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1. Detailed description of system alternatives

A1: Septic tank and sand filter 

Wastewater from the household is collected in a three-chamber septic tank made of fiberglass-
reinforced polyester (FRP) and pumped to a sand filter constructed below ground surface. The 
wastewater is spread using perforated distribution pipes and treated through a variety of physical, 
chemical and biochemical reactions and processes as it infiltrates. The effluent is collected at the 
bottom of the filter by drainage pipes. A conventional sand filter constructed according to the Swedish 
standard was assumed (Swedish EPA, 2003a), with a layer of filter media of 0.8 m (sand/gravel between 
0 to 8 mm in size) and a surface area of 30 m2. Both distribution and drainage pipes are embedded in 
a 0.2 m coarse gravel layer. The sludge from the septic tank is transported to the nearest WWTP for 
anaerobic treatment.

A2. Septic tank and drain field

A design similar to A1 is assumed. However, the wastewater is not collected after the buried infiltrative 
material, a layer of coarse gravel of 35 cm (Swedish EPA, 2003b), but instead continues infiltrating and 
percolating through the underlying soil. It was assumed that the properties of the soil allow infiltration 
of the wastewater. 

A3. Septic tank, sand filter and P-filter

Same design as in alternative A1 with the addition of a polishing step for phosphorus (P) removal 
(alkaline P-filter), using the filter media Polonite® after the sand filter. The water is transported from 
the outlet of the sand filter to the P-filter by gravity.  

A4. Septic tank with chemical P removal, sand filter

Wastewater from the house is collected in a three-chamber septic tank. A chemical precipitation unit 
with polyaluminum chloride is installed inside the household (e.g. under the kitchen sink) and dosed 
continuously. The flocculation and sedimentation occurs in the septic tank and therefore the tank 
volume is larger (4 m3) than in alternatives A1-3. The septic sludge is assumed to contain more P than 
in A1-3. The lifespan of the sand filter was assumed to be higher (25 years instead of 20 years as in A1-
3), because some of the suspended solids and the BOD are removed during the flocculation process 
resulting in a lower load to the sand filter (Palm et al., 2002; Weiss et al., 2008).

A5. Septic tank with P precipitation and drain field

Same design as in A4 though in this case the wastewater is not collected after the filter media, a layer 
of gravel (between 12 to 32 mm in size) of 35 cm (Swedish EPA, 2003b), but instead continues 
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infiltrating into the soil. It was assumed that the properties of the soil allow infiltration of the 
wastewater.

S1. Greywater and blackwater separation

This system is based on the separate collection of greywater (GW) and blackwater (BW). The GW was 
assumed to be collected in a septic tank followed by a sand filter. The lifespan of the sand filter was 
assumed to be higher than the conventional one (25 years instead of 20), because most of the nutrients 
and some BOD are already removed with the BW. The sludge from the GW tank is transported to a 
WWTP. The BW is collected in a holding tank which is emptied once a year. For collection, storage and 
treatment reasons it is important that the volume of the WCs’ flush is small and therefore the use of a 
low-flush toilet (about 1 L per flush) was assumed in the analysis. The collected blackwater is 
transported to a central treatment facility using urea treatment (1% urea) for hygienization.

S2. Greywater and feces, urine diversion (UD).

This system is based on the separate collection of GW, urine and feces fractions from separating toilets. 
The GW and the feces are collected together in a septic tank and subsequently conveyed to a sand 
filter. The sludge from the septic tank is transported to a WWTP. The urine is collected in a container 
and transported to a centralized facility for hygienization (six-month storage).

P1. Package plant 1

This package plant consists of one single unit buried underground to which the wastewater from the 
household is transported by gravity. The mechanical treatment occurs in the first three chambers of 
the plant, followed by two bioreactors with aerators that provide oxygen to the water. A fraction of 
the water is returned to the first chamber. The effluent infiltrates through an alkaline P-filter with 
Polonite® material placed in a bag in the center of the plant. The sludge is collected from the three 
chambers that act as septic tanks, and it is transported to the nearest WWTP for anaerobic treatment.

