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Abstract : Economic feasibility is one of the most important factors in energy production from regenerative biomass. From the
aspect, biogas from anaerobic digestion of wastewater sludge is regarded as the most economical because of its cheap substrate
and additional income from the disposal of waste sludge. Sludge hydrolysis has been regarded as the rate limiting step of
anaerobic digestion and many sludge pre-treatment technologies have been developed to accelerate anaerobic sludge digestion for
enhanced biogas production. Various sludge pre-treatment technologies including biological, thermo hydrolysis, ultrasonic, and
mechanical methods have been applied to full-scale systems. Sludge pre-treatment increased the efficiency of anaerobic digestion
by enhancing hydrolysis, reducing residual soilds, and increasing biogas production. This paper introduces the characteristics of
various sludge pre-treatment technologies and the energy balance and economic feasibility of each technology were compared to
prepare a guideline for the selection of feasible pre-treatment technology. It was estimated that thermophilic digestion and thermal
hydrolysis were most economical technology followed by Cell rupture™, OpenCEL™, MicroSludge™, and ultrasound. The cost
for waste sludge disposal shares the biggest portion in the economic analysis, therefore, water content of the waste sludge was the
most important factor to be controlled.
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Table 1. Sludge generation from municipal wastewater treatment
plant in Korea[1]

Year 2006 2009 2010 2011 2012
Ton/day | 7,446 8,292 8,603 8,892 10,008
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Figure 1. Schematic representation of anaerobic decomposition of wastewater sludge in anaerobic digestion[2].
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Figure 2. MicroSludgeTM process for sludge pre-treatment by reducing pressure with alkaline macerated sludge[38].
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process for continuous sludge treatment by thermo hydrolysis and anaerobic digestion[56].



7] 2xstof Al o] upo] @ 7k RAF FR1 S 9fet &Ef A A 71& 361

Table 2. Installation experience of thermo hydrolysis process for

sludge pre-treatment

Sludge treat- | Year
Process Plant location ment capacity | com-
(m’ DS/year) |pleted
Saumur, France 1,600 2006
Chateau-Gonthier, France 1,000 2007
. Le Pertuiset SIVO, France 2,000 2008
Th]zll;’;m Monza, Italy 15,800 | 2010
Tergnier, France 1,600 2011
Esholt, United Kingdom 32,800 2013
Oxford, United Kingdom 26,000 2013
Bonneuil, France 300 2012
1];:/ )s(%;[ Versailles, France 8,300 2015
Marquette-Lez-Lille, France 22,000 2015
Aberdeen, United Kingdom 16,500 2001
Afan, United Kingdom 25,000 -
Beckon, United Kingdom 36,500 -
Brisbane, Australia 12,900 2006
Brussels, Belgium 20,000 2006
Bydgoszcz, Poland 7,500 2006
Cardiff, United Kingdom 35,000 -
Chertsey, United Kingdom 9,600 1998
Crossness, United Kingdom 36,500 -
Davyhulme, United Kingdom 91,000 -
Drammen, Norway 6,000 -
Dublin, Ireland 36,000 2002
Frederica, Denmark 8,000 2002
Geiselbullach, Germany 2,000 2008
Cambi™ | Hamar, Norway 3,600 | 1995
Howdon, United Kingdom 40,000 2009
Milton Keynes, United Kingdom 22,240 -
Nagaoka, Japan 1,200 -
Neastved, Denmark 1,600 2000
Riverside, United Kingdom 40,000 -
Santiago, Chiele 36,000 -
Sarpsborg, Norway 4,000 2000
Stavanger, Norway 22,000 -
Tees valley, United Kingdom 40,000 -
Tilburg, Netherlands 28,600 2014
Turku, Finland 14,000 -
Vilnius, Lithuania 23,000 2010
Washington DC, United States 149,000 -
Whitlingham, United Kingdom 20,000 -
DS : dry solid

- : completion year unknown

-
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Table 3. Comparative analysis of sludge pre-treatment by ultra-
sound cavitation and hydrodynamic cavitation
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Table 4. Full-scale installations of ultrasonic sludge pre-treatment
for anaerobic digestion

Capacity | Ultrasound | Start-up
WwITP Sludge | " p £ )" | load (kW) | year
Darmstadt MWTP, Mixed
Germany (PS-WAS) 180,000 16 2000
Std Treatment W. | 15000 was | 40000 | 6 2000
Germany
Mixed
Detmold, Germany (PS-WAS) 95,000 14 2000
Mannheim MWTP, | 50% PS-
Germany 50% WAS 725,000 24 2001
Riisselsheim MWTP,| Mixed
Germany (PS-WAS) 800,000 10 2001
Wiesbaden MWTP, | 35% PS-
Germany 65% WAS 360,000 48 2002
Kévlingue MWTP, | 25% PS:
Sweden 75% WAS N.A. N.A. 2002
Bad Bramstedt SW. | | NA | NAL | NA
Germany
Mangere MWTP,
New Zealand N.A. 80,000 N.A. N.A.
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Table 5. Power usage for sludge pretreatment and anaerobic di-
gestion based on 18,000 ton DS/year[38]

Technology Power (kwh)/ton DS
Thermal hydrolysis 310
Thermophilic digestion 178
Ultrasound 675
MicroSludge 555
OpenCEL 407
Cell rupture 204
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Figure 7. Schematic representation of Sonico Sonix ™ unit (a) and Ultrawaves SonolyzerTM unit (b) for ultrasonic sludge treatment[74,75].
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Figure 8. Daily power balance from the sludge pre-treatment and anaerobic digestion based on 18,000 ton DS/year [38].
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Figure 9. Cost balance of sludge pre-treatment and anaerobic digestion of 18,000 ton DS/year compared to mesophilic digestion[38] ( [l :
Sludge disposal by incineration; [__]: Sludge disposal by landfill).
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