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EFFICIENCY IMPROVEMENTS 
IN WASTE-TO-ENERGY 

COMBUSTION PROCESSES 
Francis Chinweuba Eboh

Waste combustion technology has advanced from being used solely 
to reduce the quantity of waste that has been generated to being 
a valuable technology for recovering energy from waste in a more 
environmentally friendly manner. A waste-to-energy plant is one 
of the most robust and effective post-treatment options currently 
open to decrease the volume of waste produced, reduce greenhouse 
gas emissions and utilize the energy content in non-recyclable and 
non-reusable waste for the production of electricity and heat, and 

thereby reduces dependence on fossil fuel. Furthermore, waste combustion aids in the 
detoxification and destruction of pathogenic organisms that are hazardous to public 
health. Its electrical efficiency is, however, generally low when compared with other 
combustion plants and there is a lack of adequate evaluation methods for measuring 
efficiency. Moreover, waste-combustion technology is capital intensive due to the high 
capital investments and high maintenance and operating costs involved.  

This thesis presents improvements that can be implemented to determine the maximum 
available energy in a solid waste fuel and to evaluate the improvement in efficiency 
achieved in a municipal waste-to-energy combined heat and power plant. The method to 
estimate the chemical exergy of municipal solid waste incorporates the energy content, 
the entropy generated and the elemental constituents in the solid waste. This method is 
comparable with the results of previous models and is more accurate with respect to the 
type of solid fuel investigated. Furthermore, a modified exergy method was employed to 
evaluate the improvements possible of both the individual components and the overall 
process plant. It was found that 64 % of the total exergy destruction in the process plant 
investigated can be reduced; the boiler was identified as the component with the greatest 
potential for making improvements to the plant. 

Different improvement modifications and their cost implications were investigated based 
on the state-of-the-art technology applicable in a waste-to-energy plant. The results 
showed that the improvement modifications involving flue gas condensation have the 
highest exergy efficiency and are more economically viable than other improvement 
options. Flue gas condensation increases heat production, which has a significant impact 
on the overall income. A waste-to-energy plant producing both heat and power is an 
attractive investment and is more economically viable than a waste plant producing only 
electricity. 

This thesis presents work that was done within the Swedish Centre for Resource Recovery (SCRR). 

Research and education performed within SCRR identifies new and improved methods to convert 

residuals into value-added products. SCRR covers technical, environmental and social aspects of 

sustainable resource recovery.
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