo] Fe F
AEF717F 168602 AilEs719] oFETYdulzE 28 PAZAARE o] FoR| AL Glo] g ot FEFSIo]
v o &g AT Ha Q7] witolw, B FYE oFRo] gElo ool
dub o 2 HEGF7|E G v A XY A el viREoEN fYdd o
2 FUEHRATS,VS) 5, HEAY 9 =93} EOﬂ FIFE FI U= Ae=E A
2} @Cake TE°] 80~85%U = 2=, ¥ olfgt A= AvtEIFAMEE d4E v 93}
A E FUEHA(TS, VY, dild, 215, 91% == Table 614 Be ble} o] VSEHFo] A4
FUF Sl wjg} 75~82%7HA A=t o2 2 SHAE IAFESE SIS AT, Free
2 AFodel dEEST| 9 d4dgrle] E4dy "WEYer|el A AR v, Sk o) (ke-2F
HSEAS H2 gejelidlo] HEEY]OM A4 F/AE DS-Cake) © HA25717F WEES7|HTE 2.8
G712 WA e FAO dojA Ao gt w4 AmlEE IS BoFaL gtk

E’—D]’—T’— ?ﬂl’ T ME]’.

Table 79] Ao B nle} o] ©<rCake &

£ QY77 EEST R AUFoz Yol 1
FE o] =2 CakeS 4L F ANoY, s
T3 oFEFUN] (kg-2FE /= DS-Cake)old & WET}
0.607, AAEF7]7) 0.80402 94 ET7H FEY

HI7F 139 e s ke das o

T At

e, HBle) BerE B Aslow W
Y7o AAE KRS e YrokETe] &
A 9 70 Bed R AR@H)TL Fust B

a3k Aol

3.2 NN B0 o8t Zt
SelA) AFHE AAY BHoIA Hl TR

g5 2.5
81.7 o n

82 2 .
=
. 1.686 o
3¢ 1 1.5 ¢
& w
Bl 76 1 HIO
0.804 ar
3 0.607 052
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Fig. 3. Comparison with moisture content and chemical injection rate of belt press and screw decanter(by (by POTW D

and POTW scale).
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ez AXEE M & (B/C Ratio)e] 2Hg
ol LooVdold, 7BA1/d SHollX erdA gurls).
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321 94EE 2 39
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Table 8. Evaluation of economical efficiency between gravity thickening and centrifuge (base on treatment capacity of 10° ton)

® 23] &(Cost)

T 2 LA 557 =34 TS5
ez Am)| - AlE ST EA - FHA BEX EA
°oTe 17m3/hrxzska3(1)vH (1Y 2447 £A)  ol5SmxH3.5mx 1L.5kWx28] (1€ 24A]2F £4)
SFEEEA L=
el selx] T3HE max 0.5m*/minx 10mH x 3.7kW = 2(1<H)
¥ ZA] ) 17 3/hrx2k x3.7kW x 3(1¢} -abedn sl )
max 1/m glem?x3. (=) 200A % 0.75kW x 2}
uj A H] 200A-STS x 14]
B AR
e E%] Cover W F %] v F(FRP)
SESPEIt) - 2F 5 3R] (T2 A < 63]/hr)
53m>/minx 1 ¢}
53m>/minx 250Aqx 5.5kW x 2(1)Hll
630,000
5% £8A 4% 7](Stainless Steel ]2
100,000 4 <22 = 200,000% 4
819,00031 ¢ SFEEEA =
-AA g5 15,0003 € x2) = 30,0004
250,000 4 x 39 = 750,000%1 BRI RZR
7] A Al B] & > o= e -
] };j) 1% Sezex zays 10,0008 €1 x 27 = 20,0008 ¢
18,000 x3vH = 54,0003 Y -olk gl o] Ful 2 Adw]
A 8] 30,0004 4 x 12} = 30,0004
15,0003 4 x 14 = 15,0003 ¥ B A
200,000 x 14 = 200,000%
- E A Cover ¥ EXwjTH
150,000 4 x 14 = 150,000% 4
A= u) 4 1 AA vl 23] (1 AA Bl o] 23}
EZZAME(b) 350,0000 (A< RA AFE £ 600,000% 1
Z 7)1 %] 8] 4(at+b) 1,169,000% ¢ 1,230,000
-2H) A (25kW+3.7kW = 28.7kW) -Am) A

