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Introduction 

Anaerobic digestion (AD) of manure offers several benefits for agricultural 

waste management: It improves the fertilizer characteristics of manure, 

reduces its odour and converts organic matter into valuable energy 

resources like, for example, biogas. Using manure for bioenergy 

production in centralized biogas plants results often in a marginal 

economical benefit, since the value of the biogas yield per ton is only 

slightly higher than the costs for treatment and transportation. A newly 

developed pre-treatment method, wet oxidation (Lissens et al. 2004), has 

recently been successfully applied for the pretreatment of straw for 

bioethanol production at BioCentrum-DTU, the Technical University of 

Denmark. This pre-treatment method is a very promising option to 

increase both bioethanol and biogas yields from lignocellulosic biomass, 

i.e. all kinds of agricultural waste. 

 

Throughout recent years, several physical, chemical and biological 

pretreatment methods have been tested with limited success in order to 

increase hydrolysis of the lignocellulose structure of manure fibers (Fan et 

al., 1982; Gharpuray et al., 1983; Grethlein, 1984; Hartmann et. al. 

2000; Hobson and Wheatley, 1993). The combination of high temperature 

and pressure, together with the addition of oxygen in the wet oxidation 

process, has shown a superior potential for increasing the hydrolysis of 

lignocellulosic biomass with subsequent ethanol fermentation. In the 

present study the wet oxidation process was tested as pretreatment for 

increasing the biogas yield of the fiber fraction of manure.  

 

The wet oxidation pretreatment in combination with solid liquid separation 

of manure by using either chemical precipitation or decanter centrifuge 

(Møller et al., 2004) could be a promising option for a significant increase 

of the economical benefit in the AD treatment of manure.  

 

 



 

Methods 

Reactor experiments (3 L active volume) were performed on wet oxidized 

manure and manure fibers using non-pretreated manure and manure 

fibers in control experiments. One reactor experiment was performed by 

shifting the feed from raw manure to wet oxidized manure. In another 

reactor experiment, wet oxidized fiber material was introduced in co-

digestion with raw manure, and the ratio of wet oxidized fibers was 

increased until only wet oxidized fibers were used as feed. 

 

Results and Discussion 

Shifting the reactor feed from raw cow manure to wet oxidized manure 

resulted in an increase of the biogas yield from 0.26 m3/kg-VS (control 

reactor R2) to 0.44 m3CH4/kg-VS (reactor R1, see Figure 1). With a 

typical organic matter (VS) content of 6.5% in cow manure, the increase 

was 71% from 17 m3 biogas to 29 m3 biogas per ton manure. 
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Figure 1. Increase of biogas yield after feed shift from raw to wet oxidized 

cow manure in reactor R1. 

 

In the second reactor experiment two reactors were operated in co-

digestion of a mixture of cow and swine manure with addition of higher 

ratios of raw fibers (reactor R2) and wet oxidized fibers (R1), respectively.  

Figure 2 shows the biogas yields of the raw and wet oxidized fiber fraction 

per ton of fiber material with a VS concentration of 30%, which will be 

typical for separation from a decanter centrifuge. The biogas yield from 

the wet oxidized fiber fraction was 54-77 m3/t higher than of the non-

treated fibers. The increase to 100% wet oxidized fibers in reactor R1 

showed no inhibiting effect at biogas yields of 132 m3biogas/t. 
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Figure 2. Increase of biogas yield from manure fibers after wet oxidation 

 

Economical considerations 

The current design of a pilot-scale facility of the wet oxidation process at 

BioCentrum-DTU allows for initial calculations of the process economy of 

future industrial-scale facilities. The wet oxidation process can be 

implemented at a centralized biogas plant in combination with solid liquid 

separation of raw or digested manure.  

Regarding the energy balance of the wet oxidation pretreatment, results 

show that an increase of the biogas yield by 54-77 m3/t is equivalent to 

an increase in gross energy output of 0.36-0.51 MWh/t (65% CH4 in 

biogas) while the energy consumption of the process will be 0.1 MWh/t. If 

the heating energy for the wet oxidation is provided by surplus heat from 

a combined heat and power unit (CHP) connected to the biogas plant, 

operational costs are reduced to a minimum.  

 

Investment costs for wet oxidation equipment for the treatment of 20,000 

t/year of manure fibers in continuous mode are currently estimated to 

around 1.7 mio. Euro. Depending on the increase of biogas production the 

revenue will be 292,000 – 416,000 Euro per year (at a price of 0.27 

Euro/m3 biogas), i.e. the capital payback period will be 4-6 years.  
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