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Abstract: This work aims to assess by Life Cycle Assessment (LCA) the transition towards Water 

Resources Recovery Facility of sanitation system considering the benefits of source separation systems 

and advanced technologies in treatment plant. Considering urban district, urine diversion with 

centralised treatment, blackwater decentralised treatment and greywater management are compared.  
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Introduction 

Nowadays wastewater treatment plant (WWTP) is intended to become WRRF (Water 

Resources Recovery Facility) where not only preservation on environment is performed 

but also production of resources (Guest et al., 2009) as: water, carbon, phosphorus and 

nitrogen recovery. In parallel of WWTP improvements, several studies sought for a 

paradigm shift in sanitation where wastewater can be separated at source. Indeed a large 

part of pollutants in wastewater comes from human excreta, especially nutrients from 

urine (Larsen and Gujer, 1996) which led to urine separation projects (Larsen et al., 

2013) and blackwater (water from toilets) separation (Skambraks et al., 2017). Several 

studies attempted to evaluate these solutions by modelling and compare them to 

conventional sanitation (Wilsenach and van Loosdrecht, 2006). However such 

simulations have not been compared to the most advanced solution on WRRF, which 

will be implemented on the long time horizon of source separation. Moreover none 

takes into account the urbanism of the installed district. To fulfil this lack, a modelling 

tool (named MUSES) has been developed for modelling the whole sanitation system 

(production, transport, treatment). Geographical information system, energy balance 

and LCA help to compare the technical choices for guiding stakeholders and designers. 

This study aims to determine the limitation of the water resource recovery approach on 

WWTP for estimating how source separation (blackwater, urine, greywater 

management) helps to achieve this goal.  

Material and Methods 

The modelling approach is presented in Figure 1. Modelling of the district is performed 

with MUSES tools (Besson et al., 2017) which aimed to design sanitation at district 

scale taking into account the urbanism typology (especially density). The WRRF is 

simulated with SUMO software and LCA is performed with UMBERTO.  

Four different scenario are compared (see Figure 2) : i) an advanced solution for WRRF 

(Reference), ii) urine source separation (Urine), iii) blackwater/greywater separation 

and decentralised treatment (BW/GW), iv) decentralised treatment of blackwater and 

greywater to WRRF (BW/GW- WRRF). The study is conducted for a new district in a 

city which has a WRRF already treating 57 450 PE with 12 900m3/d. The urbanism 

type of the district is discontinuous blocks (Bonhomme et al., 2012) and has a surface 

of 6.25 ha and is composed majority with collective building and housing building. 
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1390 inhabitants live in the district and 469 employees work there and all together 

represents 792 PE.  

The advanced WRRF (Figure 2) is based on biological removal of phosphorus coupled 

to digestion of sludge and struvite precipitation in the digested sludge. Nitrogen will be 

recovered thanks to a transmembrane chimio-sorption (TMCS) also known as ammonia 

stripping through hydrophobic membrane (industrial pilot in the WWTP of Altenrhein 

and Yverdon-les-Bains (Böhler et al., 2018)).  

The scope of the LCA study covers collection and treatment of wastewater 

(foreground processes) but also production and transport of chemicals and electricity 

(background processes). Avoided processes are also taken into account as fertiliser 

production and tap water production avoided thanks to less flush water and reuse of 

greywater. The methodology follows the work of (Bisinella de Faria et al., 2015) with 

the adjunction of collection transport. Moreover in order to take into account only the 

impact of the new district, the impact of district without city will be subtracted from the 

impact of city with district. Functional unit is 1PE considering the EU normalized 

definition: 1PE = 60gDBO5/d. The midpoint impact assessment method from ReCiPe 

H has been chosen, only climate change results will be presented here. 

Results and Discussion  

From Table 1, it can be concluded that the nitrogen is the less recovered compound in 

WRRF due to its limited capture in the sludge. Nitrogen concentration is too low in the 

wastewater to be extracted. Therefore, source separation is the best option to currently 

increase nitrogen recovery rate up to 62%. Similar phosphorus recovery rate (around 

50%) are obtained in the three scenarios of source separation thanks to biological 

removal of phosphorus in the water line of WRRF. Finally there is a slight increase in 

carbon recovery with the last scenario where blackwater is directly digested.  

From Figure 3, it can be concluded that Reference scenario has the largest climate 

change impact and the three other scenario have comparable impacts. The main 

contributions for Reference scenario are the WRRF infrastructure, production of iron 

chloride and direct emissions (N2O, methane, CO2 into air and water emissions…).  

Thanks to the substitution of nitrogen fertilizer the three other scenario present an 

improved balance of climate change impact. For decentralised blackwater and 

greywater treatment (BW/GW) the emissions linked to energy consumption represent 

44% of the impact, increasing the emissions compared to Reference scenario. They are 

not completely balanced by fertiliser avoided and reuse of greywater for non-potable 

use. Moreover all greywater are assumed to be reused, replacing tap water, but flush 

water will only represents 7% of the available greywater. To achieve this water 

recovery level, new uses need to be found as green area irrigation, road cleaning...  

Conclusions 

This study aims to compare several options to enhance resources recovery from 

wastewater at the WRRF with or without coupling it with source separation systems. It 

has been shown that nitrogen recovery is the main beneficial aspect regarding LCA 

results; however, nitrogen recovery is very limited in WRRF (around 15%). Source 

separation of urine or blackwater can solve this limitation. Both scenarios can achieve 

the same range of nutrient recovery. However high tech treatment for water reuse, with 

high energy consumption, can only be installed if it couples high recovery rate of water 

and nitrogen.
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Figure 1 Modelling approach of MUSES tool 
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Figure 2 Presentation of the four scenario and the WRRF 

Table 1 Recovery rates for each scenario and each compound 

Recovery rate Reference scenario Urine scenario 
Blackwater 

scenario 

Nitrogen 8.7% 62% 62% 

Phosphorus 29.4% 53% 53% 

COD 29% 27% 39% 

Figure 3 Comparison of the four scenarios on climate change impact (ReCiPe Midpoint H)  


