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SCOPE 

Municipal sewage sludges are often highly polluted with organics, such as hormones, antibiotics, endocrine 
disruptors, persistent organic pollutants (POPs), and inorganics such as heavy metals e.g. cadmium, 
chromium, copper, nickel, mercury and zinc. In the last couple of years, the agricultural application of sewage 
sludge has decreased in the European Union, while the interest in alternative sludge disposal routes to 
protect farmland and human health has increased. However, following this strategy, nutrients (most notably 
phosphorus) are irreversibly lost and the need for mineral fertiliser products will increase. The scarce 
resource phosphorus could be recovered if a sound recycling strategy is developed and applied. 

OBJECTIVES 

The SUSAN-project aimed at developing a sustainable and safe strategy for nutrient recovery from sewage 
sludges using thermal treatment. Mono-incineration of the sludges completely destructs the organic 
pollutants in a first step. The incineration residues are ashes with a high phosphorus content that still 
contain heavy metal compounds above the limits for agricultural use. Furthermore, phosphorus in the ashes 
exhibits low bioavailability - a disadvantage in farming. Therefore, in a second thermochemical step heavy 
metals are removed and phosphorus transferred into mineral phases available for plants. The principle of the 
SUSAN-project is the separation of the small heavy metals fraction from the ashes to receive a phosphorus 
rich product suited as raw material for fertilisers that also contains SiO2, CaO, Al2O3, Fe2O3, MgO and K2O. 

The thermochemical process is based on evaporation of volatile heavy metal chlorides at 850 - 1000 °C. The 
sewage sludge ashes are mixed with chlorine donors such as MgCl2 or KCl, grained and treated in a thermal 
aggregate e.g. a rotary furnace. At the same time a transfer of non soluble P-compounds into mineral 
phases available for plants takes place. 
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Besides technological development of the thermochemical process, the products fertilisation performance, 
the product design, the market for the products and the sustainability of the whole process chain are 
emphasised in the SUSAN-project. 

CO-ORDINATOR 

Bundesanstalt für Materialforschung und –prüfung (BAM) 
Dr. Christian Adam, Department 4 Materials and Environment 
Email: christian.adam@bam.de  

PARTNERS 

Bundesanstalt für Materialforschung und -prüfung (BAM), Germany 
ASH DEC Umwelt AG, Austria 
SNB, Netherlands 
BAMAG, Germany 
Kemira GrowHow, Finland 
JKI Institute of Plant Nutrition and Soil Science, Germany 
Institute for Water Quality, Resources and Waste Management (IWA) of the TU Vienna, Austria 

OUTCOME 

The results of the project SUSAN are available in form of the final report on the Cordis-Website: 
http://cordis.europa.eu/docs/publications/1206/120694461-6_en.pdf 

VIDEOS 
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BAM-065-SUSAN-de.flv 

PUBLICATIONS 

 SUSAN – Sustainable and Safe Re-use of Municipal Sewage Sludge for Nutrient Recovery Final 
Activity Report - http://cordis.europa.eu/docs/publications/1206/120694461-6_en.pdf  

 Mattenberger, H., Fraissler, G., Jöller, M., Brunner, T., Obernberger, I., Herk, P. and Hermann, L. Sewage 
sludge ash to phosphorus fertiliser (II): Influences of ash and granulate type on heavy metal removal. 
Waste Management In Press, Corrected Proof. 

 Lederer, J. and Rechberger, H. Comparative goal-oriented assessment of conventional and alternative 
sewage sludge treatment options. Waste Management 30(6), 1043-1056. 

 Vogel, C., Adam, C. and Wellendorf, S. (2009) Phosphorus Recovery from sewage sludge ash and meat 
and bone meal by thermochemical treatment. Proceedings of R'09 Twin World Congress - Resource 
Management and Technology for Material and Energy Efficiency, 14.-16.09.2009, Davos, Switzerland. 
Hilty, L.M., Itoh, H., Hayashi, K. and Edelmann, X. (eds), EMPA, Davos, Switzerland. 

