Phosphate and Ammonia Recovery Using Pilot-Scale
Microbial Electrolysis Cell and Fertilizer Production
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Abstract:
An efficient phosphate remobilisation process was developed to recover phosphate from digested sewage sludge and ammonia from wastewater on the pilot
scale. It is a novel industrial renewable fertilizer production process. For a demonstrator project additional realisation partners are searched.

General Overview:


Three microbial electrolysis cells of 168 L were constructed by Lonza Ltd Visp (Fig.1).



These reactors were installed in three wastewater treatment plants (Sion, Martigny and
Worblental [Ittigen]).



The system also extracted ammonia from wastewater what potentially reduces denitrification
costs and is needed to generate phosphate-ammonia fertilizers.



In a second stage, phosphate was recovered from sludge with up to 99% efficiency.



In a third stage, a highly pure renewable Phosphate-Ammonia-Fertilizer was produced,
which was purer than the Swiss legislation requires (Fig.4).
Figure 1: The three pilot microbial electrolysis cells of 500L in front of

Bioelectrochemical Recovery Principle:

the primary clarifier of Châteauneuf WWTP in Sion.

A microbial electrolysis cell (Fig.2, Stage 1) provides a highly integrated process to recover phosphate

3(PO4 )

and ammonia (NH3) while cleaning wastewater and

other useful compounds such as caustic soda (KOH/NaOH). Another advantage to the process is the elimination capacity for heavy metals contained in sewage
Stage 1: Under the influence of a small potential, microorganisms naturally present in
wastewater oxidize the available organic matter. Electrons are liberated and transferred
to the cathode where water is reduced in hydroxide anions, forming a chemical base with
ammonia in excess.
Stage 2: The hydroxide-ammonia solution is added to digested sludge to extract

3PO4

trapped within the sludge matrix.
Stage 3: Phosphate and ammonia are converted into a pure fertilizer.
Figure 2: Process overview of the phosphate recycling prodess with wastewater and sludge.

A)

Phosphate Extraction Kinetics:


pH, stirring and temperature were found the most influential parameters on
phosphate remobilisation rates (Fig.3). A slight increase of one of them leads to
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B)

very high PO4 recoveries.


Sludge concentration and particle size only marginally affected the remobilisation
process. The sludge can be directly used as obtained from WWTPs



Under optimal conditions, 99% of phosphate was recovered.

Fertilizer Purity:
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Figure 3: PO4 recovery using the produced ammonia hydroxide liquid from the MEC process.
Different agitation speeds (A) and temperatures (B) were investigated.

Conclusion:
A phosphate remobilisation process and ammonia extraction were successfully
combined on pilot scale.

3PO4 extraction

of 99% are possible with appropriate

engineering. The phosphate-ammonia fertilizer yield reached 98 % in respect to
the recovered phosphate and was purer than Swiss legislation requirements.
A demonstrator is currently planned and project partners are searched. Please send
inquiries to: fabian.fischer@hevs.ch.

Figure 4: Low heavy metal contamination in produced struvite fertilizers compared
to sewage sludge and requirements of the Swiss legislation for renewable fertilizers.


The levels of copper (Cu), nickel (Ni) and zinc (Zn) present in the sludge
were all above legal limits (Fig. 4).



The heavy metals concentration in the resulting struvite was in accordance
to the Swiss legislation.
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