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Abbreviations 
 
DM   Dry Matter (related to sewage sludge in this case) 
DMY   Dry Matter Yield (related to plant growth) 
ESP   Electrostatic Precipitator 
EBPR   Enhanced Biological Phosphorus Removal 
ICP-MS  Inductively Coupled Plasma – Mass Spectroscopy 
ICP-OES  Inductively Coupled Plasma - Optical Emission Spectroscopy 
LCA   Life Cycle Assessment 
MBM   Meat and Bone Meal 
MFA   Mass Flow Analysis 
MSS   Municipal Sewage Sludge 
P   Phosphorus 
P-fertiliser  Fertiliser containing phosphorus as the main nutrient 
PK-fertiliser Fertiliser containing phosphorus and potassium as the main 

nutrients 
PVC Polyvinyl chloride 
NPK-fertiliser Fertiliser containing nitrogen, phosphorus and potassium as the 

main nutrients 
SEA Statistical Entropy Analysis 
SSA Sewage Sludge Ash 
SSP   Single Super Phosphate 
STTP   Sodium triphosphate 
TSP   Triple Super Phosphate 
WWTP  Waste Water Treatment Plant 
XRD   X-ray Diffraction 
XRF   X-ray Fluorescence Spectroscopy 

 
 
Sustainable and Safe Re-use of Municipal Sewage Sludge for 
Nutrient Recovery – SUSAN 
 
1. Introduction 
Municipal sewage sludge (MSS) is a carrier of valuable nutrients – most important 
phosphorus (P) - but is often contaminated by pathogens, hazardous organic 
pollutants such as pharmaceuticals, pesticides, polyaromatic hydrocarbons (PAH), 
chlorobenzenes, phenols, polychlorinated biphenyls and phthalates and inorganic 
pollutants such as arsenic, nickel, cadmium, lead, mercury, chromium, copper and 
zinc. Therefore, municipal sewage sludges must be disposed of or the pollutants 
must be removed before agricultural application to protect farmland and human 
health. In the last couple of years, the agricultural application of sewage sludge has 
decreased, while the interest in alternative sludge disposal routes to protect farmland 
and human health has increased. However, following the disposal route, nutrients are 
irreversibly lost and the need for mineral fertiliser products will increase. Concerning 
the scarce resource phosphorus, around 300,000 tons of P will be lost per year in the 
European Union if the entire amount of sewage sludge would be disposed of. This 
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potential phosphorus resource could be recovered if a sound recycling strategy is 
developed and applied which was the target of the SUSAN-project. 
 

2. Project execution 
In the SUSAN-project an alternative (sustainable and safe) management option for 
municipal sewage sludges based on thermal treatment was developed and 
assessed. Mono-incineration of sewage sludges completely destructs pathogens and 
the organic pollutants in a first step. For adjacent application of phosphorus-recovery 
techniques it is required to incinerate the sludges in mono-incineration facilities 
where municipal sewage sludges are incinerated only. Co-incineration of sewage 
sludges with other wastes containing less P would “dilute” the ashes resulting in low 
P-concentrations, less attractive for recovery. The incineration residues from mono-
incineration are sewage sludge ashes (SSA) with a high phosphorus content in the 
range 15-25% P2O5. However, these ashes often contain heavy metal compounds 
above the limits for agricultural use according to EU- and national fertiliser 
ordinances. Furthermore, phosphorus in the ashes exhibits low bioavailability - a 
disadvantage in farming. Therefore, a second step is required after mono-incineration 
to i) reduce the heavy metal concentrations below the relevant limits and ii) to 
transfer phosphorus into mineral phases with high P-bioavailability.  
 
Technological development 
The second process step is a thermochemical treatment step and is the “key-
technology” developed and optimised in the SUSAN-project. Heavy metals are 
removed to a large extend and the solubility of phosphorus is significantly increased 
by the thermochemical treatment.  
Extensive investigations within the framework of the SUSAN-project have shown that 
volatile heavy metal chlorides are formed when magnesium chloride or calcium 
chloride is added to the sewage sludge ashes and the mixture is then thermally 

treated at temperatures of 850-
1000°C e.g. in a rotary furnace 
(Figure 1). Thermochemical trials 
were carried out in lab- and 
medium-scale rotary furnaces and 
in a technical-scale pilot plant that 
was built up in the project by the 
Austrian company ASH DEC 
Umwelt AG. The lab- and medium-
scale reactors were operated at 
the Bundesanstalt für Material-

forschung und –prüfung, BAM (Federal Institute for Materials Research and Testing), 
the coordinator of the SUSAN-project. The lab-scale rotary furnace was equipped 
with a quartz glass reactor and was designed for approx. 0.5-1 kg batch experiments 
(see Figure 2). The medium-scale rotary furnace had a capacity of approx. 20 kg/h in 
continuous operation (Figure 3). The ASH DEC technical-scale pilot plant was 
located in Leoben, Austria, and had a capacity of approx. 200-300 kg/h (Figure 4). 
For thermochemical trials the sewage sludge ashes were mixed with a chlorine 
donor, pelletised and thermally treated for a defined retention time in the above 
mentioned aggregates. The offgas was cleaned in off-gas cleaning systems including 

