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Phosphorous recycling 
– an important instrument for the protection of the environment and of resources 
Less use of Phosphate, more recovery – a challenge for agriculture

The use of phosphates in German agriculture has been drastically reduced, but it is still too high :  the average excess of phosphorus represents 10 kg P/ year / hectare of farmland. Over 100 specialists from Germany and abroad gathered at the beginning of February 2003 in Berlin,  to debate how the application of phosphate could be further reduced, and how to recover phosphate from local secondary resources. Questions concerning P-recovery in agriculture and waste (solid and liquid) were the main themes of the symposium organised by the German Federal Ministry of Environment and the Department for Environmental Engineering (ISA) of the Technical University of Rheinland-Westfalen (RWTH). Furthermore the specialists debated the future application of phosphorous as an essential nutriment for plants, which could not be replaced by other substances. Therefore, extraction and application are closely linked to the protection of environment and resources.

The environment will be strongly affected if more phosphate than necessary for fertilisation is spread on the fields. The rising concentration of heavy metals in the wastes of phosphate mining and this ecological burden on less developed countries could be reduced by using recovered phosphates. Particular attention goes to phosphate rich material, such as phosphate rich effluents of towns and industries, industrial fertilisers manufactured from liquid manure or from animal flour. The phosphate surplus in Germany is as high as are levels of import of mineral phosphate. On the other hand, there is an undersupply of phosphates in farmland of underdeveloped countries. In the future, the phosphate demand will increase in these countries to secure the food supplies for the predictable population growth.

The level of availability for plants of the phosphate rich compounds applied on agricultural lands is particularly important. 

Mineral rock phosphate deposits are limited throughout the world but the experts agree that in the foreseeable future a shortage of phosphate supply is not expected. The mineral phosphate resources are however declining world-wide and the interest in recycling of phosphate is increasing. 

During the symposium, several promising methods were presented for P-recovery out of the different materials. It is important that the recovered phosphate concentrate offers high quality regarding ecological and crop production standards. Above all, there remains on this point a need of research and development.

The experts recommend organising P-recovery by recovery objectives, which would be tied to the water rights. The necessary development work and installation of equipment could for example, as already in some Regions of Germany, be financed from the effluent concession tax.
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Legal and financial possibilities for the promotion of phosphorus recycling

Abstract

By introducing a requirement for phosphorous recycling in the framework of the current Federal German waste water legislation (§ 7) and by providing financial assistance through the reduction of the effluent tax for the operators, phosphorus recycling testing could be introduced in Germany.

Note

As I wrote the title of my short talk, I was still hoped to announce plentiful financial grants for the recycling of phosphorous. I realised in the meantime that the sources had clearly less money available than I had first assumed, and that the Ministry of Environment (BMU), Ministry of Consumer Protection, Food and Agriculture (BMVEL), Ministry of Economy and Labour (BMWi), German Environment Foundation (DBU) and the Federal Environmental Agency (UBA) wanted in fact simply to promote this recycling, but they announce no money for doing it in practice. Therefore I want to try here to suggest some directions as an introduction for the promotion of phosphorus recycling.

Comparative assessment of phosphorous recycling

Phosphorous in a non renewable resource in necessary for food production, whose reserves are unquestionably limited. Phosphorus is not rare, but economically limited in supply, as is shown by the price. Here lies the ultimate difference with waste, of which supply is not limited, and hence which cannot managed using the usual instruments of the free market economy without corrections, because these rules were made for rare goods. The different speakers showed that different parts of waste flows contain phosphorous resources, which when taken together offer the same magnitude of phosphorus supply as the current mineral phosphorous imports of the Federal Republic of Germany. The interesting question is to know whether it is possible and feasible to recover the phosphorous resource (not a rare material, currently without a high value) from all the waste flows (plentiful materials without any value), and to return the phosphorus to the material cycle in order to :

· on the one hand extend the lifetime of phosphorus reserves and

· on the other hand reduce the environmental impact of the entire phosphorous cycle

Subject to technical feasibility, the test criterion for phosphorous recycling is not therefore only the cost of recycling of phosphorous compared to the price of extraction of phosphorous from rock reserves, but also the political principle of “comparative assessment”, and thus the political acceptability.

The comparative assessment should take into account:

· what is necessary

· what is suitable

· whether the cost is justified

The decision regarding whether the cost if justified is of course political.

This conference should discuss only what is necessary and what is suitable, defining actions and research, in order to provide input to society’s political decision concerning phosphorous recycling.

Resource saving in effluent and waste industries

Effluent and waste industries must be seen as a beginning and end-point of a sustainable, resource cycle, in which the materials are re-used energy savings are optimised. An accumulation of pollutants in the recycling cycle must not occur in doing so.

The resource is thus :

· material and energy potential of recycling, and

· lowering of environment and health impact

The German “recycling and waste economy” law (KrW-/AbfG) can consequently be understood as a law to realise a sustainable waste economy.

The hierarchy of KrW-/AbfG law priorities is :

1) Avoidance (minimisation of waste production)        2) Recycling           3) Waste disposal

These priorities are applicable now and in the future, and waste disposal (elimination) is not a long term solution. It is clear from the current political debate that a shift must be made towards recycling, and then to improved recycling (for example wood, end-of-life cars, deposit systems, electronic waste, energy efficiency in waste incineration).

Waste avoidance is difficult to achieve, but remains the key objective. Waste elimination must become a political emergence objective. This trend can be clarified with the example of 3 current regulatory programmes:

Future waste economy (zero waste 2020)

1) Ministry of Environment (BMU) key points for future waste economy (2020) complete waste recycling, end of elimination economy (landfill)

2) 6th European Programme for Environmental Actions 2002 – 2012 sustainable government control of resources (raw material and energy).  Strong decrease in elimination. Main focus on “natural resources and waste”.

