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A Feasibility Study for Renewable Energy from Sewage Sludge Biogas
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Abstract

This study was carried out not only to evaluate optimal operating condition to increase biogas production, but also to estimate
feasibility of renewable energy from anaerobic digester of sewage sludge. Semi- continuous Fed and Mixed Reactors
(SCFMRs) were operated in various condition to quantify the reactor variables. The result of SCFMR operation showed that
the biogas productivity and total volatile solids (TVS) removal of total solids (TS) 4% reactor at hydraulic retention time
(HRT) 20 days with Organic Loading Rate (OLR) of 1.45 kg/m’-d were 0.39 m’/m’-d and 26.7%, respectively which was two
times higher than that of TS 2.5% reactor. Consequently the daily biogas production of 20,000 m® would be possible from the
total volume of 52,000 m’ of anaerobic digesters of the municipal wastewater treatment plant in D city. In feasibility study for
the Biogas utilization, combined heat and power system (CHP) and CNG gasification were examined. In case of CHP, the
withdrawal period of capital cost for gas-engine (GE) and micro gas-turbine (MGT) were 7.7 years and 9.1 years respectively.
biogas utilization as Clean Natural Gas (CNG) shows lower capital cost and higher profit than that of CHP system. CNG
gasificaion after biogas purification is likely the best alternative for Biogas utilization which have more economic potential
than CHP system. The withdrawal period of capital cost appeared to be 2.3 years.
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Table 1. Operating condition for SCFMR

2 {71EAAE, Biogas ¥AE 59
HlaL5t7] fske] Lab
Scale SCFMR(Semi-Continuous Fed and Mixed Reactor)<
eAsg 2 Agzdel B2 FYAEY 7 9 24

ZZAE Table 19 B A
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2 B7FE st FEEEd AEHAE gEFYS
Reactor @D, 71AA o2 FFT JAELHAE dE5FYS
Reactor @, A& JoA&EHAE 1112 £% ¥ FH
5 EYXE FYT Reactor ), 2L A& X< &
=5 LIZ 9% 39 55 €yAE FYF Reactor
DE H}HeH, FUEHA TS(%)Y AAs=e
SRAAHRE FGriskr] dste A *F TS(EAFH &
& Reactor B, €AY TS(%)E AABE 4%= F9

Reactor ®& A stHth L3 AAF e <t Bl G
7+e Yste] ARAETF 22 VAES JadssAd &
3 ¢Z2(0.12 g 0:+NaOH 15 meq)E AxF et FY
Reactor D& 35+1°C7F Al =& F24d At &
23K(Mesophilic Digestion) A2 2A3HT. 2AF

S okl @ % R

Feeding conditions for SCFMR [(Jl:) (I/OS) V(SOLT)S (ke V(;I/‘rr];-day) Eil:yT)
D Gravity thickened primary sludge 65 2.08 71.15 0.93 15/20
@ Mechanically thickned waste activated sludge 31 3.11 69.13 0.76 15/20
@ Gravity thickened the mixed sludge of primary and waste activated sludge (1:1) 46 2.50 48.81 0.81 15/20
@ Gravity thickened the mixed sludge of nightsoil and primary sludge (1:1) 50 1.51 60.93 0.89 15/20
Mixed sludge of gravity thickened primary sludge and mechanicall
? thickened wgaste aftivatzd sludge (4ﬁ) ’ : ’ j 2386 S84 088 13120
Mixed sludge (TS 4%) of gravity thickened primary sludge and
Y mechanicallf/ tl&ickened) wasti act?vated sludgep(1:2)y : i 3.98 7286 143 135120
(@D Mechanically thickened sludge with pretreatment - 243 75.31 0.88 15/20

* UB(Ultimate Biodegradability)
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Fig. 1. Schematic diagram of anaerobic sludge digester.
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Fig. 2. Results of SCFMR operation for different sewage sludge (@ : Thickened primary sludge (PS), O : Thickened
waste activated sludge (WAS), [] : Thickened PS+WAS 1:1, Il : Thickened PS+Nightsoil 1:1).
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Fig. 3. Results of SCFMR operation for increasement of biogas production (@ :
. Pretreated thickened WAS (OLR 0.85kg/m’-day), [ : Thickened PS+WAS 4:1
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Table 2. Comparison of results from lab scale SCFMR and Daejeon municipal wastewater treatment plant

