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Mathematical modeling of household waste recovery 
           
            The energy crisis caused by the war in Ukraine confirms the urgency to accelerate the 
development of renewable energies. In addition, the exponential growth in the production of 
household waste worldwide continues to cause sometimes irreversible environmental damage. 
The treatment and energy recovery of waste can partly address these issues. However, until now, 
this field has benefited little from a mathematical modeling approach. 

We will present here two dynamic models of waste-to-energy conversion: an economic 
and a biological one. 

The first model describes the problem of a potential investor in the recovery of household 
waste. We would naturally like to maximize the net profit generated by the sale of the energy 
produced. We first study the differential system that describes the evolution of a stock of waste, 
the amount of energy produced, and the capital dedicated to the transformation process in a 
waste storage and recovery center. Then, we insert decision variables to the system which are 
both the investment and the part of the waste to be treated. This leads to an optimal control 
problem that will be solved by the deductive method. A sensitivity analysis with respect to the 
parameter confirms the robustness of the model. The objective of this investment policy would 
be to help decision makers to orient themselves towards 
investing in this activity. 

Through a dynamic system of seven equations, the second model describes the biological 
process of anaerobic digestion of organic matter with acidogenic and methanogenic biomasses. 
The qualitative analysis shows that an infinite number of non-hyperbolic equilibria induce an 
attractor that is identified. The results obtained allow to explain the quantities of energy produced 
according to the initial conditions. Numerical simulations confirm these results and also highlight 
the impact of the mortality of acidogenic and methanogenic biomasses on biogas production. 
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