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ABSTRACT : Anaerobic digestion was investigated for the stabilization of sludge, decrease of volatile solids, production of biogas

for wastewater sludge. In this study, total solids and volatile solids, elemental analysis were conducted to determine characteristics
of various types of sludges and investigate the feasibility of biogas production of Municipal Wastewater Sludge (MWS), Industrial
Wastewater Sludge (IWS), mixed sludge (Mix), and Municipal Wastewater Sludg Cake (MWSC). Total solids, volatile solids, and
C/N ratio were determined in the range of 11.2~20.6 %, 62.1~83.1 % of TS and 4.96~8.33 %. Using the biochemical methane
potential (BMP test), mixed sludge and wastewater sludge finished the methane production within approximately 20 day and 16~17
day. Sludge cake finished within 10 day. Mixed sludge produced 395.5 mL CH4 per g of Volatile Solid (VS) and resulted in the
highest methane production. For carbon dioxide production, five sludges had similar value of accumulated carbon dioxide production

except for sludge cake.

Keywords : Municipal wastewater sludge, Industrial wastewater sludge, Sludge cake, BMP test
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Table 1. Various types of sludges used in this study

Feedstock Sample No.
Municipal wastewater sludge cake MWSC
Municipal wastewater sludge (Kyokpo) MWS1
Municipal wastewater sludge (Gimje) MWS2
Industrial wastewater sludge (Food and beverage) IWS1
Industrial wastewater sludge (Meat processed food) TWS2
Mixed wastewater sludge Mix
Second digested sludge SD
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Table 2. Characteristics of sludge samples

Sample Total Solids (%) Volatile Solids (%) of TS
MWSC 21.4 62.3
MWS1 20.1 57.5
MWS2 11.2 68.9
IWS1 20.6 62.1
IWS2 12.0 83.1
Mix 11.8 74.5
SD 3.6 63.9
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Table 3. Elemental composition and C/N ratios of sludge samples

Sample CUItlmate I-flzlement a;alyms (drIifI wt. %) - N
MWSC 28.40 4.52 23.82 4.84 0.65 5.87
MWSI 34.01 5.01 11.91 5.06 1.49 6.72
MWS2 40.30 5.79 13.48 8.12 1.25 4.96
IWS1 46.14 5.52 0.00 8.31 2.22 5.55
IWS2 50.67 7.54 15.47 7.99 1.48 6.34

Mix 44.88 6.57 15.94 5.39 1.68 8.33
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Fig. 1. Results of cumulative methane (a) and carbon dioxide (b)
production from biochemical methane production test
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Fig. 2. Efficiency of theoretical and actual CH4 production of sludge
samples

Table 4. Theoretical gas production and cumulative methane and carbon dioxide production of sludge samples

Sample Theoretical gas production (mL/g VS) Methane production by BMP test | Carbon dioxide production by BMP test
CH, CO, NH, HS (mL CHy/g VS) (mL CO/g VS)
MWSC 446.97 404.93 124.44 7.35 24.70 20.53
MWS1 666.14 530.27 140.85 18.16 232.04 47.93
MWS2 638.60 440.64 188.45 12.65 180.54 63.18
IWS1 854.70 438.33 213.80 24.94 291.82 50.17
IWS2 696.87 452.59 153.75 12.42 260.92 5235
Mix 687.47 437.65 115.82 15.76 395.50 64.76
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Table 5. Ultimate methane yield and model parameters
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o] AklEr A~ 2] 72 Modified gompertz model o) 4] A A4
ZA7FS 712 2] 9Fo ™ Modified gompertz model(R*=0.921
~0.982) 5.t} first-order kinetic model(R*=0.945~0.981)0]
AjA o 2 o Aglslctar ISk 4= gtk First-order kinetic
modelof| A 2] Z|Zo0]AS}ELA 4288 Modified gompertz
modelo| 4] Bt} 34~13.6 % A= =7 Vel 1 32
MWSCo] 19.7 mL COyg VSo.2 7}A o MWSCE Al
2J5talE 48.0~76.3 mL COy/g VS22 & x}o]& Ho|X]
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o ofe

First-order kinetic model Modified Gompertz model
Feedstock B k R B. Rinax A R?
(mL CH4/g VS) (1/day) (mL CH4/g VS) (mL/d) (day)
MWSC 46.67 0.04 0.985 26.9 23 1.6 0.995
MWS1 - - - 257.3 23.8 8.2 0.995
MWS2 - - - 187.0 17.9 5.0 0.998
IWS1 - - - 314.7 323 7.2 0.994
IWS2 - - - 2712 26.9 6.0 0.997
Mix - - - 417.8 44.5 9.1 0.998
Table 6. Ultimate carbon dioxide yield and model parameters
First-order kinetic model Modified Gompertz model
Feedstock B k R B. Rinax A R?
(mL COy/g VS) (1/day) (mL COy/g VS) (mL/d) (day)
MWSC 19.7 0.38 0.970 19.0 5.02 0 0.954
MWS1 43.0 0.13 0.945 455 4.05 0 0.925
MWS2 65.7 0.16 0.960 63.3 6.65 0 0.962
IWS1 434 0.22 0.950 46.8 6.89 0 0.921
IWS2 60.7 0.10 0.961 55.7 3.89 0 0.966
Mix 76.3 0.07 0.981 67.2 4.25 0 0.982
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