P2. Package plant 2

This package plant consists of one single unit buried underground were the wastewater from the 
household is transported to by gravity. The plant operates in a 2-phases semi-continuous regime. The 
main phase corresponds to a continuous process of activated sludge, and the second phase 
corresponds to the regulation of excess sludge and self-cleaning of the plant when the level of 
wastewater in the equalization tank is low. The raw wastewater is first collected in an equalization tank 
and then pumped to an aerated water-processing tank with activated sludge where primary 
settlement occurs and a chemical dosing equipment is installed. A small sand filter is used as a final 
polishing step. All the sludge is collected in a separated tank inside the unit and further collected and 
transported to the nearest WWTP.



Table S1.1 Summary of components included in each alternative.

Components Sand 
filter

Drain 
field

Sand filter 
+ P-filter

Chemical P 
removal + 
sand filter

Chemical P 
removal + 
drain field

Greywater/ 
Blackwater 
separation

Urine 
diversion

P1 (P-
filter)

P2 (chem. 
precipitation)

Abbreviation --> A1 A2 A3 A4 A5 S1 S2 P1 P2
Septic tank 2.2 m3 x x x x
Septic tank 4 m3 x x

Septic tank 1.2 m3 x
Holding tank 6 m3 x

Storage tank 3 m3 x

Sand filter (20 years lifespan) x x x
Sand filter (25 years lifespan) x x
Drain field (20 years lifespan) x x
Distribution box x x x x x x x

Inspection box x x x x x

Polonite ® bag x x

Tank for Polonite ® bag x

Pump x x x x x x x x x
Chemical dosing equipment x x
Chemicals (PIX) x x x

Urea x
Vacuum toilet x

Urine diversion toilet x
Package plant x x



2. Input data and assumptions

Table S2.1 Assumptions for the estimations of the nutrients removal for each alternative.

Alternatives P N Main sources and comments

A1. Septic tank + Sand filter 40% 30% 40±20% P and 25±10% N (Olshammar et al., 2015); 50% P and 50% N in sand filters 
(Urban Water, 2011); 10-80% P and 10-40% N in sand filters (Palm et al., 2002); 8-16% 
P removal in sand filters (Eveborn et al., 2012)

A2. Septic tank + Drain field 40% 35% 50±30% P and 30±10% N (Olshammar et al., 2015); 96% P and 40-60% N in drain fields 
(Urban Water, 2011)

A3. Septic tank + Sand filter + P-filter 
(Polonite®)

90% 30% 75±20% P in P-filters (Olshammar et al., 2015); 96.7% in column study with Polonite® 
(Gustafsson et al., 2008); 89-97% P removal in column and full scale systems with 
Polonite® (Renman and Renman, 2010); 43-99% P reduction in full-scale Polonite® 
filters (Vidal et al., 2018)

A4. Septic tank + chemical P removal + sand 
filter

90% 30% 90% P removal with chemical precipitation when it functioned (Hellström and Jonsson, 
2006); 85% P removal in septic tanks with chemical precipitation

A5. Septic tank chemical P removal + drain field 90% 35% Combination of previous assumptions

S1. Greywater to sand filter; Blackwater to urea 
treatment

90% 95% 80% P and 90% N are removed with the BW collection; around 10-20% of remaining N 
is expected to be reduced in the sand filter (Lennartsson et al., 2009) 

S2. Greywater + faeces to sand filter, urine 
diversion to storage

80% 85% A reduction of 35-50% P and 50-70% N is expected when urine is diverted (Palm et al., 
2002). Upper values were assumed. 

P1. Package plant with P-filter Polonite® 90% 40% 80±5% P and 40±5% N for package plants in general (Olshammar et al., 2015). See 
references in A3 for Polonite® filter material.