 Peplinski, B., Adam, C., Michaelis, M., Kley, G., Emmerling, F. and Simon, F.G. (2009) Reaction 
sequences in the thermochemical treatment of sewage sludge ashes revealed by X-ray powder 
diffraction – A contribution to the European project SUSAN. Zeitschrift für Kristallographie / 
Supplement issue 30, 459-464. 

ftp://ftp.bam.de/G1/www-medien/BAM-066-SUSAN-en.flv
ftp://ftp.bam.de/G1/www-medien/BAM-065-SUSAN-de.flv


 

3 
 

 Simon, F.G., Brenneis, R. and Adam, C. (2009) Verwertungsoptionen für Verbrennungsrückstände 
biogenen Ursprungs. Tagungsbeitrag in: Biogener Abfall - Ein heimischer Energieträger (Teil 1), 
4/5/2009, pp. 46-56, Club Niederösterreich. 

 Adam, C. (2009) Phosphorrückgewinnung aus Abwasser, Klärschlamm und Klärschlammasche. 
Astheimer-Heger, B. (ed), pp. 62-66, TU Darmstadt, Darmstadt. 

 Adam, C., Vogel, C., Wellendorf, S., Schick, J., Kratz, S. and Schnug, E. (2009) Phosphorus recovery by 
thermochemical treatment of sewage sludge ash - Results of the European FP6-project SUSAN. 
Ashley, K., Mavinic, D. and Koch, F. (eds), pp. 417-430, IWA Publishing, Vancouver, British Columbia, 
Canada. 

 Adam, C., Peplinski, B., Michaelis, M., Kley, G. and Simon, F.G. (2009) Thermochemical Treatment of 
Sewage Sludge Ashes for Phosphorus Recovery. Waste Management 29(3), 1122-1128. 

 Kratz, S., Adam, C., Beerbaum, B., Elsner, H., Reuvers, J., Dockhorn, T., Rechberger, H., Werner, W., 
Knudsen, L., Flachowsky, G., Rodehutscord, M., Steingrobe, B., Schick, J., Albert, E., Leinweber, P., 
Ekardt, F., Embert, G. and Kratz, S. (2009) Ressourcen schonender Einsatz von Phosphor in der 
Landwirtschaft - Symposium von JKI-PB in Braunschweig am 10./11. November 2008 - eine Synopse. 
Journal für Kulturpflanzen - Journal of Cultivated Plants 61(2). 

 Schick, J., Kratz, S., Adam, C., Hermann, L., Kley, G., Schnug, E., 2008. Agronomic potential of P-
fertilisers made from sewage sludge ashes – The EU-project SUSAN. Proceedings of Conference 
Eurosoil 2008, Winfried E.H. Blum, Martin H. Gerzabek and Manfred Vodrazka (Eds.), S28.G.01, Vienna 
2008 

 Adam, C., 2008. Eine nachhaltige Strategie zur Nutzung des Phosphors im Klärschlamm - Ergebnisse 
aus dem EU-Projekt SUSAN, Internationales Klärschlammsymposium, München, D'Introno, S.G. and 
Cyris, T. (Ed.), StMUGV, 131-140 

 Adam, C., Brenneis, R. and Simon, F.G., 2008. Ascheentsorgung - Acker oder Deponie, in: Faulstich, M. 
and Quicker, P. (Ed.), Biomasse & Abfall - Regionale Brennstoffe richtig nutzen, Verfahren & 
Werkstoffe für die Energietechnik, Vol. 4, Dorner PrintConcept, Sulzbach-Rosenberg 

 Adam, C., Kley, G., Simon, F.-G. and Lehmann, A., 2008. Recovery of nutrients from sewage sludge – 
Results of the European research-project SUSAN. Water Practice & Technology, 3(1) 

 Adam, C., Schick, J. and Kratz, S., 2008. Düngemittel aus Klärschlammasche. Müllmagazin, 3, 16-20. 

 Adam, C., Schick, J., Kratz, S. and Hermann, L., 2008. Phosphorus recovery by thermochemical 
treatment of sewage sludge ash, Leading Edge Technology Conference (LET), International Water 
Association (IWA), Zurich, IWA-Publishing, 1-8 

 Adam, C., Schick, J., Kratz, S., Hermann, L. and Vogel, C., 2008. Düngemittel für die 
Zukunft.RECYCLING magazin, 15, 28-31. 

 Adam, C., Peplinski, B., Kley, G., Kratz, S., Schick, J. and Schnug, E., (2008):Phosphorrückgewinnung 
aus Klärschlammaschen - Ergebnisse aus dem EU-Projekt SUSAN. Österr. Wasser- und 
Abfallwirtschaft, Heft 3-4 (Sonderausgabe "IFAT 2008"), 55-64. 