1 0,
Wastewater SCFMR Ml)sed sludge SCFMR TS(4/0) SCl':MR Tickened wasted
Parameter treatment plant (Primary sludge) (Primary : Thickened (Primary : Thickened activated sludee
in D city y 8 wasted activated =4:1) | wasted activated = 1:2) 8
HRT (day) 23 20 20 20 20
OLR
(kg VS/m® - day) 0.8~09 09~1.0 0.8~0.92 14~15 0.80 ~0.90
pH 7.0~72 6.8~72 6.8V7.3 6.7~173 6.8~74
Alkalinity
(mg/L as CaCO) 1,594 ~ 1,958 1,800 ~ 2,400 1,800 ~ 2,300 1,800 ~ 2,500 2,210
Biogas Pro. 0.34 022 020 039 035
(m°/m’-d)
Methane Pro. 022 0.16 0.14 0.26 020
(m°/m’-d)
TVS Removal (%) 30.8 25~35 25 27 41%
BVS Removal (%) (Vs 4b1ased) 50 46 53 58
gutrg o FrHadE RIHAES F7IEANA 2~25% FFoIH 52,500 m' AFEY AFxN FF
@%Mzz galstel g 9}‘8}5 EA. %@ A9A 16000 m’/day®] Biogas& B2¥5tiL AT Lab Scale SCFMR

‘6]-‘3% Biogas 434t
—‘%‘Eﬂ%ﬂr S HRT %7
€7 Biogas TAES A

JBER o] BF U=
Zo] L3tk ]
F9& Reactor .«] 78"?—,
A7 EA = 4
A e %‘%*9}9} Biogas ’\VH"@"H‘#
EA1717] St A edxhd FRsivha

g
)
{rtg
)
o
2,
z Of
il
)—]
)
N
o X
fr
>
v
X

3.2. Mol K|S BHE 7t

+X2%, steATE FrdLsxd FYHE £F éﬁizl
2 HAABETS 4%)=E &9 $YSHAZ e o
Biogas WSS B 039 (m/m-d)2, A ZWE 75;%
g A9 16,000 m/dayR T} 25% Z7FH <k 20,000 m’/day
] Biogas A4to] 7Hsdtrh ol & o] &sto] EWF Eabd
AA 2" r2AR 2 mlo|a27F2E RS 7MeE d<
AdS F58& A8E AT F9Y FE 7t FA
A $d7 4% W8S Table 30 83T

2 A7 BAY Bt H&d 7F2A%1S HASSEGt
(5¢)2 =d HET-GBC 1021°]¥, A8 2 & Alage
Z+Z: 38%, 44%0°]t}. wlo]l2 2 7B RIS Capstonjil: (7] =)
9] 2d MGT C30 Biogase]™, d¥ 9 ¢ AHitgg2 &
Zr 26%, 44%°Ith. FEAZ(CNG)ES ZAAY Frldle

AA DABEATE A dri8E §9&HA = BAXNEAE AA AAH= vl B7FE(SE 96 ~ 99%)
Table 3. Benefit of combined heat and power system and CNG gasification
Parameter Unit GE MGT CNG
Biogas productivity m’/day 20,000 20,000 20,000
Methane productivity % 66 66 66
Energy production kW/m’ 1,021 kW/420 m’ 30 kW/20 m’ -
Heating value keal/Nm® 8,560 8,560 -
Energy utilization % 82 70 i
(electricity+heat) (electricity 38, heat 44) | (electricity 26, heat 44)
Generator operation % 70 70 -
Electricity production kWh/year 12,421,670 7,664,693 -
Heat production kWh/year 13,772,116 12,978,881 -
Gas production m’/day - - 13,608
Electricity/Gas price won/kWh 72.73 72.73 600 (won/m3)
Heat consumption for process kWh/year 5,095,683 4,802,186 -
Power consumption for process kWh/year 7,949,869 4,905,404 -
Total carned Thousand won /year 956,271 795,374 2,350,104
(thousand won /year)
Investment cost Thousand won 7,344,500 7,250,000 5,500,000
Payback period year 7.7 9.1 2.3
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