P2. Package plant with chemical precipitation 90% 40% 80±5% P and 40±5% N for package plants in general (Olshammar et al., 2015). See 
previous references for chemical precipitation of P.



Table S2.2 Environmental impacts of basic processes considered in the LCA analysis for indicators GWP and CED.

#

Basic process

Cumulative 
Energy 
Demand 
(CED)

Global 
Warming  
(GWP)

Data sources and assumptions

 MJ KgCO2Eq  
1 Excavation of 1m3 of sandy soil with 

15 kW excavator 18,3 1,3 Oekobaudat 2016 database (BMUB, 2016). Process 9.1.01 “Bagger 15kW Aushub”.
2 Transport of 1t of good over 1km by 

garbage truck (collecting route) 8,00 0,07 Adjusted from (Sonesson, 1996)
3 Transport of 1t of good over 1km by 

medium weight truck 1,0 0,07 ELCD 3.2 database. Process “Lorry transport”
4 Transport of 1t of good over 1km by 

heavy weight truck 0,7 0,05 ELCD 3.2 database. Process “Articulated lorry transport”
5 Transport of 1t of good over 1km with 

sea cargo 0,2 0,01 ELCD 3.2 database. Process “Container ship ocean”
6 Production of 1kg of gravel and sand 0,006 0,00007 Report from the IVL Swedish Environmental Institute (Stripple, 2001), pp 48.
7 Production of 1kg of macadam (12-24, 

16-32mm) 0,07 0,001
Report from the IVL Swedish Environmental Institute (Stripple, 2001), pp 46, assumed crushed aggregates 
production. Also used in VeVa (2010)

8 Production of 1 kg of material-
separating layer (macadam 4-8 mm) 0,02 0,0004 Based on Erlandsson (2010)

9 Production of 1 MJ of electricity in 
Sweden 2,1 0,02 ELCD 3.2 database. Process “Process “Electricity grid mix, consumption mix, at consumer, AC, 230V SE”

10 Production of 1 MJ of electricity in 
Poland 3,4 0,3 ELCD 3.2 database. Process “Electricity grid mix, consumption mix, at consumer, AC, 230V PL”

11 Production of 1kg of PE (HD) 77,0 1,95 ELCD 3.2 database. Process “Polyethylene high density granulate (PE-HD), production mix, at plant”.
12 Production of 1kg of PP 75,0 1,98 ELCD 3.2 database. Process “Polypropylene granulate (PP), production mix, at plant”.
13 Production of 1kg of sheet moulding 

component: glass-fiber reinforced 
polyester 41,3 1,8

Calculated from Duflou et al. (2012) for the polyester resin and ELCD 3.2 database for the glass fiber and filler 
(calcium carbonate)

14
Production of 1kg of steel 13,3 1, 6

ELCD 3.2 database. Process “Steel sections (ILCD), production mix, at plant, blast furnace route / electric arc 
furnace route, 1 kg”.

15
Production of 1kg of PVC 60,4 2,7

ELCD 3.2 database. Process “Polyvinylchloride resin (S-PVC), production mix, at plant, suspension 
polymerisation”.

16 Production of 1m2 of geotextile 2,33 0,11 (Tillman et al., 1996). Also used in VeVa (2010)
17 Production of 1kg of PAX 2,67 0,11 Calculated for PAX 215 (Almemark et al., 2003; Tidåker et al., 2007) 
18 Production of 1kg of urea 

(production+transport) 23,51 0,91
Urea assumed to be produced by YARA in Brunsbütel, Germany, and shipped to Helsinborg (325 km by cargo 
ship) as assumed in Vidal (2014). Energy consumption and CO2 emissions based on (Brentrup and Pallière, 2008) 

19 Production of 1kg of Polonite® 1,70 0,10 Calculated based on: specific heat capacity of the opoka rock assumed 0.97 kJ/kg*K (Romushkevich et al., 



(extraction + heating opoka rock) 2016); opoka rock is heated at 900 ⁰C (Brogowski and Renman, 2004) in kilns (80% efficiency assumed) fueled 
with natural gas (Sammeli, personal communication, June 2017). Energy needed (ELCD3.2) to produce 1 kg 
natural gas= 55.8MJ/kg; natural gas LHV= 44.1MJ/kg and HHV=52.21MJ/kg. Emissions calculated based on 
ELCD3.2.

