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WHAT IS CLAIMED IS: 

1.  A method for recovering ammonia, monovalent salts or both from separated 

anaerobic digestate comprising ammonium ions, other cations, and anions using an 

electrodialysis stack comprising: 

an anode; 

a cathode; 

one or more monovalent-selective cation exchange membranes; and 

one or more anion exchange membranes; 

wherein the monovalent-selective cation exchange membranes and the anion 

exchange membranes are disposed in an alternating arrangement between the anode and the 

cathode, such that a plurality of cell compartments are defined in the stack, the cell 

compartments comprising: a cathode cell compartment defined between the cathode and an 

anion exchange membrane; an anode cell compartment defined between the anode and a 

monovalent-selective cation exchange membrane; a plurality of diluate cell compartments, 

each defined between a monovalent-selective cation exchange membrane and its adjacent 

anion exchange membrane; and a plurality of concentrate cell compartments, each defined 

between an anion exchange membrane and its adjacent monovalent-selective cation exchange 

membrane;  

the method comprising: 

(a) feeding a separated anaerobic digestate influent into the diluate cell 

compartments, wherein monovalent cations selectively pass through the cation exchange 

membranes into the concentrate cell compartments to provide a concentrate stream that is 

concentrated in ammonium ions and other monovalent cations, and multivalent cations are 

selectively retained in the diluate cell compartments to provide a diluate stream; 

 (b) passing the diluate stream out of the electrodialysis stack as a diluate effluent, 

such that precipitation of salts of the multivalent cations in the electrodialysis stack is 

avoided; 

(c) recycling the concentrate stream back into the concentrate cell compartments 

to further increase the concentration of ammonium ions and other monovalent cations in the 

concentrate effluent;   

(d) passing the concentrate stream out of the electrodialysis stack as a concentrate 

effluent; and  
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(e) recovering one or more salts of the monovalent cations from the concentrate 

effluent. 

2. The method of claim 1, further comprising recovering ammonia from the 

concentrate effluent. 

3. The method of claim 1, wherein the one or more anion exchange membranes 

are monovalent-selective anion exchange membranes, such that the concentrate stream is 

concentrated in monovalent cations and monovalent anions.   

4. The method of claim 1, further comprising feeding a portion of the concentrate 

stream into the cathode cell compartment, wherein ammonium ions react with hydroxide 

produced at the cathode to form ammonia in the cathode stream, and recovering the ammonia 

from the cathode stream. 

5. The method of claim 4, further comprising adding a base to the cathode 

stream. 

6. The method of claim 1, wherein the separated anaerobic digestate influent 

comprises potassium ions, sodium ions, chloride ions, bicarbonate ions, calcium ions, 

magnesium ions, and sulfate ions.   

7. The method of claim 1, wherein the separated anaerobic digestate influent and 

the concentrate effluent comprise potassium ions, the method further comprising recovering 

the potassium ions from the concentrate effluent. 

8. The method of claim 1, wherein the separated anaerobic digestate influent and 

the concentrate effluent comprise phosphate ions, the method further comprising recovering 

the phosphate ions from the concentrate effluent.   

9. The method of claim 1, wherein the separated anaerobic digestate influent and 

the concentrate effluent comprise ammonium and bicarbonate ions and the method further 

comprises recovering ammonium bicarbonate from the concentrate effluent. 

10. The method of claim 9, wherein recovering ammonium bicarbonate comprises 

cooling the concentrate effluent to produce solid ammonium bicarbonate precipitates. 

11. The method of claim 9, wherein recovering ammonium bicarbonate comprises 

distilling the concentrate effluent to volatilize ammonium bicarbonate, capturing the 

volatilized ammonium bicarbonate and condensing the captured ammonium bicarbonate. 
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12. The method of claim 1, further comprising: recovering ammonium salts and 

ammonia from the concentrate effluent; subsequently recycling the concentrate effluent back 

into the concentrate cell compartments; and subsequently recovering ions from the 

concentrate effluent. 

13. The method of claim 12, wherein the recovered ions comprise potassium ions 

and phosphate ions. 

14. The method of claim 1, wherein the separated anaerobic digestate influent 

comprises a digestate from a municipal anaerobic biodigester. 

