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Planetary boundaries

Stockholm Resilience Center



The Status Quo: Nutrient cycle

N2 gas



The Status Quo: Sanitation, Wastewater 
Treatment, & micropollutants

UN Habitat and WHO, 2021. Progress on wastewater treatment – Global status and acceleration needs for SDG indicator 6.3.1. United Nations Human Settlements Programme (UN-Habitat) and World 
Health Organization (WHO), Geneva.

GLOBAL WASTEWATER
44% of domestic 

wastewater is not 
adequately treated

OPEN DEFECATION
419 million people 

defecate in the open

BASIC SANITATION
1.5 billion people 
don’t have access

WASTEWATER REUSE
RSA is expected to 

face 17% water 
deficit by 2030

MICROPOLLUTANTS
Only 30% of 

micropollutants are 
removed in WWT



Research focus areas

•Resource Recovery from Wastewater — recovering nutrients (N, P, K) and water for 

reuse, including treated wastewater in concrete production 

•Non-Sewered Sanitation — treatment technologies for decentralised and off-grid 

contexts, including urine-diverting systems

•Micropollutant Removal — targeted removal of pharmaceuticals, pesticides, and 

industrial contaminants from wastewater using ion exchange, hydrodynamic cavitation, 

Fenton oxidation, heat-activated peroxydisulfate, and GAC 

Non-sewered sanitation
Treatment technologies 

for decentralised and off-

grid contexts, including 
urine-diverting systems

Resource recovery
Recovering nutrients (N, 
P, K) and water for reuse

Micropollutant removal
Targeted removal of 

pharmaceuticals, pesticides, 

and industrial contaminants 
from wastewater



Urine Diversion and Collection Systems



Resource Recovery Options

Liquid Fertilizers Solid Fertilizers

Urine recycling 
companies around 

the world

Ammonium 
nitrate

Concentrated 
liquid urea

Calcium 
Phosphate

Struvite (NH4MgPO4·6H2O)

100% dehydrated urine



Micropollutant removal

Lehninger Principles of Biochmesitry Fifth Edition, © 2008 W.H. Freeman and Company

Ion Exchange Hydrodynamic
Cavitation
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