20
Treatment of 1 kg of sludge in average 
WWTP 1,0 0,01

Based on energy use and emissions from Hospido et al. (2005) for thickened mixed sludge (including the 
polymer manufacture) with a dry matter content of 10 g L-1, although the sludge from septic tanks is more 
diluted and normally has lower dry matter content e.g. around 4-6% (Hedström and Hanaeus, 1999).

Table S2.3 Data and assumptions used for the calculation of the GWP of the storage of BW, urine, and sludge. 

Component name Comment Data sources and assumptions
NH3-N emissions: 5% tot-N as in Karlsson and Rodhe (2002) assuming covered storage. Same 

factor used for both BW and urine due to their similar low viscosity 
and dry matter content (Spångberg et al., 2014).
95% of NH3-N in the BW (Jönsson et al., 2005) and 100% in the urea 
(46% N), as the urea is degraded into ammonium by urease-
producing bacteria (Nordin, 2010)

N2O emissions from BW (treated 
with urea 1%) and urine storage

Indirect N2O emissions: 1 % NH3-N emitted 
to air

(IPCC, 2006)

NH3-N emissions: 10% tot-N as for semi-solid manure (Karlsson and Rodhe, 2002)N2O emissions from sludge storage
Indirect N2O emissions: 1 % NH3-N emitted 
to air

(IPCC, 2006)

Table S2.4 Summary of assumptions for the calculation of the indicators capital cost (components + man power) and operation & maintenance costs.

Capital cost Prices without 
VAT

Comments and references

Man power (1 worker + machinery) 80 €/ h

Man power (1 worker) 48 €/ h

5, 3.5 and 2 days of work (6 hours/day) assumed for installing sand filters/drain fields, 
package plants, and holding tanks, respectively. Personal communication with Mikael 
Samuelsson (Sep 2018) http://www.samuelssonmekaniska.se/kontakt.php

Tanks Septic tank 2.2 m3
1384 € For mixed wastewater or greywater + feces. https://www.avloppscenter.se/vara-

produkter/slamavskiljare/1-hushall/baga-slamavskiljare-2-2-m3.html



Septic tank 4 m3
2160 € For mixed wastewater and chemical removal of P. 

https://www.avloppscenter.se/vara-produkter/slamavskiljare/1-hushall/baga-slamavskiljare-2-hushall.html
Septic tank 1.2 m3

920 € For greywater. https://www.avloppscenter.se/vara-produkter/slamavskiljare/slamavskiljare-bdt/baga-
slamavskiljare-bdt-med-integrerad-pumpbrunn.html

Holding tank 6 m3
2064 € For blackwater. https://www.avloppscenter.se/vara-produkter/slutna-tankar/900-storre/under-jord/vpi-

6-m3-sluten-tank.html
Storage tank 3m3

1080 € For urine. https://www.avloppscenter.se/vara-produkter/slutna-tankar/900-storre/under-jord/cipax-
sluten-tank-3000-l-lagbyggd.html

Distribution box 536 € Based on https://www.avloppscenter.se/vara-produkter/pumpbrunnar/brunnar-utan-pumppaket/aq-
pumpbrunn-600mm-diam-600-2450mm-hog-utan-pump.html

Inspection box 240 € Based on https://www.avloppscenter.se/sv/vara-produkter/infiltrationmarkbadd-med-wc/losa-delar-ror-
mm/uppsamlings-och-provtagningsbrunnen.html

