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Membrane filtration
During membrane filtration of wastewater (a pressure driven process) nitrogen is rejected by the membrane and concentrated in the concentrate in case reverse osmosis is applied. Nitrogen is recovered in the permeate in the case ultrafiltration is applied. The permeate also contains COD [1,2].

Capacitive deionization
Capacitive deionization is an electrochemical process. By applying an electric field between two closely placed porous electrodes, ions and charged particles in water can be separated. Nitrogen is concentrated [3].

Struvite precipitation
Through addition of MgCl2 ammonium and phosphate precipitate in the form of struvite, which can be used as a fertilizer:
Mg2+ + NH4+ + PO43- + 6H2O  MgNH4PO4.6H2O
[4-6].

Air stripping
Through air ammonia is removed from the wastewater to the gas phase: the ammonia is transferred to the air stream which is led to an absorber. The adsorber contains acid (H2SO4 or HNO3) in which the ammonia dissolves and ammonium salts are formed. The pH has to be increased to shift the NH4+/NH3 equilibrium towards NH3 [7].

Steam stripping
Steam stripping uses steam instead of air to reduce chemicals consumption. A disadvantage is the higher energy use [8].

Vacuum distillation
Vacuum distillation uses the same principle as air stripping, but a vacuum is created to reduce the energy use.  N-rich wastewater is sprayed into a vacuum vessel after adjustment of the pH to pH 8-10 (via the addition of caustic) and heating to 60-70°C. As a result dissolved ammonia is stripped at increased rates from the wastewater phase and transferred to the gas phase [9].


Thermal drying of sludge with subsequent air treatment
Dewatered sludge is dried at high temperatures (100-160 oC), which releases ammonia in the air. The air is washed in an acid solution. Through acid washing ammonium is recovered [10].

Digester stripping
Ammonia is stripped from the digester simultaneously with the digestion process using nitrogen gas as the stripping gas, after which the ammonia rich gas is washed in an acid solution to recover ammonium [11].

Microwave stripping
In microwave stripping the water is heated by microwaves before it is stripped [12].

Electrodialysis
Electrodialysis is a concentration technology. In an electrical field ions are transported through membranes, resulting in a concentrated solution (containing ammonium) and a diluted solution [13].

Microbial electrolysis
Microbial electrolysis is a bio-electrochemical system, consisting of two electrodes which are often separated by an ion selective membrane, in which an electrical current is used to transport ammonium ions from the anolythe to the catholyte where they can be removed in the form of ammonia gas. In case of a Microbial Electrolysis Cell (MEC), water is reduced to hydrogen and hydroxyl ions at the cathode. The produced hydrogen gas can aid in the removal of
ammonia from the liquid phase of the cathode and thereby increase the driving force for removal of ammonium from the anode compartment [14,15].

Microbial fuel cell
Microbial fuel cell is a similar bio-electrochemical system, but in the case of a Microbial Fuel Cell (MFC) oxygen is reduced to water at the cathode and hydroxyl ions are produced. In a MFC electricity is produced [14,15].

Hydrophobic membranes
Separation of NH3 in liquids can be achieved by using hydrophobic gas permeable membranes. After conversion to free ammonia, the ammonia in gas phase is transferred through the gas-filled membrane pores. After having passed the membrane the NH3 will react readily with acid to form NH4+ as nonvolatile specie [16].

Vacuum membranes
Vacuum membrane filtration, or membrane distillation, is a combination
of membrane separation and evaporation/condensation process. A vapor pressure gradient is the
driving force for vapor molecules (NH3) to migrate from the feed to the permeate side of the membrane. At the permeate side, migrated molecules (depending on the configuration used) are either condensed or removed in vapor phase out of the membrane module [17].

Ion exchange
Ion exchangers as Clinoptilolite, a natural zeolite, and Kastel A 510, a strong base anion resin with adsoptive properties, act selectively to remove ammonium and phosphate ions from (waste)water. NaCI at sea-water concentration is used as resin regenerant. After the recovery of products of fertilizing value, as MgNH4PO4 and NH4NO3, from the eluates, the latter can be recycled [18,19].



Urine treatment
Urine contributes about 80% of the total nitrogen load in wastewater while the volume is less than 1% of the total wastewater. Separate urine collection therefore is a starting point for nutrient recovery (e.g. struvite recovery from urine), but it requires a separated urine collection system. Urine can also be used directly as a fertilizer, although transport of liquid is expensive and it contains only 10-15% of the nutrients produced in animal manure. Also pharmaceutical and estrogenic
compounds have to be separated from the salts in urine to produce a micropollutant-free nutrient solution that can be used as a fertilizer [20-22].

Sludge reuse
Wastewater treatment sludge can be applied as a P-rich biological fertilizer which contains nitrogen and organic compounds. However, heavy metals content may be too high for practical applications [23,24].
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