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Abstract: this study analyses the impact of diverting food waste from the solid waste management 

system to the sewerage system using life cycle assessment. The disposal of food waste through the 

sewers has a positive effect on fossil fuel resources and human toxicity, non-carcinogenic. However, 

the traditional waste management system lead to larger savings in climate change, reduced discharge of 

nutrients to the receiving water bodies and lower water demand.  
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Introduction  

The newly revised European Union (EU) Circular Economy Package targets an 

increasing the overall recycling rate of municipal solid waste to 65% by 2030 (EC, 

2019). Meeting this target will require separate collection and recycling of household 

food waste. Food waste disposer or kitchen grinder (FWD) has been suggested as a 

practical alternative to separate food waste collection.  Thus, FWD has been 

introduced in many countries such as the US, Canada, the UK, and Sweden.  

To guide the decision-making process on FWDs, numerous studies have been 

conducted, yielding inconsistent and contradictory findings. Most studies have 

focused on the impact on the sewerage system, highlighting benefits such as improved 

resource recovery via increased biogas production or increased digestate reused as 

fertilizer (Kim et al., 2019). However, those studies neglected the impact on solid 

waste management (i.e., reduction of food waste disposal and its treatment) and 

therefore offer limited information for decision making on how to handle food waste.  

The overall objective of this study is to examine the effect of food waste disposal on a 

Wastewater Resource Recovery Facility (WRRF) using benchmark simulation model 

(BSM2) and evaluate the waste and sewage management systems from an 

environmental perspective using life cycle assessment (LCA) methodology. 

Material and Methods 

Systems boundaries: the system includes both the treatment of source separated 

organic household waste (SSOHW) and sewage from collection to end use of 

recovered resources or final waste disposal using Copenhagen as showcase. Three 

different scenarios are considered: Sc1) conventional sewage and SSOHW 

management; Sc2) reduction of liquid food waste (LFW, e.g., dairy products) 

generated by citizens of 70%; and Sc3) 45% of food waste disposed through FDW 

(assuming 50% market penetration of FDs and 90% grindability).  The WRRF is 

modelled using the BSM2 (Jeppsson et al., 2007) with three different dynamic 

influents, representative of each scenario. Generated data feed the LCA model, 

implemented in EASETECH (Clavreul et al., 2014), which also includes SSOHW 

management. Given that the study is intended for decision making the consequential 

modelling approach was used in the life cycle assessment. 



Functional unit: system function is the service of managing wastewater, and liquid 

and solid food waste. The co-products of the main function of the system are managed 

using system expansion and the functional unit is defined as follows: “management of 

wastewater (including LFW) and SSOHW for one person in the city of Copenhagen 

for the year of 2025”. 

Life cycle inventory: generation and composition of solid waste was based on existing 

literature while the wastewater characteristics were adopted from the BSM2 and 

technical reports from the local utility (Biofos). For the solid waste treatment, data on 

consumption and process efficiencies were based on the EASETECH model (Clavreul 

et al., 2014). Energy and auxiliary material processes were extracted using ecoinvent 

3.6 database and following the system model "substitution, consequential, long-term". 

Impact assessment: The ReCiPe 2016 was used as the  Life Cycle Impact Assessment 

(LCIA). From the available modelling options, the hierarchist (H) was selected and 

the characterised results were generated at a midpoint level. 

Results and Discussion  

WRRF performance (fig.1): the disposal of food waste increases the effluent BOD and 

nitrogen concentrations, likely due to WRRF overload. While there is an increase on 

biogas production, there is also larger demand of energy for aeration and heating. 

Also costs associated to sludge disposal are larger. Given the C/N ratio of food waste, 

adding it to the sewage system leads to more resource efficient nitrogen removal, as 

less external carbon is needed. Reducing LFW disposal has a negligible effect.  

Life cycle impact assessment (table 1): Sc3 performs worse in terms of climate 

change mainly due to the reduced recycling of nutrients as fertilizer (in Denmark 

digestate from WRRF cannot be used as fertilizer), increased methane emissions from 

the sewer system and larger N2O emissions. For marine eutrophication and water use 

Sc3 also shows worst performance, mostly due to the higher nutrient and BOD loads 

in the WRRF effluent and water use for FWD, respectively. Conversely, Sc3 has best 

performance for fossil resource scarcity (FS) and human toxicity non carcinogenic 

(HTNC). In case of FS, savings are derived mostly from larger heat substitution due 

to the increased combustion of sludge at the WRRF and the decrease on ethanol 

demand for denitrification. When looking into HTNC, the reduction of digestate 

disposal on land reduces the leaching of zinc, main contributor to this impact 

category. 
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Figures and Tables 

 

Figure 1 Performance of WWTP during one year of operation with three different influents (Sc1- 
baseline, Sc2-redLFW and Sc3-grinder). Results are normalized to the Sc1-baseline values. 

Table 1 Characterized net impacts for Sc1-baseline, Sc2-redLFW and Sc3-grinder. In parenthesis is the 
95% confidence interval. Green colour means that the scenario has the best environmental profile 
within the impact category. Red colour means it has the worst. Yellow means same ranking among all 
scenarios. CC=climate change. PM=particulate matter formation. ME=marine eutrophication. 
FR=fossil resource scarcity. FEX=freshwater ecotoxicity. MEX=marine ecotoxicity. HTNC= Human 
toxicity, non cancer. WU=Water use. 

 


