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Characteristics

• Elemental 
composition of 
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Characteristics

• Elemental 
composition of 
TORWASH®  
liquid effluent
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Characteristics

• Organic 
compounds in 
TORWASH®  
liquid effluent
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Characteristics

• Post-digested 
liquid effluent
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NPK mass flows
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(A) Recycling liquid effluent as nutrient-rich medium in wastewater treatment

(B) Recovery of P and part of N (as ammonium) in the form of a ready-to-use fertilizer

(C) Recycling post-digested effluent as nutrient-rich medium in wastewater treatment

Potential of nutrient recovery from paper sludge
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(B) Potential of nutrient recovery from paper sludge
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(B) Potential of nutrient recovery from paper sludge 
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(B) Potential of nutrient recovery from paper sludge

V = 8 L V = 5 L
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Phosphate solubility test
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Phosphate solubility test
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Phosphate solubility test

• Total P recovery in miniplant: 38%

• Design of extraction unit needs to be optimized:

• Mixing conditons

• Improved wetting and resuspension of dry filter press cakes during acid leaching
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Potential of nutrient recovery for feedstocks with low P content
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Potential of nutrient recovery for feedstocks with low P content
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Potential of nutrient recovery for feedstocks with low P content

SI Analytics, TitroLine 7000Mg-source;

NH4-N source

(if needed)

Olive pomace (1) 

Precipitate from liquid fraction 
separated in the dewatering step

Orange peels (2) 

Filter press 
effluent

Operating parameters 1 2

Adding Mg-source yes no

Adding NH4-N-source yes no

Initial NH4-N:Mg:P mol/mol/mol 1.8 : 1.6 : 1 1.4 : 1.9 : 1

Reaction time min 60 60

pH - 9.0 9.0

Performances

Precipitation yield g/L 0.5 0.5

P recovery form the solution % 50 60

NH4-N recovery from the solution % 13 15
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Potential of nutrient recovery for feedstocks with low P content

SI Analytics, TitroLine 7000Mg-source;
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Conclusion

• Feedstocks provide specific NPK contents, mobilities, availabilities

 different approaches for recovery 

• Paper sludge

• Highest nutrient content most suitable feedstock for struvite recovery

• Highest heavy metal content

• P recovery: 78% (lab-scale) and 38% (miniplant) of initial P from biomass
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Conclusion

• Paper sludge

• Limited knowledge for direct integration of nutrient recovery to the WWT process 

• Production of a struvite based mineral fertilizer is expected to be feasible

• Lessons learned for acid leaching (up-scaled):

• Reduction of acid consumption

• Avoiding of impurities (e.g. by chemical complexation)

• Improved resuspension of Torwash® press cake 

• Possible integration with the filtration step itself
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Conclusion

• Torwash® process provided good separation of nutrients from orange 
peels and olive pomace to the effluent

 Immediate struvite precipitation is an option

• P recovery 50% (olive pomace) and 60% (orange peels) from the 
solution

• Low Struvite yields and purity  Impact on marketability and economic 
performance 

• High organic content of effluents is interesting for anaerobic co-digestion with 
direct use of digestate as organic fertilizer
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Outlook

• Paper sludge

• Further development of the up-scaled process

• Fertilizing tests (lab & field)

• Assessment of feasibility, cost effectiveness and additional benefits (especially for 
direct nutrient recovery to the WWT process)

• Olive pomace and orange peels

• Study direct usage of co-digested effluent as organic fertilizer

• Fertilizer regulations and good industrial practice need to be addressed

• Analysis of hydrocarbon species profile to estimate ecotoxicology towards soil bacteria and 
terrestrial plants to establish their potential use as fertilizer
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