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Abstract — The potential of using the biogas as energy source has long been widely recognised and current techniques
are being developed to upgrade the technical quality and to enhance energy efficiency. The objective of this paper is to
present efficient and effective pre-treatment methods of increasing the amount of produced biogas in anaerobic diges-
tion of activated sludge treatment process. The paper also presents a review of the effect on biogas production between
pre-treated and raw sludge, and also put forward the advantages and disadvantages of each pre-treatment method.
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Fig. 1. The biogas value chain [25].
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Table 1. Energy content of wastewater [28]

Constituent Value Unit
Average heat in wastewater 41,900 MJ/10 °C-10°m®
Chemical oxygen demand (COD) in wastewater 250-800 (430) mg/L
Chemical energty in wastewater, COD basis 12-15 MJ/kg COD
Chemical energy in primary sludge, dry 15-15.9 MJ/kg TSS
Chemical energy in secondary biosolids, dry 12.4-13.5 MIJ/Kg TSS
3. SleXE|E Bz o oUX| 257 |s2t =XIE Suspended organic matter
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Fig. 2. Subsequent steps in the anaerobic digestion process [30].
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Table 2. Summary of energy recovery potential using established technologies [29]

Biosolds Technology “Gap> Reducton Posele Other Technology +Gap> Reduction Posate
Anaerobic Digester (AD) Biogas with boilers 13-57% Enhanced solids removal 10-71%

AD Biogas with cogen engines 11-61% Anaerobic primary treatment 25-139%

AD Biogas with microturbines 5-38% Heat recovery 13-49%

AD Biogas with turbines 7-46% Hydraulic 0%

AD Biogas with fuel cell 6-42% Ammonia as fuel -6-12%

AD Biogas with WAS pretreatment -2-60% Heat from centrate 13-49%

AD Biogas with Co-digestion 2-128% Microbial fuel cells 8-110%
Incineration 2-69% Biofuel from algae -39-208%
Gasification -9-82%

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



416

Arkels A7V 23, e Tiol M olibsteAe B B

=& FEohs 7k AV s, F7184s) AR=Y LS s
52 FolelA A7t 218 E|o] gitt. F7)d Aslel] ojgt A7+
1936+ Barbit 5-oll 2J8l|14 Almd o -4 1|5S SHO=E 1960
g o]$ Ao MPH et A7 2sPleS A W&

5, 185 w5, T A, Ate] A W FqPaef we ok
oFet nfo] @7k Agl® FHEETH31).

ol 3537 T == Mt 4] sl Eol wet &
TEE AFAT] gEA Y, 349 a8 % Halsht. Ak
WSl of] WA= T2 o) 0 = s 11, W8-7] el
b= 92 8ENES-7] (Continuous Stirred Tank Reactor, CSTR)
9} AR #7144 £e1R] SAWES7](Upflow Anaerobic Sludge
Blanket, UASB)Z 7-3k1L Qlth. T4 A&8lxo] 49 f71/34

71EE SR Aol WolA @A = Ho”?jo]”% 24 A&
3120 9 A g zo) Mighta g JEste] W& 1At
SHAEFMES7I(CSTR= 7H 7132421 el 2] whg7] = Aslx o
9] mjAEo] A7 del FAsHA F-frElo] A= dElelA F714 94
3} Wkgo] dojutt, kRl WG EA TS 71(UASB)E=
H7194:3} v Eo] W2 UjollA] 44 £81A]5(Granular Sludge
Blanket)y Y ES o] Hhg-2= Uloll T2 AR A &
Ho g 5% Hy71de] 88 AlFA17H(Hydraulic Retention
Time, HRT)E.C} U] A& A 5H-A17H(Solid Retention Time, SRT)°] T
AA) Ah32]. AHA o R W el EAlehs vAERe] =7
el o =22 A del whet A EgnkgT] SR Y
® AYass 7]EH6L T = FRjoth

AAZ AFGEGe] F7)d48) FofellA=
H 519704:8] A 7] AR @718EE A SRS 7
283k Aldo] 36%E AHAIEt] 7HE 2 HlEE WERATH33].
2] A% 4-3]57d (Wet Continuous Digestion Process)y> 2] 4=
A 18 = 6“&0] 15% v A F71daskel Heg
= 7~10% W) oE A HA71Ee =2
ZRl 739-oll = o] golsfrt.