Figure 1. Thermochemical process (principle) 
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wet scrubbers. The thermochemically treated ashes and the products that were 
absorbed in the off-gas cleaning systems (mainly heavy metal chlorides) were 
analysed with ICP-OES, XRF and XRD.  
 

  
Figure 2. a) Lab-scale rotary  furnace (Carbolite 
HTR 11/150) for thermochemical experiments at 
BAM 

b) Quartz glass reactor 
 

  
Figure 3. a) Medium-scale rotary furnace (Thermal 
Technology TL 1100) for thermochemical 
experiments at BAM 

b) Operation of the medium-scale rotary furnace 
(view into the hot rotary tube from the outlet) 
 

 

  
Figure 4. ASH DEC pilot plant 
a) Storage, mixing and pelleting 
station of the  
ASH DEC pilot plant 

 
b) Outlet of the rotary furnace 
with three cooling screws  

 
c) Quench for off-gas cooling 
and CaCl2 recovery 
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In the lab-scale reactor a screening with several sewage sludge ashes stemming 
from different incineration facilities in The Netherlands, Austria and Germany was 
carried out under systematic variation of the operational parameters temperature 
(705 – 1050 °C), retention time (20 – 120 min), type of Cl-donor (CaCl2, MgCl2, HCl) 
and amount of chlorine donor (50 – 200 g Cl / kg ash). Heavy metals removal was 

strongly dependent on the process 
temperature applied (Figure 5). 
Removal rates > 90% were 
achieved for cadmium, copper, 
lead and zinc and removal rates > 
70% for molybdenum and tin by 
treatment with MgCl2 or CaCl2 at 
1000°C. The remaining heavy 
metal concentrations in the final 
product after thermochemical 
treatment at 1000 °C were low 
(Figure 5, white columns for 
1000°C). Principally, the process 
was proven to be very robust and 
applicable for several different 
types of sewage sludge ashes. 
The thermochemical process of 

heavy metals removal is a very fast process and short retention times below 20 min 
can be applied. A favourable chlorine concentration of approx. 50 – 150 g Cl / kg ash 
was determined in the lab-, medium- and pilot-scale rotary furnaces. 
 
A recycling strategy was developed for the heavy metals concentrate that was 
separated via the gas phase. The heavy metals are dissolved in the acidic washing 
solution. The main component of this solution is hydrochloric acid originating from the 
Cl-donor that was mixed with the ashes before thermochemical treatment. It was 
targeted to separate the heavy metals from the chloride to be able to re-use chloride 
in the thermochemical process and to recover the heavy metals. It was possible to 
quantitatively precipitate the heavy metals in form of the respective hydroxides and 
separate it from the dissolved chloride if the pH was adjusted to pH 9. A concentrated 
CaCl2-solution was generated if CaO was used for neutralisation. However, in the 
heavy metal precipitate nearly equivalent mass fractions of copper and zinc were 
present besides each other which is disadvantageous for subsequent recycling 
purposes of these two predominant metals. In order to separate copper from zinc, a 
pre-treatment step was investigated. Copper was first removed from the acidic heavy 
metals concentrate by solvent extraction with the mining chemical LIX® and both 
metals were then separately recovered as hydroxides after precipitation by pH 
adjustment. 
 
Additionally to the removal of heavy metals, new phosphate bearing mineral phases 
were built up during the thermochemical process resulting in an improved P-
bioavailability. The mineral phases were detected by X-ray diffraction (XRD). Results 
from a series of XRD measurements are shown in Figure 6. The XRD-data give clear 
evidence that the given type of thermochemical treatment is accompanied by a 
sequence of chemical reactions, each of which has its characteristic temperature 

 