15. The method of claim 1, wherein the separated anaerobic digestate influent 

comprises anaerobic digestate from a manure lagoon. 

16. A system for recovering ammonia from anaerobic digestate comprising 

ammonium ions, other cations, and anions, the system comprising: 

(a) an electrodialysis stack comprising: 

an anode; 

a cathode; 

one or more monovalent-selective cation exchange membranes; and 

one or more anion exchange membranes; 

wherein the monovalent-selective cation exchange membranes and the anion 

exchange membranes are disposed in an alternating arrangement between the anode 

and the cathode, such that a plurality of cell compartments are defined in the stack, 

the cell compartments comprising: a cathode cell compartment defined between the 

cathode and an anion exchange membrane; an anode cell compartment defined 

between the anode and a monovalent-selective cation exchange membrane; a plurality 

of diluate cell compartments, each defined between a monovalent-selective cation 

exchange membrane and its adjacent anion exchange membrane; and a plurality of 

concentrate cell compartments, each defined between an anion exchange membrane 

and its adjacent monovalent-selective cation exchange membrane; 

(b) an anaerobic digestate source configured to feed a separated anaerobic 

digestate influent into the diluate cell compartments; and 

(c) an ammonia separator configured to accept an effluent from the cathode cell 

compartment and to separate ammonia from the effluent. 
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17. The system of claim 16, wherein the ammonia separator comprises an 

ammonia stripping column. 

18. The system of claim 16, wherein the one or more anion exchange membranes 

comprise monovalent-selective anion exchange membranes. 

19. The system of claim 16, wherein the one or more anion exchange membranes 

comprise non-valent-selective anion exchange membranes. 

20.  A method for recovering cation salts, monovalent anion salts or both from 

separated anaerobic digestate comprising cations, bicarbonate anions, other monovalent 

anions, and multivalent anions using an electrodialysis stack comprising: 

an anode; 

a cathode; 

one or more monovalent-selective anion exchange membranes; and 

one or more cation exchange membranes; 

wherein the monovalent-selective anion exchange membranes and the cation 

exchange membranes are disposed in an alternating arrangement between the anode and the 

cathode, such that a plurality of cell compartments are defined in the stack, the cell 

compartments comprising: a cathode cell compartment defined between the cathode and a 

monovalent-selective anion exchange membrane; an anode cell compartment defined 

between the anode and a cation exchange membrane; a plurality of diluate cell compartments, 

each defined between a monovalent-selective anion exchange membrane and its adjacent 

cation exchange membrane; and a plurality of concentrate cell compartments, each defined 

between an cation exchange membrane and its adjacent monovalent-selective anion exchange 

membrane;  

the method comprising: 

(a) feeding a separated anaerobic digestate influent into the diluate cell 

compartments, wherein bicarbonate ions and other monovalent anions selectively pass 

through the monovalent-selective anion exchange membranes into the concentrate cell 

compartments to provide a concentrate stream that is concentrated in bicarbonate ions and 

other monovalent anions, and multivalent anions are selectively retained in the diluate cell 

compartments to provide a diluate stream; 

 (b) passing the diluate stream out of the electrodialysis stack as a diluate effluent; 
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(c) feeding at least a portion of the concentrate stream into the anode cell 

compartment, wherein the bicarbonate ion concentration is reduced via acidification to 

provide an anode cell effluent that has a reduced bicarbonate ion concentration;   

(d) passing the anode cell effluent out of the electrodialysis stack; and 

(e) recovering one or more salts of the cations and other monovalent anions from 

the anode cell effluent. 

21. The method of claim 1, wherein the separated anaerobic digestate influent is 

from an anaerobic digestion system used in a municipal sewage treatment facility. 

22. The method of claim 1, wherein the separated anaerobic digestate influent is 

the effluent from a mesophiclic anaerobic digester that digests a primary sludge, a waste 

activated sludge, or an effluent from an upstream thermophilic digester. 

23. The system of claim 16, wherein the anaerobic digestate source is an 

anaerobic digestion system used in a municipal sewage treatment facility. 

24. The method of claim 16, wherein the anaerobic digestate source is a 

mesophiclic anaerobic digester that digests a primary sludge, a waste activated sludge, or an 

effluent from an upstream thermophilic digester. 
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