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Abstract 

A typical secondary wastewater treatment sludge was digested aerobically in a batch 

digester in the temperature range of 10 to 80 'C. Reaction rate constants were determined 

by measuring the amounts of volatile suspended solids removed at different time intervals 

during the process. The maximum value of the reaction rate constant (0.45 d-1 ) occurred 

in the temperature range of 55-60°C. The specific heat of biological oxidation was 

determined by energy balance calculations in the thermophilic range. Removal of 

indicator organisms in the sludge, during the batch digestion, was also studied. Sludge 

digestion at 60°C provided a noticeable difference in reduction of indicator organisms as 

compared to digestion carried out at 55 "C. The heat released by the sludge when it was 

preheated to 60 °C resulted in more economic energy consumption, better volatile solids 

reduction, better sludge dewaterability, and more effective pathogen inactivation as 

compared to digestion of the sludge at 40 "C. Addition of primary sludge to secondary 

sludge provokes cells growth followed by decrease in digestion kinetic constant and 

provides less digester's temperature. However, due to addition of primary sludge, the 

dewaterability of mixed sludge is improved to amounts much better compared to 

dewaterability of secondary sludges. Continuous autoheated thermophilic aerobic 

digestion (ATAD) was studied experimentally and theoretically. In a continuous ATAD 

system working with secondary sludge, feeds concentrated preliminary more than 30 g/1 

can provide stable temperatures above 40 °C in an aerated aerobic digester. Similarly, 

sludge feeds concentrated initially above 20 g/1 can provide stable temperatures above 43 

"C in an oxygen sparged aerobic digester. 
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Thermophilic anaerobic digestion of sludge was performed on 55 'C. Hydrolysis step in 

sludge anaerobic digestion takes place very slowly; which causes a limitation in 

methanogenes growth. Therefore, thermophilic anaerobic digestion of sludge. due to high 

energy requirements (in sludge pre-heating step) and digesters heat loss could not he 

operated as an independent autoheated process. 

Anaerobic digestion of waste food (discarded food) was studied under thermophilic 

temperature conditions. Different initial concentrations of waste food was ground and 

made into a slurry by adding water. Samples were prepared with and without the 

overlying layer of fat derived from the waste. All samples were anacrobie.ally digested at 

54 'C. At solids concentrations less than 20 g/I no significant difference was ohsei'ved in  

terms of volatile fatty acids production and methane production, between samples 

containing the fat and samples without the fat. However, at higher concentrations 

differences became more obvious. Biogas released from a 50 g/1 fat excluded sample was 

100% more than the gas generated from the fat included sample with the same initial 

solids concentration. Based on the energy generated in the form of methane, it was found 

that thermophilic anaerobic digestion of waste food could be autothermal. 

Methanogens could not grow simultaneously in the thermophilic anaerobic digestion of 

sludge due to rate limitations of hydrolyzing bacteria. Therefore, the effect of addition of 

primary sludge, waste food, and alkali to secondary sludge in order to I chieve 

autothermality were investigated separately. High concentrated secondary sludge mixed 

with primary sludge could be autothermally digested anacrobically. Since waste lood is 
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biodegraded easily, it could be an appropriate supplementary carbon source for 

methanogens growth. Secondary sludge mixed with waste food could be autothermally 

digested anaerobically. Also thermal-alkaline solubilization of waste activated sludge as a 

pre-treatment stage for anaerobic digestion, provides grate dissolved COD and possibility 

.for operating the anaerobic process autothermally. Digested sludge in theimophilic 

aerobic treatment has poor dewaterability. Also in respect of energy consumption, 

hydrolysis step in aerobic digestion is not as severe as in anaerobic digestion. Therefore, 

in an anaerobic treatment of partially digested aerobic sludge, not only dewaterability of 

the final sludge will be improved but also energy requirements of hydrolysis step will be 

waived off. 
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