Reuse of phosphates recovered from sewage treatment plants

SUMMARY
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Introduction

In order to reduce the consumption of phosphate rock and to close the phosphorus cycle, Thermphos B.V., Vlissingen, The Netherlands, has stated an objective of replacing 20% of its current phosphate rock consumption by phosphates recovered from recovered materials within 5 years. Municipal wastewater is a potential source of such “recovered phosphates”. Phosphates removed from wastewater are present in the biological and/or chemical sewage sludge produced by sewage treatment plants. This sludge can be processed in a variety of ways, resulting in a variety of phosphate-containing recovered materials 

In view of the possibility of reusing recovered phosphates from municipal wastewater, Thermphos B.V., STOWA and CEEP (Centre Européen d’Etudes des Polyphosphates) decided to carry out a study to compile an inventory of such phosphates. The study focused on the quality and quantity of available phosphates in recovered materials from sewage treatment plants and sewage sludge processors, and assessed the current and future technical feasibility of using these recovered phosphates as a raw material for Thermphos B.V.’s phosphorus production process. The study also examined the possibility of separating phosphates from the wastewater stream (by precipitation ) within sewage treatment plants.

Thermphos B.V. defined the quality criteria that must be satisfied for the processing of recovered phosphates. An inventory of phosphate streams from sewage sludge processors and sewage treatment plants was then prepared, drawing on information obtained from annual reports, the CBS (Netherlands Statistics Bureau) and a questionnaire. With this data, the feasibility of Thermphos B.V. using recovered phosphates, as produced by current water industry processes, was analysed. This analysis identified a number of obstacles. On the basis of these obstacles, a number of potential reuse options were formulated. Currently available technologies to separate phosphates from wastewater within municipal treatment plants were also considered.

Total phosphorus available for recovery

It is concluded that the total phosphate available from Dutch sewage treatment plants each year is equal to approximately 10,500 tonnes P (equivalent to 24,000 tonnes P2O5), which amounts to 12.5% of the annual phosphate requirement of Thermphos B.V. Phosphate potentially available for recovery in animal manures and other waste streams is not taken into account in this report.

The following three streams were identified as potential sources of recovered phosphates from municipal sewage :

· A) 
sewage sludge : the sludge from sewage works operating chemical (chem-P) or biological (bio-P) phosphorus removal offers relatively high phosphorus contents;

· B) 
end products of sewage sludge processing (incineration, drying, composting, wet thermal oxidation …);

· C) 
specific phosphate products produced by separate stream processing in (bio-P plants only taken into consideration).

Obstacles to reuse of phosphates recovered from sewage

Measured against the quality criteria of Thermphos B.V., the two existing streams  (A and B above) present obstacles which may prevent reuse  :

· water content is too high (stream A, some processes stream B);
· P2O5 content is too low (stream A);
· iron content is too high (streams A and B) ;

· copper and zinc content is too high (streams A and B).
Sewage sludge cannot be used directly as it satisfies none of the defined quality criteria :

1) Phosphate and water content : After incineration and drying, the sludge has an appropriately low water content, but its organics content is still too high. After composting or wet thermal oxidation, it would still need to be incinerated. 

2) Iron content : Because sludge streams are currently blended by sludge processors, all chem-P sewage treatment plants would have to switch to using aluminium instead of iron.  At present, however, the widespread use of aluminium compounds is not considered to be economically viable by the water industry. Alternatively, separative collection-treatment streams would have to be established for sewage sludges from plants not using iron, but this would pose logistic problems and increase costs.

3) Unacceptably high levels of copper and zinc are however probably the most problematic obstacle to reuse by Thermphos B.V. because they are widely present in sewage and in sewage incineration ash, and because no solution has been identified to avoid or reduce levels of these elements, nor to adapt the Thermphos process to accommodate them. On the basis of the average content of zinc in sewage sludges, and of Thermphos’ identified process constraints for contamination with this metal, then Thermphos could only accept around 5,100 tonnes (dry matter)/year of sewage incineration ash (phosphorus content around 440 tonnesP/year). On the basis of the copper content, the figure falls to only 1,800 tonnes/year of ash (120 tonnesP/year), that is only 0.15% of the company’s annual P requirement.

On the other hand, processes which precipitate phosphates (as relatively pure products) from liquid streams within municipal waste water treatment plants can produce materials which are eminently suitable for reuse in Thermphos’ existing processes. Current experience of such phosphate precipitation processes only involve either calcium phosphate precipitation or struvite precipitation (the latter product cannot however be used by Thermphos because of its ammonium content). Chemical precipitation of aluminium phosphates could be a good alternative, provided that reactors can be designed which would produce relatively pure pellets and not a mixed high-organic “sludge”.

Practical experience with the Crystallactor® calcium phosphate precipitation reactor at Geestmerambacht sewage works in The Netherlands shows that a suitable recovered material is obtained which poses none of the above mentioned problems, and indeed Thermphos is currently using the total output from this reactor.

Phosphate precipitation processes are most likely to be installed in sewage works operating biological phosphorus removal, as these offer side streams with high phosphate concentrations which are suitable for operation of such reactors, and because P-recovery can improve their operation. An inventory was made of plants in Holland already operating a biological phosphorus removal stage, and plants susceptible to be adapted for biological phosphorus removal. On this basis, it was estimated that phosphate precipitation reactors could realistically generate a stream of recovered phosphates appropriate for reuse by Thermphos which would cover approximately 5% of the company’s phosphate requirements.

In view of the above conclusions, further study should be carried out into the following points with regard to the reuse of recovered phosphates:

· the technical and financial feasibility of developing and installing phosphate precipitation reactors (calcium phosphates or aluminium phosphates) in appropriate side streams of bio-P sewage treatment plants  ;

· comparison of the total operating costs of such precipitation reactors with those of chemical precipitation, including sludge disposal ;

· possibility of processing sewage sludge incineration ash so as to reduce its content of iron, copper and zinc. 
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