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ABSTRACT 

Like every sector of activity, the agriculture sector will need to develop and apply 
solutions to mitigate greenhouse gas (GHG) emissions in order to limit the 
temperature increase to 1.5 °C above pre-industrial levels, which was an 
objective stated in the Paris agreement in 2015. In the province of Quebec 
(Canada), agricultural soils generate 26.9% of the total emissions in the 
agricultural sector. Most of them are in the form of N2O emissions resulting from 
the nitrification and denitrification of mineral N. Research studies demonstrated 
that biochar amendment to soil can contribute to the reduction of GHG emissions, 
and particularly N2O. Biochar is the solid product of the thermochemical 
decomposition of biomass at moderate temperatures (350 – 700 °C) under 
oxygen-limiting conditions, which is generally achieved through pyrolysis. About 
50% of the carbon (C) in biomass is found in biochar after pyrolysis, and most of 
this C would be sequestered in soil for more than 1000 years according to many 
researchers. However, not all biochars are created equal as their properties will 
depend on both biomass properties and pyrolysis operating parameters. Therefore, 
biochar with specific properties should be designed for a specific application. 
Soil properties and environmental conditions will also have an impact on the 
effect of biochar in soil.  

The main objective of this doctoral research project was to produce engineered 
biochars with specific properties and to evaluate their potential to be used as a 
tool to mitigate climate change. Based on the literature review, biochars with low 
O/Corg (< 0.2) and H/Corg (< 0.7) ratios would indicate high potential for C 
sequestration. Moreover, biochars with a low N content, and consequently high 
C/N ratio (> 30), are expected to be more suitable for the mitigation of N2O 
emissions. A vertical auger pyrolysis reactor designed by the Institut de 
recherche et de développement en agroenvironnement (IRDA) and the Centre de 
recherche industrielle du Québec (CRIQ) was selected as the technology to 
produce the engineered biochars with the properties that were identified. Using a 
range of pyrolysis parameters (temperature, solid residence time and nitrogen 
flowrate) selected from the literature review and preliminary tests, biochars were 
produced from wood, switchgrass and the solid fraction of pig manure (SFPM). 
A Box-Benhken design based on the response surface methodology was validated 
to identify the optimal pyrolysis operating parameters in order to produce the 
engineered biochars. For each biomass, one pyrolysis test was performed using 
the optimal parameters identified from the statistical models to obtain biochar 
with the maximum O/Corg and H/Corg ratios (scenario A). A second biochar with 
the properties needed to sequester C (minimum O/Corg and H/Corg ratios) was 
produced from each biomass (scenario B). These six biochars were amended in 
two agricultural soil (loamy sand and silt loam) at a rate of 2 % (w/w) with N 
fertilizer and incubated for 45 days. The benefits related to GHG emissions were 
specific to both biochar and soil properties. Biochar-C mineralization rate over 
the 45-days incubation period represented only between 0.18 and 1.68% of their 
total C content, and was particularly low for biochar produced at a higher 
temperature. When compared to the control soils without biochar, N2O emissions 



were only decreased in the silt loam amended with biochars made from wood and 
switchgrass (C/N ratio ≥ 100). The difference (-90%) was only significant with 
the biochar produced from switchgrass at a low temperature (459°C) and with a 
short residence time (78 s). Lower concentrations of NO3

- and NH4
+ in soil 

caused by the adsorption of N compounds on biochar or by N immobilization, 
and a change in soil microbial abundance were identified as the mechanisms that 
can be responsible for the reduction of N2O emissions. A life cycle approach was 
used to evaluate the GHG emissions and energy impacts of the pyrolysis of 
switchgrass, from the cultivation of switchgrass on marginal lands to the 
valorization of co-products. Both pyrolysis scenarios were evaluated, as the 
experimental data from pyrolysis and from the incubation study were used as 
input data. It was found that both scenarios resulted in a net reduction in GHG 
emissions, and this reduction was higher (-2524 kg CO2e t-1

biochar yr-1) in scenario 
B carried out at a higher temperature and with a longer residence time than in 
scenario A (-2105 kg CO2e t-1

biochar yr-1). However, the energy balance of scenario 
B (-10,960 MJ t-1

biochar yr-1) was more negative than scenario A (-2401 MJ t-1
biochar 

yr-1). These results suggest that pyrolysis operating parameters have a high 
influence on the GHG and energy impacts of biochar production systems. From 
the results of this study, it can be concluded that only biochars produced using 
specific biomasses and pyrolysis operating parameters can be used as a tool to 
mitigate climate and only in specific soil conditions. Further studies are needed to 
validate the results obtained from the incubation study in the field for the 
Canadian climate and in the presence of crops. 
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