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Pre-Treatment of Sewage Sludge by Hydrodynamic Cavitation-Il:
Enhancement of Digestion Efficiency
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Abstract : Waste activated sludge from sewage treatment plants mainly consisted of flocs of bacterial cell, and thus hard
to be stabilized anaerobically due to rigid cell walls. One of the pretreatment methods to overcome this barrier is the venturi
cavitation system (VCS) adopting hydrodynamic cavitation. This research was conducted to investigate the effects of the
pretreatment of waste activated sludge by VCS on the anaerobic digestibility. Depending on the pretreatment period with the
VCS, methane production, COD removal and VS removal efficiency increased 41% ~45%, 36.5%~43.1% and 18.4~24.1%,
respectively, compared to the control case. The increase in methane production from digester was 3.3~4.2 times higher than
the theoretical methane potential of the increased SCOD after the VCS pre-treatment. This suggests that the VCS pre-treatment
not only increases SCOD but also improves the digestibility of solid fractions. The energy mass balance indicated that the
energy consumed for sludge pre-treatment could be recovered by the increased methane production after pre-treatment,
suggesting the high potential for field application.
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Table 1. Characteristics of concentrated waste activated sludge

(unit : mg/L)
Number of treatment
0 10 20 30
TCOD 30,455+2,827 30,749+3,241 30,839+2,864 31,156%£2,942
SCOD 200£115 444+ 165 616+208 740231

TS 27,954%£3271 28,419£3,225 28,161+3,386 28,337+3,460
VS 20,470£1,908 20,419£2,057 20,704+1,977 20,723+2,332
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series) & o|-&3t¥ o, SEA9] E4dS UEhl= CST
(capillary suction time)+= capillary suction timer
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Fig. 1. Methane production at various pre—treatment times and

SRTs; a) methane production and b) methane contents.
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Fig. 2. TCOD removal at various pre—treatment time and SRTs;
a) TCOD removal rate and b) TCOD removal efficiency.
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Fig. 3. VS removal at various pre—treatment time and SRTs; a)

VS removal rate and b) VS removal efficiency.
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Fig. 4. Comparison of methane yield under different pre—treatment
times and SRTs.
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Fig. 5. Relationship between SCOD increase and methane

production increment.
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Energy Balance (E,) = Energy Production (Ep)-
Energy Consumption (Ec) * * (eq.1)
Energy Production (Ey) = #ePHAS7=F
(ALCHJ/L Sludge)xtf|eraradal | shAkAI: « « (eq.2)
Energy Consumption (E¢) = AZAHIx-EHAIZH
| BEAAA 2B GL A« ¢ (eq.3)

Aol gt Brdske 35800 J/L CHi, FHAHAFE
3,600 J/ Wh, Zejameke ejgl] osto] A5at 2.2

g

Table 2. Energy balance

SRT Reactor Number of ACH4 prod. Power EP EC EB

(day) No. Treatment (L/L sludge) consump.(W) (Wh/L) (Wh/L) (Wh/L)
R2 10 0.24 2,000 241 246 -0.05
15 R3 20 0.50 2,000 500 492 0.07
R4 30 0.75 2,000 748 738 0.10
R2 10 0.25 2,000 251 246 0.05
12 R3 20 0.52 2,000 513 492 0.21
R4 30 0.75 2,000 750 738 0.12
R2 10 0.25 2,000 249 246 0.03
10 R3 20 0.50 2,000 497 493 0.04
R4 30 0.75 2,000 7.47 7.38 0.09
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F719e & 4 Ak % GO AN ol AL, o
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Table 3. Examples of economic

analysis of the VCS application

ltem

Calculation

Sludge flow—rate

100 m®/day (3% TS)

Power consumption

¢ Unit power consumption X flow—rate

= 7.38 kWh/m® sludge X 100 m® sludge/day
= 738 kWh/day at treatment 30 times.

Pre—treatment cost

Power consumption X Electricity cost

= 738 kWh/day X 54.3 won/kWh
= 40,073 won/day

Biogas increase rate

*« A CH4 production rate X flow—rate + methane composition

= 0.75 m® CHs/m? sludge X 100 m® sludge/day + 0.6
= 125 m*® biogas/day(60% methane) at SRT 15

Effect by biogas utilization

biogas cost = 125 m®/day X 100~200 won/m® = 12,500~25,000 won/day

refinery biogas production = 125 m*/day X 440 won/m*® = 55,000 won/day

fuel production for heat = 125 m*/day X 660 won/m* = 82,500 won/day

the generation of electric power

125 m*/day X 5,200 kcal/m® X 4.184 kJ/kcal X 1kWh/3600kJ X 30% X 84 won/kWh
= 19,037 won/day

CERs = 0.25 tCOy/day X 13.8 EURO/tCO, X 1,772.72 won/EURO
= 6,116 won/day

total of oil equivalent = 125 m%/day X 5,200 kcal/m® X 107" = 0.065 TOE/day
greenhouse gas reduction = 0.065 TOE/day X 3.883 tCO,/TOE = 0.25 tCO./day

Cake reduction rate

TS production = 100 m® sludge/day X 0.03 ton TS/m® = 3 ton TS/day
VS production = 3 ton TS/day X 0.73 ton VS/ton TS = 2.19 ton VS/day
VS reduction(untreated) = 2.19 ton VS/day X 0.279 = 0.61 ton VSq/day

Sludge production(X) = X / {(TS—VSr) + X } = 80% water contant
Sludge production = 11.94 m®/day at untreated

= 11.21 m*/day at 30 times treated
Cake reduction rate = sludge prod. of untreatment

— sludge prod. of 30 times treatment
= 11.94 m*/day — 11.21 m®/day = 0.73 m*/day

VS reduction(30 times treated) = 2.19 ton VS/day X 0.346 = 0.76 ton VSiq/day

Sludge disposal cost

Sludge disposal cost = sludge reduction rate X unit sludge disposal cost
0.73 m® cake/day X 52,500 won/m°® cake
= 38,325 won/day

4, 8 E Z7H50] 3.3~4.2uf0] F3lgict,
3) AAYE sl FUSE oA e}f wigt ko) vy S7t
el siulgold HA S 3 SRAE o= 2ol gk o YA] =215 Akete of tiFEe] =4
23t E sk HA 7t astage] vjAs 9FE = oA olYA] 257t 7Hsshet
Apsto] ot 22 AEE &=Esk9inh 4) AA o w2 A3ka S A AASS AR A3t
100 ton/day 59| Alde] thsto] A4 o] 4
1) AA 2] g £ A] SRT 10~15Uof|A] 4x3}AIX1 A} o kA 0] 7 ErE 100~200 /m’ Y 7$- 8,132~
Ztol vlsf HghdAgEF 9 TCOD AARES ZH2) 41 20,631 ¥/day®] ZHA|A o|elo] 7th=| St
~45% 9 36.5~43.1% =76 o, VSE= 24, 1~ KSEE
18.4% 7FA3lgic)
2) el sEshy] Ffulgo] S o83t &R Q] HA =
SCODE Z7HZ W ohel na@EE @74 4dte] A} A}
Gelsh AR WS o= g ST SCoD B A7 3R Beo-STAR Project 97121 5:4/2]
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