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1. Introduction 
We present a new model and tool to calculate life cycle inventories (LCIs) of chemicals discharged in urban 
wastewater, WW LCI v2, resulting from the integration and further development of two existing models, 
namely WW LCI v1 (Muñoz et al. 2016) and SewageLCI (Birkved and Dijkman 2012). 

2. Materials and methods 
Error! Reference source not found. shows an overview of the model's concept. A chemical substance’s 
properties are used to predict its fate in a municipal wastewater treatment plant (WWTP), as well as in the 
environment. Based on the predicted fate factors, the model calculates an LCI including the operation of the 
WWTP and sludge disposal processes, as well as emissions from degradation in the environment of any 
fraction of the chemical directly released to the environment. 

WW LCI v2 integrates the approach of SewageLCI, i.e. fate modelling of chemicals released to the sewer, 
with that of WW LCI, i.e. a complete life cycle inventory, including infrastructure requirements, energy 
consumption and auxiliary materials used for the treatment of wastewater and disposal of sludge, as well as 
emissions resulting from direct discharges. In addition, WW LCI v2 has been expanded to account for 
different wastewater treatment levels, i.e. primary treatment, secondary (biological) treatment, tertiary 
treatment (sand filtration) and independent treatment by means of septic tanks. As for sludge disposal, 
composting of sludge has been added as a management option in WW LCI v2, adding to the existing options 
of reuse in agriculture, landfilling and incineration in WW LCI v1. In order to reflect current wastewater 
treatment scenarios, the model includes a database with statistics on wastewater treatment levels and 
sludge disposal practices  in 56 countries. The model is programmed in an Excel spreadsheet, which 
accommodates simultaneous calculations for 30 chemicals, either individually or as a mixture. 

The model covers the 
treatment of organic as well 
as inorganic chemicals. Input 
variables by the user include 
chemical-specific data such 
as elemental composition, 
anaerobic degradability, 
generic physical-chemical 
properties, half-lives in the 
environment and fate factors 
in a conventional WWTP with 
activated sludge. 

WW LCI 2.0 provides a 
database on the current 
status of wastewater 
treatment levels and sludge 
disposal practices in 56 
countries, based on a wide 
variety of public sources 

such as Eurostat, OECD data as well as country-specific statistics. These statistics are automatically loaded 
as input data to the model, thus providing a basis for country-specific LCIs. 

 

 
Figure 1. Conceptual diagram of WW LCI v2. 



3. Results and discussion 
The output of WW LCI v2 is a comprehensive inventory (Figure 2) linked to ecoinvent v3 data sets, that can 
be imported to LCA software in order to complement a life cycle assessment study of a particular chemical or 
a chemical mixture associated to a product or service. Impact assessment calculations are then easy to 
perform for different impact categories. 

As an example, Figure 3 
shows the impact assessment 
results for greenhouse-gas 
(GHG) emissions and 
freshwater ecotoxicity for the 
pharmaceutical product 
Ibuprofen, considering 
discharge in Denmark and 
India, according to the 
wastewater treatment and 
sludge disposal scenarios 
provided in the WW LCI v2 
database. 

 

 

 

 

 

  

 

 

 

 

 

 

 
Figure 3: GHG emissions (left) and freshwater ecotoxicity (right) 
results per kg ibuprofen discharged in wastewater in Denmark and 
India. Impact assessment calculations carried out in the software 
SimaPro. GHG emissions assessed with global warming potential 
(GWP) for a time horizon of 100 years. Freshwater ecotoxicity 
assessed with USEtox v1. 

4. Conclusions 
WW LCI 2.0 makes it possible to obtain a chemical-specific and comprehensive LCI of chemicals discharged 
down the drain, including not only treatment in the WWTP but also sludge disposal and degradation of 
chemicals in the environment when there is no connection to a WWTP. This is particularly important since 
emissions from direct discharges can be important. The model provides substantially different outcomes 
depending on the expected behaviour and composition of chemicals as well as on the existing level of 
treatment where they happen to be discharged.  This model takes a step forward from its predecessors, WW 
LCI v1 and SewageLCI, enabling a more realistic assessment of the impact of chemicals at their end of life, 
thus contributing to better decision making and data availability in the context of the life cycle of chemicals. 
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Table 1 could look like this 

Figure 2: Screenshot of WW LCI v2 showing part of the LCI output tab. 

Wastewater treatment  and sludge disposal scenario DK IN 

Wastewater 
treatment 
scenario 

Connection to WWTP - primary treatment 2% 0% 
Connection to WWTP - secondary treatment 3% 21% 
Connection to WWTP - tertiary treatment 84% 0% 
Connection to septic tank 11% 39% 
Direct discharge 0% 39% 

Sludge 
disposal 
scenario 

Composting 6% 0% 
Landfarming  50% 100% 
Landfilling  0% 0% 
Incineration 44% 0% 

Table 1: Wastewater treatment and sludge disposal scenario 
in Denmark and India based on WW LCI v2 database. 
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