Pump 792 € Based on https://www.avloppscenter.se/vara-produkter/avloppspumpar/pumpar-for-enklare-smutsat-
vatten-bdt/baga-pumppaket-for-slamavskiljare-250.html

Equipment for sand filter 320 €
Includes distribution, collection and ventilation pipes Assumed based on 
https://www.avloppscenter.se/vara-produkter/infiltrationmarkbadd-med-wc/markbadd-for-bdt-
wc/markbaddspaket-att-kompletera-infiltrationspaketet-32m2.html

Equipment for drain 
field

Basic package 
120 €

Includes distribution and ventilation pipes. https://www.avloppscenter.se/vara-produkter/bdt-
och-gravattensystem-utan-wckl/infiltration-bdt/infiltrationspaket-20m2-2-strangar.html

Soil test 750 € To check the suitability of the soil for infiltration. Assumed based on 
https://infiltrationsanlaggning.com/vad-kostar-infiltrationsanlaggning/

Sand and gravel 12 € /ton Assumed based on http://www.nybrogrus.se/produkter-priser/produktprislista/

Polonite® bag 600 € https://www.avloppscenter.se/vara-produkter/fosforfalla/kemi-och-fosformassa/fosformassa-
polonite/polonite-fosforbindande-material-500kg.htmlFilter for P removal Tank for filter 1320 € https://www.avloppscenter.se/vara-produkter/fosforfalla/paket/altech-fosforfalla-2-5m-500kg-
polonite.html

Dosing equipment 776 € https://www.avloppscenter.se/vara-produkter/fosforfalla/losa-delar/uponor-fosforfalla-clean-easy-pump-
1.html

Components for 
chemical P removal 

Chemicals 180 € 50 L/year based on information from distributors. https://www.avloppscenter.se/vara-
produkter/kemi/pax-aluminiumklorid/flockningsmedel-ekotreat-100l-4x25l.html

Package plant P1 5832 € Personal communication Karl-Gustav Niska (Feb 2018) http://www.ecot.se

Package plant P2 6150 € https://www.avloppscenter.se/vara-produkter/reningsverk/reningsverk-ett-hushall/topas-8-1-hushall.html

Toilets (only the 
difference in cost with 

Standard 345 € Assumed average price based on 
https://www.avloppscenter.se/en/our-products/toilets-wc/standard-wc/

https://www.avloppscenter.se/vara-produkter/fosforfalla/losa-delar/uponor-fosforfalla-clean-easy-pump-1.html
https://www.avloppscenter.se/vara-produkter/fosforfalla/losa-delar/uponor-fosforfalla-clean-easy-pump-1.html
https://www.avloppscenter.se/en/our-products/toilets-wc/standard-wc/


Vacuum 1750 € Assumed based on https://www.avloppscenter.se/en/our-products/toilets-wc/low-flush-wc/eco-flush-
the-ultra-low-flush-toilet.html

respect to standard 
toilets was included in 
the calculations) Urine diversion 456 € Assumed based on https://www.avloppscenter.se/en/our-products/toilets-wc/urine-separating-wc/eco-

flush-the-ultra-low-flush-toilet.html
Operation & Maintenance cost
Electricity cost 0.078 €/ kWh Electricity network + supplier. https://www.vattenfall.se/elavtal/elpriser/rorligt-elpris/

Annual sampling of effluent 76 € By an external accredited company, for BOD7, Tot-P, Tot-N, E.coli and pH. 
https://www.vattenprovtagning.se/analys/kontrollpaket-enskilt-avlopp

Service 
agreements

176 €/year
Includes one visit per year, change of wear parts and effluent sampling (pH and P 
concentrations). Personal communication with Karl-Gustav (Feb 2018) http://www.ecot.se

Package plant 1

Operation and 
maintenance

240 €/year
Change of Polonite® every third year and electricity are included. 
http://vaguiden.se/marknadsoversikt-2016/