Ho

A AHn]§

28.7kW x 28} x24hr/Q x365% /%
=502,824kWh/d
502,824k Wh/d x 559 /kWh=27,6554

(1.5kW x 28])+(3.7kW % 0.05)+5.5kW = 8.6kW
8.6kW x24hr/d x 3659/ =
75,336kWh/'d x 550 /kWh = 4,143

Adseue  NelE WAl 235 £ 5 TEAA B =7 "4 e
N 10,0007 91/'d x3t) = 30,0007 & 10,0008 91/5d x2t) = 4,000 &
FAHHE () 57,6554 414789
57,6557 ¢ + (1,169,000 € x0.1)
EIE=R=RS] ’ BNt E|
18240 74 ss5mend 4,147 9 + (1,230,000 9 x 0.1) = 127,147 /%
Hl 240 ¢ (FA AW L) + (271FAE@+b) X A3 78(0.1)
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Table 8. Continued
@® ¥ 9] &4 (Benefit)

72 Q4 5%

94 52

SFEEHA
800m?/ x(16.5) = 132m*%/<d
&8 A cake

d/d =9,741 &/
A2 H] -G FE7D)
9,741 E/\d x 35,7859/ = =348,5813 ¢

SFEEHA
800m*/Q x(60) = 480m%/Y
"L A cake

132m% ¥ x (3.7)% x100/(100-81.7)= 26.7%/U x 365 480m%/% X (2.2%)* 100/(100-81.7)=

57.7%/94 x365%9/9 =21,062+/1
A 2B EEFF7)
21,062/'d 35,7859 /= =753,700% &

753,700 - 348,581 ¥ =405,1194 4/3 -

T AT EFA) 9,741E/9 x10,5309/E =102,573H Y 21,062E/d x10,5309/==221,783 4 ¢
ok ol(e) 221,783 9-102,57331 9 =119,210H ¥/ 3 -
HIEANB) 4051198 9/9+119,2108 /d=524,3297/d -

HARAMB) : (EAAZFs ) + FFL2d

® 7AAA B7HB/C Ratio)

B 524,329

E===222222-3,
C 174,555 30
AUEE B FHEEYAOIA 1S Cost)S BAF

A
N
N
)
(==Y
N
>
o
ol
4
(o
i
ofy
)
1>

I'sE27} 127,147/
o7 7] AXM] B fAAFH| R F)lM FE
527t AUt

A Benefit) 0. 2= YAEZ7) 7F5o=2 LEjA 7t
Fgolol FFEto g et VU adE IS & donm
2 $YF=x9) vlawste] a7k 524,3298%19] o]2o]
A ST

|

<

A, Hl-g A 02 HO M8 & (B/C Ratio)
AR, 3.00 =& BAA Ee FEsto] 94
T57] 290] BA WM dEd AAE dE

AT

322 25595 ¥ 4P9

® 73A1”d B7HB/C Ratio)

_B_ 613,367 _

o
)
12
og)
D
=
D
=
T
1z
flo
i
i)
g
%
o
o2
2
>
N
=

OF3E z] 7} ol (e))

w2, Hell 4L B/C Ratio) AWAA, 2459)
e AAA Bpie sl 45 5 9ol ¥
S 3Aud A8 Bl FE 2

32.3 dAgrol ME"S W
@® 7AAA F7HB/C Ratio)
_B_ 107,933 _

E=C 119,957 0.90

QA7) WEES7]9] vlgHe Ao glo H]
£(Costye AE7171 119,957 /3, WEEF7|7}
150,4383 /A0 7 A1) F Hlgo] HLe Flo
2 4=t

A (Benefit)e A E7] 7Hs0
= FeiA) CakeRrg A%, 2904 Aok, oAk
A HiA] 5o FHAF 7RIS o]Yo= A&, ¥
S E ZUlo) W2 &AL H|go7 FHE A E
107,933 91/49] elel& ATt
waha], BB 0 2 Holm|8H]S(B/C Ratio)
AAT, 09002 AA|Ao] Fe Aoz BAEG O
, 2 Aol AAA A 7o s AgstE H
S Fgslgong AYsiEx e W (7hy
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Table 9. Improvement of sludge treatment process
A - dqdEHA 5 P el H| 37
s g e 9 24 o W E 24 AEP
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