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ABSTRACT Quebec caters to about 25% of swine production of Canada and tackles the 
swine manure generation via land spreading and conversion into fertilizer. However, the 
present regulations restrict the use of swine manure as fertilizer on a majority of 
farmlands due to phosphorus and nitrogen surplus problems. There are several existing 
treatment technologies to separate phosphorus and nitrogen from the organic-rich dry 
matter in swine manure, however, about 40% of the waste matter thus treated, still 
requires environmentally friendly disposal schemes. The present study investigated the 
technical feasibility of pre-treatment and value-addition of the swine manure solids into 
biofuels on a farm-scale basis using vacuum pyrolysis process. For this, a custom built 
stainless steel pressure vessel was used to carry out pyrolysis reaction of swine manure 
biomass in batch over a temperature range between 200 to 600 °C under vacuum. The 
vacuum was maintained between 200 to 400 mm-Hg. The pyrolytic vapour was 
condensed in two glass condensers in series and the biochar was collected directly from 
the pyrolysis vessel after the completion of the pyrolysis batch. The non condensable 
vapour and gases were considered as losses. The pyrolysis process provided four 
products, biochar, biooil, aqueous phase and gas mixture. Prior to the pyrolysis tests, the 
thermogravimetric analysis of the swine manure samples was conducted at three different 
heating rates, 4.2, 5.4 and 7.5 °C/min, which resulted into final temperatures of 238, 403 
and 586 °C, respectively. The optimal pyrolysis temperature with respect to biochar was 
238 °C, which resulted in a mass yield of 73, 9.6, 7.4 and 10%, respectively, for biochar, 
biooil, aqueous phase and gas mixture. The calorific value of the biochar (~ 21.1 MJ/kg) 
was higher than the dried manure before pyrolysis which was higher than many types of 
biomass. On the other hand, higher temperatures provided decrease in biochar yield and 
increase in liquid phase. The physico-chemical characterisation of biochar from swine 
manure showed that at 238 °C the concentrations of nutrients such as phosphorus and 
nitrogen were close to that of the original biomass in comparison to higher pyrolytic 
temperatures (Table 1). Thus, the presence of phosphorus and nitrogen integrated in 
biochar complex also indicates the potential of utilization of biochar in nutrient deprived 
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soil as slow release fertilizer, which sounds interesting from an environmental point of 
view. In addition, pyrolytic temperatures are also suitable for destruction of pathogens in 
swine manure such as Salmonella  spp., Cryptosporidium  spp., Yersinia enterocolitica 
and viruses (H1N1 among others). Therefore, the present study suggested feasibility of 
using vacuum pyrolysis process for simultaneous value-addition and environmentally 
friendly management of swine manure. 
 
Keywords: Biochar; calorific value; pathogen; solid manure; swine farm; vacuum 
pyrolysis. 
 
Table 1. Physico-chemical characterization of swine manure 

  Dried swine 
manure  

Biochar  
  586 ° C  403 ° C  238 ° C  

Calorific value  (MJ/kg)  19.7 17.1 19.9 21.1 
Water content KF  (%)  1.7 3.5 1.9 1.4 
Matter dries  (%)  96.6 98.9 99.0 98.0 
Ashes  (%)  15.0 44.5 37.1 19.7 
N total  (mg/kg)  40100.0 32500.0 43700.0 46500.0 
Phosphorus  (mg/kg)  15900.0 47300.0 40000.0 21000.0 
Potassium  (mg/kg)  22600.0 62600.0 52900.0 29600.0 
Calcium  (mg/kg)  20000.0 57300.0 48500.0 26200.0 
Magnesium  (mg/kg)  7940.0 23300.0 19600.0 10700.0 
Aluminium  (mg/kg)  436.0 1630.0 1090.0 597.0 
Boron  (mg/kg)  46.6 100.0 84.2 54.5 
Copper  (mg/kg)  646.0 2550.0 1510.0 900.0 
Iron  (mg/kg)  2270.0 7630.0 6960.0 3150.0 
Manganese  (mg/kg)  383.0 1170.0 982.0 526.0 
Zinc  (mg/kg)  773.0 2260.0 1880.0 1040.0 
Molybdenum  (mg/kg)  4.8 13.3 11.6 6.5 
Sodium  (mg/kg)  5260.0 14700.0 12400.0 6900.0 
Nickel  (mg/kg)  18.2 53.8 43.6 21.5 
Cadmium  (mg/kg)  0.3 1.0 0.8 0.4 
Chromium (mg/kg)  5.4 25.8 17.4 7.9 
Cobalt  (mg/kg)  2.6 7.1 6.2 3.3 
Lead  (mg/kg)  1.8 29.7 8.3 2.4 
Sulphur  (mg/kg)  5280.0 6730.0 6550.0 5310.0 
Barium  (mg/kg)  17.2 48.4 45.8 21.2 
Strontium  (mg/kg)  55.2 153.0 133.0 72.4 
 

 