3) 
Integrated Prevention and Reduction of Environmental Pollution (IVU) 
- guideline (law article 7/2001)
· Technology with low waste production (1*)

· Raw material recovery (3*, 9*), and

· Energy efficiency (9*)                                     * =   Number in the KrW-/AbfG law
The KrW-/AbfG law includes orientations concerning:

· Integrated environmental protection of : water, soil, air, health, climate and resources on the basis of “precaution and prevention”.

· Technology with low waste production

· Material recovery and recycling

· Energy efficiency (energy recovery)

· Total effect of emissions (Transfer prohibition)

Criteria to determine the state of the art in the KrW-/AbfG law:

The determination of the technical situation must be made taking into account the balance between cost and benefits for possible measures such as the principle of “precaution and prevention”, respectively for specific installations, taking particular consideration of the following criteria :

1) Application of low waste production technology
2) Input of less dangerous materials
3) Promotion of recovery and recycling of the material produced or used in each operation, and if necessary the wastes.

4) Comparable operations, mechanism and business methods, which are successfully tested in companies.

5) Progress in the technology and in the scientific knowledge
6) Type, effects and amount of the respective emissions

7) Date of the beginning of operation of the new or existing installations

8) The required time for introduction of a better available technique

9) Consumption of raw material and the way ot use materials in the respective operations (including water) such as energy efficiency.

10) Requirement to avoid or reduce as far as possible the overall effect of emissions and the hazard for humans beings and the environment.

11) Requirement to prevent accidents and reduce their consequences on human beings and environment.

The context of the new political objectives set by this law, to optimise waste recycling, could offer the possibility of testing new ways of recycling phosphorous from different effluent and waste flows. The key aspect is P-recovery out of effluents and sludges, because various technologies to recover phosphorus as a fertiliser from liquors or by thermal processes have already been partly developed. As we heard today from Mr. Heinzmann these processes could be optimized for phosphorous recovery.

The methods for thermic P-recovery in the separate incineration of animal flour, bone flour and slaughter-house waste do not require the creation of any regulation, because the market can provide good conditions for recycling of phosphorous from these materials. The methods for conditioning liquid manure have not yet reached the technical performance necessary and suitable for complete recovery of phosphorous, but research is promising. The market conditions for P-recovery from liquid manures could become viable if effective regulatory measures for the protection of ground water and soil are taken, in “good agricultural practice” where liquid manure treatment is carried out, and if the field areas required for cattle breeding is regulated by law. The proposal of the Ministries of environment and agriculture (BMU and BMVEL) to limit pollutants spread on soil used for farming would be a first step in the good direction.

P-recovery from effluents and sludges has on the other hand been widely technically tested and partly realised in concrete terms, using a multitude of different methods.

P-recovery for effluent and sludges

Thermic P-recovery

· Direct use as fertiliser of filtered sludges with low concentration of heavy metals

· Precipitation as calcium phosphate in the effluents and thermic reduction of phosphates to elementary phosphorous.

· Extraction of phosphate from filtered sludge using water (only in bio-P-sludge)

· Extraction of phosphate from filtered sludge using acid
· Extraction of metal salts from sludge incineration ashes using Redox-metal melting bath.

· Distillation of metal salt in lower temperature ranges.

P-recovery from ashes (waste incineration) can be covered by the KrW-/AbfG law in the 17. Federal Immission Control Act (BlmSchV) (for exemple if P > 6% in the ashes).

Chemical P-recovery from liquors

In the sewage treatment plants, the phosphorous can be recovered from solution (liquors) :

· Biological precipitation (this method offers the potential to redress P-deficiency in the sludge activation, which could lead to avoidance of excess sludge at the same time as achieving P-recovery.)
· Phosphorous precipitation in the effluent process flow

· Phosphorous crystallisation in the effluent process flow

· Sulphuric P-extraction and precipitation

· Ion exchange in the effluent process flow

· Combined precipitation of phosphorous and nitrogen in the sludge digestion water or in the pressed sludge water (MAP)

· Acid P-extraction and precipitation

· Phosphorous adsorption on activated clay

Pollutant free and biologically inert fertiliser salt could be obtained on a large scale by choosing appropriate agents for precipitation, crystallisation and adsorption. 

As the phosphorous in the sewage treatment plant can go through several different solid and liquid phases (in liquor or in sludge), it does not seem necessary to change the waste and water regulations. As long as the clear sludge is in the sewage treatment plant, it will in any case be legally considered as “belonging to effluent treatment” and so subject to the water rights. 

The new definition of the “state of the art” in the water supply law presents a clear basis principle for the requirement for P-recycling out of effluents.

Only through a legal obligation, binding water treatment operators to take P-recycling into account, will P-recycling develop. Convincing technologies to recycle phosphorous were already available in the past, for example in the well documented seminar for phosphorous recycling organised by the Hoechst company in the middle of the 80s, covering the last hundred years. Nevertheless, recycling could not be established because marginally price rising are not excluded.

A clear requirement for P-recycling could be approximately formulated as follows within the existing legal structure : “(30% or 50% or 75% - to be defined) is a minimal defined percentage rate of the charge of raw effluent in phosphorous compounds which should be generally recycled by the year 2010.”

The water rights legislation has only offered this possibility since July 2001. Similar requirements could be specified for both effluents and sludge.

The introduction of new technologies is always linked to small price rises. The P-recycling requirement could be accompanied through the effluent concession tax. The effluent concession tax is currently imposed on the charge of pollutant in the effluent and would thus be reduced in phosphorus were recycled. The new law states objectives for modifying this tax, including for example taxing disposal of sludge. 

NRW is already supporting 2 projects to recover phosphorus from effluent and sludges.
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