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Sustainable sanitation access has proven elusive over the past several decades due to rapid 

population growth in developing countries, an emphasis on centralized excreta treatment, and a 

lack of market incentives. With only 10% of sub-Saharan Africans connected to sewer systems 

and less than 50% expected by 2050,2,3 universal coverage with conventional sewers and 

centralized wastewater treatment may be an unrealistic proximate goal. Separate collection of 

urine and feces and decentralized treatment can potentially reach more clients at lower energy 

and cost than conventional waterborne sewers and treatment plants. We conducted a technical 

validation and preliminary economic modeling to evaluate ion exchange columns, one technical 

option for recovering nitrogen from urine in Nairobi, Kenya. This technology could be combined 

with phosphorus recovery and a disinfection step to allow local discharge of the treated urine. By 

producing ammonium sulfate fertilizer from urine, we demonstrate that toilets can be revenue-

generating collection centers for raw materials rather than poorly maintained capital 

expenditures. 

  

  

Our objectives were to: (i) demonstrate proof-of-concept and measurement methods in the field, 

(ii) evaluate the implications of urine composition, process indicators, and scalability for urine 

collection and treatment, and (iii) compare the cost of nitrogen recovery via ion exchange to 

current excreta management and fertilizer production practices in the study region. 

Ion exchange performance, as measured by adsorption density (4.02-4.21 mmol N/g resin) and 

regeneration efficiency (>90%) of the adsorbent, was consistent over ten adsorption-regeneration 

cycles and with columns ten times larger than lab-scale (65 L/d vs. 6.5 L/d). Effluent absorbance 

and electrical conductivity were identified as indicators of urine and ammonia breakthrough, 

respectively; both parameters are lower cost and easier to measure on-line than ammonium 

concentrations. Urine storage containers should be closed to avoid changes in urine composition, 

including loss of ammonia (and thus potential revenue). Treatment of urine by ion exchange is 

40% less expensive than disposal without treatment and urine-derived ammonium sulfate was 

produced well below market costs of commercial fertilizers. Future work includes evaluation and 

optimization of ion exchange for additional scales, geographical settings, and sanitation service 

provision schemes. 