 Adam, C., Kley, G. and Simon, F.-G., (2007): Thermal Treatment of Municipal Sewage Sludge Aiming 
at Marketable P-Fertilisers Materials Transactions, 48(12, Special Issue on Growth of Ecomaterials as 
a Key to Eco-Society III), 3056-3061 

 Adam, Christian; Kley, Gerd; Simon, Franz-Georg (2007): „Thermal Treatment of Municipal Sewage 
Sludge Aiming at Marketable P-Fertilisers“, The 8 th International Conference of Ecomaterials ICEM 8, 
09.-11. July 2007, London, UK, Conference proceedings p. 435-442 

 Adam, Christian; Kley, Gerd; Simon, Franz-Georg; Lehmann, Annekatrin (2007): „Recovery of 
Nutrients from Sewage Sludge – Results of the European Research-Project SUSAN”, IWA-Specialist 



 

4 
 

Conference “Facing Sludge Diversities: Challenges, Risks and Opportunities”, 28.-30. March 2007, 
Antalya, Turkey, Conference Proceedings p. 297-305 

 Simon, Franz- Georg; Kalbe, Ute; Adam, Christian; Adamczyk, Burkart; Weimann, Karin 
(2006):“Recovery of non-renewable resources from waste”, 7 th International Conference on 
EcoBalance, 14.-16. November 2006, Tsukuba, Japan, The Society of Non-Traditional Technology, 
Japan, Conference Proceedings p. 499-502 

 Kratz, S. and Schnug, E. (2006): Statement aus FAL-PB zur Diskussion um landwirtschaftliche 
Klärschlammverwertung und die neue Klärschlammverordnung, Perspektiven der 
Klärschlammverwertung. Ziele und Inhalte. Eine Novelle der Klärschlammverordnung. Tagung 
6./7.12.2006, BMU, Bonn, (KTBL-Tagungsband in Vorbereitung) 
 
 

 Prinzhorn, Gerald (2005): „Phosphordünger aus Klärschlammaschen mit thermischer 
Schwermetallentfrachtung“, 75. Darmstädter Seminar Abwassertechnik – Rückgewinnung von 
Phosphor aus Abwasser und Klärschlamm, p. 239-247, 12./13. November 2005, Darmstadt, 
Veranstalter: TU Darmstadt & UBA Berlin 

 Kley, Gerd; Adam, Christian; Brenneis, Rudolf; Simon, Franz-Georg (2005): „Thermochemische 
Aufbereitung von Klärschlammaschen zu Phosphordüngern – Das EU-Projekt SUSAN“, 75. 
Darmstädter Seminar Abwassertechnik – Rückgewinnung von Phosphor aus Abwasser und 
Klärschlamm, p. 265-285, 12./13. November 2005, Darmstadt, Veranstalter: TU Darmstadt & UBA 
Berlin 

 Kley, Gerd; Adam, Christian; Brenneis, Rudolf; Peplinski, Burkhard (2005): "Reduzierung des 
Schwermetallanteils in Klärschlammaschen als Voraussetzung für deren Einsatz als 
Düngemittelrohstoff", VDI-Seminar 433626; 24.-25. Februar 2005 in Hannover 

 Adam, Christian; Kley, Gerd (2004): Berichte zum UFOPLAN Thema Nr. 203 33 396: 
„Thermochemische Behandlung von unterschiedlichen Klärschlammaschen“, Abschlussbericht für das 
Umweltbundesamt (UBA Berlin), 12/2004 

 Kley, Gerd; Köcher, Peter; Brenneis, Rudolf; Peplinski, Burkhard (2004): „Möglichkeiten der 
Nutzbarmachung von Phosphat aus Klärschlammaschen durch thermochemische Behandlung“, VDI-
Seminar 433625; 12.-14. Februar 2004 in München 

 Kley, Gerd; Köcher, Peter; Brenneis, Rudolf (2003): „Möglichkeiten zur Gewinnung von Phosphor-
Düngemitteln aus Klärschlamm-, Tiermehl- und ähnlichen Aschen durch thermochemische 
Behandlung“, Tagungsband "Rückgewinnung von Phosphor in der Landwirtschaft und aus Abfällen", 
p. 7/1-7/16; Berlin, 06./07. Februar 2003, RWTH Aachen & UBA Berlin 

 