HEOl g8 = b &k nke-x g -xEsle] won
ol vk #H5rt %}”‘gob— 7hA] oA AH]Fo] FrleE o
o] Qlor) A-Ho] 7ksatrh= rlo] JlTh34]. A2 g7
1980 thel] 244 0 = 7)) AlEei3laL, “3-83h= Dranco(ARBIOS,
Belgium), Valorga & (La Buissee France), Compogas(Switzerland)
5783 12 9423} Biocell(Netherlands), Sebac(US) 52] ]2
570] QJtH(Cecchi and Traverso). &7 7243} 3792 11533}
2 2A57) ufiol] W-g-20] & S)rahs vlo] etk Ae) Wigksk

o] & Ao YERITH3S].

1998~2004 37+ 734
[e]

I~

o RTI

o IIf

e}

L ‘1:"
= 1HE SRR

¥ 4y 3o
%

P
r oo

3-4. SkeREIE HIOIRTIA J[E2| B9t MXE| 7|1E
A e elA BAshs SelAle 1A A9 YAES ATt
Atk 1A AE 12RAA] shtelA BAdE = Ao s

Ao Fee) vad £87h AuE g gew T
Alo] glo], Balst elslE ) vty EO_E'_ ;LHE] DI
Aol wlste] 417 etk JelzeA 23k BRI A

Ho} @& TN AEe uw% 5 o7 o
Fof| A& A KT} 287) o]FTh Table 3 A&w| =} ol
HA] VS 715 1 kgd AArEE vlo] @71 AAEES n|wEk Slo]

ol

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

Table 3. Biogas production from sewage sludge
Biogas production (mL/g VS) (m*/kg VS)

Reference =
Primary sludge Excess sludge
Sato [36] 612 (0.612) 380 (0.38)
Speece [37] 362 (0.362) 281 (0.281)
Rittmann & McCarty [38] 375 (0.375) 275 (0.275)
Bodik [39] 500~900 (0.5~0.9)

o = . *

L.

Cell membranes Pre-Treatment Cell disruption
of sludge and liquefied
sludge

Fig. 3. Cell disruption and sludge solubilization process by pre-treat-
ment.
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Fig. 7. Ultrasonic sludge pre-treatment for anaerobic digestion.
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Fig. 8. Schematic diagram of Ball-mill pre-treatment [59].
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Fig. 9. Schematic diagram of sludge homogenization [60].
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Table 4. The effect of pretreatment on CH, production
Pretreatment Method ~ Treatment Conditions AD Conditions Results Reference
Ozonation 0.1 g0,/g COD Batch 30 days, 33 °C  Increase of CH, biogas production (+100%) Paul [71]
0.15g05/g TS Batch 18 days, 35 °C  Increase of biogas production (+145%) Bougrier [72]
175 °C, 60 min CSTR 5 days Increase of gas production from 108 to 216 ml/g CODin (+100%) Li and Noike [73]
Thermal 175 °C, 30 min CSTR 15 days Increase of CH, production from 115-186 ml/g CODin (+62%) Haug [74]
121 °C, 30 min Batch 7 days Increase of biogas production from 3657 to 4843 Im® WASin (+32%) Kim [61]
170 °C, 30 min Batch 24 days Increase of CH, production from 221 to 333 ml/g CODin (+50%) Bougrier [75]
Ultra sonic 20 kHz, 108,000 kJ/kg TS ~ Batch 50 days, 37 °C Increase of biogas production (+84%) Salsabil [77]
20 kHz, 7,000-15,000 kJ/kg TS Batch 16 days, 35-37 °C Increase of biogas production (+40%) Bougrier [78]
7gNaOH/L, 121 °C,30 min ~ Batch 7 days, 37°C  Increase of CH, Production (+38%) Kim [61]
Thermo-chemical {ésglg%}’lg‘d &Ifn CSTR 25 days, 35°C  Increase of CH, Production (+75%) Valo [78]
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Mesophilic digestion, D*: Thermophilic digestion, S: Ultrasonica-
tion, P: High pressure homogenizer B: Ball-mill T: Thermal
treatment).
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