Service 
agreements

240 €/year
Includes one visit per year, change of wear parts and sludge and effluent sampling (pH 
and P concentrations). http://vaguiden.se/marknadsoversikt-2016/

Package plant 2

Operation and 
maintenance

120 €/year
Electricity, chemicals and consumables included. http://vaguiden.se/marknadsoversikt-2016/

< 3 m3 87 €
3.1 – 6 m3 121 €

Emptying 
septic/holding tank

6 – 9 m3 170 €

Prices can vary between 60 – 170 € http://husagare.avloppsguiden.se/sluten-tank-och-
kompaktfilter-f%C3%B6r-bdt-.html Assumed values taken from Bollnäs municipality for 
extractions with hoses up to 10 meters long http://www.bollnas.se/index.php/slamtoemningstaxa

The capital cost was calculated based on the present value (PV) of the different components, materials and services needed for the installation of the OSS, 
multiplied by the annuity, which was accounted based on the following formula (Brealey et al., 2012):

r (1-(1+r)-n)-1

Where r = interest rate (assumed 4%) and n = amortization time (years) of each component

Table S2.5 Assumptions for the assessment of the qualitative indicator social acceptance

Alternatives Social acceptance Notes and references
A1. Septic tank + Sand filter Very high It is one of the most common systems in Sweden (Olshammar et al., 2015), it does not require 

much effort to operate and maintain it 
A2. Septic tank + Drain field Very high It is one of the most common systems in Sweden (Olshammar et al., 2015), it does not require 

much effort to operate and maintain it 

https://www.avloppscenter.se/en/our-products/toilets-wc/low-flush-wc/eco-flush-the-ultra-low-flush-toilet.html
https://www.avloppscenter.se/en/our-products/toilets-wc/low-flush-wc/eco-flush-the-ultra-low-flush-toilet.html
http://husagare.avloppsguiden.se/sluten-tank-och-kompaktfilter-f%C3%B6r-bdt-.html
http://husagare.avloppsguiden.se/sluten-tank-och-kompaktfilter-f%C3%B6r-bdt-.html


A3. Septic tank + Sand filter + P-
filter (Polonite®)

High The P-filter needs to be changed every 2-4 years (3 years assumed).

A4. Septic tank + P precipitation 
+ sand filter

Medium The dosing equipment for the precipitation of P is placed inside the house, normally under the 
sink. Re-filling of the chemical must be done regularly, and it has been reported in the literature 
that often house owners forget to check it up and refill it (Hellström and Jonsson, 2006).

A5. Septic tank + P precipitation 
+ drain field

Medium The dosing equipment for the precipitation of P is placed inside the house, normally under the 
sink. Re-filling of the chemical must be done regularly, and it has been reported in the literature 
that often house owners forget to check it up and refill it (Hellström and Jonsson, 2006).

S1. Greywater to sand filter; 
Blackwater to urea treatment

High The only inconvenience for the house owners is the fact that they have to empty two tanks, the 
septic tank with GW and the holding tank with BW, instead of only one. But the emptying can be 
done at the same time, e.g. once a year. This system has generally been more socially accepted 
than urine-diversion (McConville et al., 2017).

S2. Greywater + faeces to sand 
filter, urine diversion to storage

Low For the diverting toilet to function properly, individual acceptance and knowledge is required. 
The diverting toilet could involve more frequent cleaning and maintenance and problems with 
odors and blockages may arise (Larsen et al., 2009). Moreover, it could be less convenient for 
visitors or guests. 

P1. Package plant with P-filter 
Polonite®

High It does not have the highest social acceptance because it requires more monitoring than the soil-
based systems, as it contains many different components. The risks related to equipment failure 
(e.g. aeration, sensors, etc.) are higher and will require more attention from the owner (e.g. call 
the technicians to come).

