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Introduction 
Field storage associated or not with windrow turning is the most commonly used process for recycling solid 
manure produced in livestock houses. Optimal management of solid manure is a strategic issue of sustainable 
livestock farming at global scale [1]. Optimization should consider the fertilizing value, harmful gaseous 
emissions such as ammonia or greenhouse gases, increase of degradations rates and potential for carbon 
sequestration. Dynamic modelling can help decision making in multi-objective/multi-constraint environments. 
Several processes explain organic matter evolution and speciation of gaseous losses from solid manure. On one 
side they have complex relationships that associate macroscopic and microscopic determinants. Among 
macroscopic effects are passive aeration and climate influence. Among microscopic determinants belong activity 
of microflora, nutrient limitations due to carbon or nitrogen availability, toxicity coming from animal feed or 
health treatments. On the other side the information available on farm is most frequently scarce. The choices of 
mathematical description and parameterization of processes and their simplifications are critical issues of 
modelling on-farm composting. For the first time, a dynamic model integrating biodegradation, nitrogen 
transformations, thermal behaviour, passive aeration and using simple initial description is proposed.  
 
Material and methods 
We developed a dynamic model based on carbon, nitrogen, moisture, and oxygen availability as these factors 
impact the most the biotransformations and the gaseous emissions. The windrow is considered as a 
homogeneous system composed of solid, liquid and gas phases because spatial distribution can hardly be 
predicted on farm scale. The model calculates the stabilization of organic matter and of nitrogenous compounds, 
kinetics of O2 renewal by self-ventilation, internal temperature and gaseous emissions of H2O, CO2, NH3, and 
N2O. It also computes the production of fine particles of stable organic matter as they can contribute efficiently 
to carbon sequestration because of both their fine size and their biological stability. The model is calibrated using 
literature data and composting experiments in controlled conditions. It is validated using temperature, 
composition and emission measurements observed in controlled and in field conditions with manure heaps 
ranging from 0.95 to 7m3.  
 
Results and discussion 
The initial fractionation of organic matter and of nitrogenous compounds and the initial biomass content are key 
factors to predict the initial kinetics of carbon and nitrogen organization. Prediction of total H2O, NH3 and N2O 
emissions are linked to parameters describing the manure specificity and the initial volume of the heap. We 
discuss the assumption of system homogeneity from the temperature calculations and oxygen limitation.   
 
Conclusion and perspectives 
A dynamic model of farm composting has been developed integrating biological, physicochemical and 
thermodynamical processes. Simple experiments using temperature records and mass budget can be used to 
check model predictions of final compost quality and main gaseous emissions, and to adjust model parameters 
for new substrates. Further validation should consider large size manure heaps under various climates.  
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