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Figure S1 Ion Exchange model basis - relationship between zeolite exchange capacity of natural zeolite Qe and the NH4+ initial concentration C0





































Construction Stage of WWTP Process Units
Construction Material inputs
Production of Concrete
Production of Zeolite
Operation Stage of WWTP Process Units
Production of NaCl
Atmospheric Emissions
 Organic Fertiliser for Agricultural land 
NH4+ Recovery
Avoided Chemical Fertiliser Production
Production of Pumps/ Motors/ Blowers etc.
Production of Steel
Production of Grid Electricity
Atmospheric Emissions
Energy Recovery Options
Avoided Production of Grid Electricity
Biogas Combustion
End-of-Life Stage of WWTP Process Unit
1st Order
2nd Order
3rd Order
LEGEND











Figure S2 System boundary definition of N removal and recovery routes for municipal waste water
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Figure S3 COD/N/P flows for conventional pathway (A), Anammox (B) and anaerobic route with ion exchange (C) Notes: COD=Chemical oxygen demand;  TN=total nitrogen 


Figure S4 LCA sensitivity analysis on the exchange capacity of zeolite

Sensivitity Analysis on Exchange Capacity of Zeolite
N removal by ion exchange CEC-10%	Abiotic depletion	Acidification	Eutrophication	Global warming (GWP100)	Ozone layer depletion (ODP)	Human toxicity	Fresh water aquatic ecotox.	Marine aquatic ecotoxicity	Terrestrial ecotoxicity	Photochemical oxidation	0.28575494504874499	1.067454299724524	1.1189133283567099E-3	9.8482806087207206E-2	0.20184520578887799	0.16831269520078099	0.11400798267139001	0.14043004130404499	0.164622710257293	0.24759071674015701	N removal by ion exchange CEC-20%	Abiotic depletion	Acidification	Eutrophication	Global warming (GWP100)	Ozone layer depletion (ODP)	Human toxicity	Fresh water aquatic ecotox.	Marine aquatic ecotoxicity	Terrestrial ecotoxicity	Photochemical oxidation	0.57150989009749298	2.134908599449052	2.2378266567134198E-3	0.196965612174414	0.40369041157775898	0.33662539040156197	0.22801596534278001	0.28086008260808998	0.329245420514584	0.49518143348031901	N removal by ion exchange CEC+10%	Abiotic depletion	Acidification	Eutrophication	Global warming (GWP100)	Ozone layer depletion (ODP)	Human toxicity	Fresh water aquatic ecotox.	Marine aquatic ecotoxicity	Terrestrial ecotoxicity	Photochemical oxidation	-0.28575494504874499	-1.067454299724522	-1.11891332835652E-3	-9.8482806087205402E-2	-0.20184520578887799	-0.16831269520077899	-0.11400798267139201	-0.14043004130404499	-0.164622710257291	-0.247590716740163	N removal by ion exchange CEC+20%	Abiotic depletion	Acidification	Eutrophication	Global warming (GWP100)	Ozone layer depletion (ODP)	Human toxicity	Fresh water aquatic ecotox.	Marine aquatic ecotoxicity	Terrestrial ecotoxicity	Photochemical oxidation	-0.57150989009748998	-2.134908599449044	-2.2378266567132299E-3	-0.196965612174413	-0.40369041157775898	-0.33662539040155998	-0.22801596534278201	-0.28086008260808998	-0.329245420514583	-0.49518143348032501	


image1.jpeg
Qemglg

Effect of initital concentration on exchange capacity

17

16

15

14

13

12

1

1 20 30 40 s 6 70 8 9%
€O mg/L

100