P2. Package plant with chemical 
precipitation

High It does not have the highest social acceptance because it requires more monitoring than the soil-
based systems, as it contains many different components. The risks related to equipment failure 
(e.g. aeration, sensors, etc.) are higher and will require more attention from the owner (e.g. call 
the technicians to come).



Table S2.6 Assumptions for the assessment of the qualitative indicator robustness. Definition of robustness was based on previous descriptions from Spiller 
et al. (2015).

Alternatives Robustness Notes and references
A1. Septic tank + Sand filter High These systems work well if they are correctly designed and loaded, but they often lack good 

design and construction from the start, which influences their initial and long term 
performance (Palm et al., 2002; Vidal et al., 2018). The P-removal decreases with time as the 
sand gest exhausted (Wilson et al., 2011).

A2. Septic tank + Drain field High These systems work well if they are correctly designed and loaded, but they often lack good 
design and construction from the start, which influences their initial and long term 
performance (Palm et al., 2002; Vidal et al., 2018). The P-removal decreases with time as the 
sand gest exhausted (Wilson et al., 2011).

A3. Septic tank + Sand filter + P-filter 
(Polonite®)

Medium If the preceding sand filter is clogged It will affect the subsequent P-filter by clogging it. 
However, The P-adsorbing compounds are part of the filter media in contrast to the chemical 
precipitation options where it needs to be added (Jenssen et al., 2010).

A4. Septic tank + P precipitation + sand 
filter

Medium The dosing equipment often presents problems e.g., precipitants are not refilled and hinders 
the P removal, hence frequent monitoring is necessary for it to be reliable (Hellström and 
Jonsson, 2003). If the correct dose of the coagulants and the pH are not sufficient at all times, 
the high removal of P will not be consistent (Jenssen et al., 2010), and the performance could 
be unstable.

A5. Septic tank + P precipitation + drain 
field

Medium The dosing equipment often presents problems (e.g., precipitants are not refilled) and hinders 
the P removal, hence frequent monitoring is necessary for it to be reliable (Hellström and 
Jonsson, 2003)

S1. Greywater to sand filter; Blackwater 
to urea treatment

Medium The low flush toilets might cause problems (e.g., clogging) as compared to normal toilets

S2. Greywater + faeces to sand filter, 
urine diversion to storage

Low The urine diverting toilet might cause problems (e.g. clogging, odors)

P1. Package plant with P-filter Polonite® Low The P-adsorbing compounds are part of the filter media in contrast to the chemical 
precipitation options where it needs to be added (Jenssen et al., 2010).

P2. Package plant with chemical 
precipitation

Low The dosing equipment often presents problems (e.g., precipitants are not refilled) and hinders 
the P removal, hence frequent monitoring is necessary for it to be reliable (Hellström and 



Jonsson, 2003). If the correct dose of the coagulants and the pH are not sufficient at all times, 
the high removal of P will not be consistent (Jenssen et al., 2010), hence the performance could 
be unstable.

Table S2.7 Assumptions for the assessment of the qualitative indicator risk of pathogen discharge. Estimations based on the number of barriers present in 
each system alternative and considering previous research on pathogens removal in sand filters (Herrmann et al., 2017; Kauppinen et al., 2014), P-filters 
(Herrmann et al., 2017; Jenssen et al., 2010; Nilsson et al., 2013), source separation systems (Larsen and Maurer, 2011; Palm et al., 2002) and package 
plants.

Alternatives
Risk of 
pathogen 
discharge

Notes and references

A1. Septic tank + Sand filter Medium 1 barrier (sand filter) (Herrmann et al., 2017; Kauppinen et al., 2014) reported great variability in the 
quality of the effluent of the sand filters investigated. 

A2. Septic tank + Drain field High 1 barrier (soil) but the treated water infiltrates directly into the groundwater, which increases the risk 
of affecting it negatively as it is often the local source of drinking water (Palm et al., 2002).

