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ABSTRACT 

Due to the impact of methane, carbon dioxide, and nitrous oxide on global warming, the 

quantity of these greenhouse gases (GHG) emissions from municipal wastewater 

treatment plants (WWTPs) has attracted more and more attentions. For decades, there 

has been a strong interest in mitigating greenhouse gas (GHG) emissions from 

wastewater treatment plants (WWTPs). The amount of GHG emitted depends on the 

influent and effluent characteristics, type of energy, and operation condition. Numerous 

tools have been developed to measure the emissions and propose the quantification, 

while Life Cycle Assessment (LCA) assesses the potential environmental impacts. 

However, the current knowledge for suggesting proper strategies towards sustainable 

development for WWTP is still limited due to the complex situation.     

This thesis investigated the environmental issues concerning the construction, operation, 

and demolition phases of the WWTP. Production and end-of-life solution activities for 

material, chemicals, energy, and all treatment processes were considered for the 
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research. Detailed data inventories for various type of wastewater treatment systems, 

consists of natural-based and activated-based, were collected for calculation. ReCiPe 

2016, EPD 2018, and TRACI life cycle impact assessment methods were employed via 

SimaPro 9.1 to measure all impact categories at both midpoint and endpoint levels. Two 

single-issue approaches, including Greenhouse Gas Protocol and Cumulative Energy 

Demand, were applied to support the results ensuring the hypotheses.  

The uncertainty analyses presented the accuracy of data, which significantly 

influenced the outcomes of the LCA. Obtaining information from other studies or using 

representative data from a single unit led to imprecision results. Therefore, the inclusion 

of construction and demolition phases in the assessment is vital. Moreover, results show 

that 12.8% of the total impacts were generated by construction and destruction 

activities. Their consequences on ozone depletion were 34%. The main contributors for 

the construction and demolition stage are concrete and reinforcing steel, while 

electricity and sludge are responsible for operation phase problems. It was found that 

operation period creates the most significant burdens and GHG emissions due to 90% of 

consumed energy are non-renewable fossil type.  

Regarding the benefit of nature and GHG emissions mitigation, materials recycling and 

different biogas conversion techniques are considered. The thesis concludes that 100% 

of recycled concrete and metal could reduce 4 ktons of CO2 equivalent.  The method of 

producing electricity and heat from biogas for internal utilization becomes the most 

optimistic when being avoided 115 g of CO2 per m3 of wastewater.      
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