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Abstract 

There are millions of tons of biomass waste being produced every 

year for which disposal is a problem. At the same time, the world is 

rapidly depleting its supply of natural gas, which is known to be the 

cleanest of the fossil fuels. There are different ways to convert 

biomass resources into useful energy. One important type of these 

conversion processes is the Anaerobic Digestion in which the 

biomass sources are used to produce biogas.  Anaerobic digestion 

(AD) is a collection of biological processes where the organic 

material is converted by microorganisms to produce a mixture of 

mainly methane and carbon dioxide (biogas) in the absence of 

oxygen. Methane is a very powerful greenhouse gas.  The 

combustion of methane releases energy, which can be used to 

generate heat and electricity. On the other hand, kitchen waste can be 

used to produce biogas due to its high biodegradability which can 

reduce the dependency on fossil fuels. This thesis presents a 

proposed design, modeling, simulation and prototyping of small-

scale biogas digester based on kitchen waste. The biological 

processes of the AD are mathematically modeled to give a complete 

representation of the physic-chemical reactions depending on several 

aspects such as microbial activity, substrate degradation, and 

temperature. A small-scale family size kitchen waste digester is 

designed to utilize the kitchen waste of an average Egyptian family 

and provides the required cooking heat of the house. The model is 

then simulated in Matlab/Simulink environment. The proposed 

model is simulated under different conditions to investigate the 

impacts of digester temperature, feed type, and reaction time on 



biogas production. The simulation results identify the best 

parameters for the operation of the proposed model. The design 

parameters detect the suitable size for a biogas digester based on the 

kitchen waste of an average Egyptian family. After designing the 

proposed digester and detecting its dimensions, the physical 

prototype representing the proposed digester in its final form is 

fabricated.  A novel control system for controlling different 

parameters of the biogas digester is developed. Finally, the 

fabricated prototype is examined experimentally by performing three 

case studies. The case studies examine the impact of time, 

temperature and feed type on the biogas production of the proposed 

digester. The results are reported and analyzed to derive the thesis 

conclusion and recommendations.  
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