A3. Septic tank + Sand filter + P-
filter (Polonite)

Low 2 barriers: the sand filter and P-filter; (Jenssen et al., 2010) reported good results in saturated filter 
beds with Filtralite®P, a light-weight expanded clay aggregate with high P sorption capacity. (Nilsson et 
al., 2013) reported high reduction rate of Enterococci and E.coli, although it decreased with time. The 
bacteria reduction in Polonite® could be attributed to the high pH, ”followed by straining in smaller 
pores created by clogging”.

A4. Septic tank + P precipitation 
+ sand filter

Low By removing particulate matter with the chemical precipitation the pathogen removal also increases as 
they are often associated to particles (Jiménez et al., 2009).

A5. Septic tank + P precipitation 
+ drain field

Medium 1 barrier (soil) but the treated water infiltrates directly into the groundwater, which increases the risk 
of affecting it negatively as it is often the local source of drinking water (Palm et al., 2002). By removing 
particulate matter with the chemical precipitation the pathogen removal also increases as they are 
often associated to particles (Jiménez et al., 2009).

S1. Greywater to sand filter; 
Blackwater to urea treatment

Very low The only discharge of wastewater is from GW, which does contain pathogens (Larsen and Maurer, 
2011); however most of the pathogen load is contained in the BW which is collected and taken for 
centralized sanitation somewhere else.

S2. Greywater + faeces to sand Medium 1 barrier (sand filter) as in A1. Most of the pathogens are contained in the feces as the urine is 



filter, urine diversion to storage considered almost sterile
P1. Package plant with P-filter 
Polonite ®

Low 2 barriers, the biological step (with aeration) and the P-filter

P2. Package plant with chemical 
precipitation

Low 1 barrier, the biological step (with aeration) but also the P-precipitation



3. Summary of input data for the assignation of weights

Table S3.1 Weights given by the different members of the reference group for each indicator and arithmetic mean for each indicator (normalized weight).

Indicators
Members of the reference group

Normalized 
weight

A B C D E F W
Robustness 75 85 100 80 100 90 15.5
Risk of pathogen 
discharge 100 100 70 50 100 100 15.5

Nutrients removal (N 
and P) 65 85 90 50 70 80 12.9

Capital cost 30 40 90 100 80 55 11.4
O & M cost 35 40 90 80 80 60 11.1
Potential for nutrients 
recycling 55 60 50 40 80 75 10.6

Social Acceptance 50 80 60 80 30 50 10.4
Cumulative energy 
demand 20 30 70 25 10 40 5.5

Global Warming 
Potential 25 20 70 10 30 20 4.9

Energy recovery 10 10 30 10 10 10 2.2
Total weights 100



Figure S3.1 Representation of Simos cards method for the assignation of weights for each scenario (1, 2 and 3). The empty white boxes represent blank 
cards as described in the methodology (Figueira and Roy, 2002; Simos, 1990). The original weights of Scenario 0, the baseline scenario, were given by the 
stakeholders but were also transformed with the Simos card method for further definition of the scenarios.

Scenario 0          Scenario 1 Scenario 2 Scenario 3

Robustness Risk of pathogens 
discharge

Removal of 
nutrients

Capital cost

Operation and 
Maintenance cost

Social acceptance

Potential for nutrients 
recycling

CED

GWP

Energy recovery

Robustness Risk of pathogens 
discharge

Removal of 
nutrients

Capital cost

Operation and 
Maintenance cost

Social acceptance

Potential for nutrients 
recycling

CED

GWP

Energy recovery

Robustness Risk of pathogens 
discharge

Removal of 
nutrients

Capital cost

Operation and 
Maintenance cost

Social acceptance

Potential for nutrients 
recycling

CED

GWP

Energy recovery

Robustness Risk of pathogens 
discharge

Removal of 
nutrients

Capital cost

Operation and 
Maintenance cost

Social acceptance

Potential for nutrients 
recycling

CEDGWP Energy recovery
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