Figure 5. Heavy metal mass fractions of untreated 
sewage sludge ash and thermochemically treated ash 
depending on the process temperatures applied 
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interval. The P-bearing mineral phases in the raw ash are the calcium phosphate 
whitlockite and different aluminium phosphates whereas iron phosphate was not 
detected even in the case of ashes with high iron contents originating from WWTPs 
with iron-precipitation for phosphorus removal. Among the numerous crystalline 
phases present in the raw ash, only quartz and hematite continue to exist up to 
1050°C, the maximum temperature used in these experiments. All other components 
(including the P-bearing phases) undergo at least one decomposition–
recrystallisation cycle, some of the components recrystallise even several times. 
These decomposition-recrystallisation cycles contribute – presumably very effectively 
– to the reduction of the content of the heavy metal impurities by the thermochemical 
treatment. The P-bearing mineral phases that are formed at temperatures of approx. 
1000 °C are the calcium phosphate chlorapatite, the magnesium phosphate 
farringtonite and the calcium-/magnesium phosphate stanfieldite. The formation of 
the Mg-bearing mineral phosphate phases stanfieldite and farringtonite was found to 
be the reason for the improved bioavailability of phosphorus in the treated ashes.  
 

 
Figure 6. The main mineral phases detected by XRD in an iron-bearing sewage sludge ash before 
and after being thermochemically treated with MgCl2 as chlorine donor at temperatures between 450 
and 1050°C. 

= phase detected by XRD,   = phase not detected by XRD, 
     = phase just (dis)appearing. 
 
 
Agronomic investigations 
Several greenhouse pot experiments and a field trial were carried out at the Julius 
Kühn-Institut (JKI) with different thermochemically treated ashes in order to compare 
the plant performance including parameters such as dry matter yield production and 
P-availability of the treated ashes with the performance of conventional fertilisers 
(see Figure 7 and Figure 8). The results of the agricultural experiments clearly 
showed that ashes thermochemically treated with magnesium chloride as Cl-donor 
had a better fertilisation performance than those thermochemically treated with 
calcium chloride (see Figure 9). The dry matter yield production of variants fertilised 
with MgCl2-treated ashes came close to the results obtained by variants fertilised with 
the water soluble SSP control fertiliser. This is remarkable as the P-forms in the 
treated ashes are not water soluble (but e.g. soluble in citric acid). 
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The performance of CaCl2-treated ashes was lower which can be explained by the 
different mineral phases that were built up by the thermochemical treatment (see 
section above). The Mg-phosphates are missing and instead of them chlorapatite 
was the single P-bearing phase that was detected in the CaCl2-treated ashes. 
However, if those ashes thermochemically treated with CaCl2 are subsequently 
treated with sulphuric- or phosphoric acid (partial digestion), the dry matter yield 
production can be increased up to a comparable level with MgCl2-treated ashes and 
SSP (see Figure 9). 
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Figure 9. Dry matter yield maize (g/pot) at a P-level of 500 mg P per pot 
(different letters denote significant differences between groups as determined by Tukey post-hoc test 
(P<0.05)) 
 

  
Figure 7. Greenhouse pot experiments with rape 
and maize carried out from May to July 2007 at 
JKI 

Figure 8. Field trial with maize carried out from 
May to September 2008 at JKI 
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An improved agronomic performance of the CaCl2-variants was also attained via 
manufacturing an NPK-fertiliser on the basis of the thermochemically treated ashes. 
Ash based multi-nutrient fertilisers were produced in the ASH DEC pilot plant and in 
the special case of NPK-fertilisers in cooperation with a Swiss company dealing with 
N-fertiliser production on the basis of ammonium nitrate. The thermochemically 
treated ashes were mixed with other nutrients (NH4NO3, K2SO4, KCl) and the 
mixtures were pelletised using special mixers in the case of NPK-fertilisers or a dye 

press in the case of PK-
fertilisers. These products were 
already produced in larger 
charges of up to 200 tons in the 
ASH DEC pilot plant (see Figure 
10 and Figure 11). Growth tests 
with the ash based NPK-
fertilisers showed that they have 
the potential to achieve a dry 
matter yield comparable to the 
yield production of commercial 
control fertilisers (Figure 12) 

although the ashes used were thermochemically treated with CaCl2. Those positive 
results were probably due to changes of the P-bearing mineral phases caused by the 
manufacturing process of the NPK-fertiliser. New P-bearing mineral phases were 
detected by XRD. The P-compounds that were formed were partly water soluble 
(approx. 25 % of total P soluble in water) and were characterised by a higher 
solubility in neutral ammonium citrate solution (approx. 60-70 % of total P soluble in 
neutral ammonium citrate).  
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Figure 12. Product testing with the ash based NPK 20-8-8 fertiliser (green columns) compared to the 
commercial control fertiliser (grey columns) and the zero control (black line) 
 
Those promising results for the ash based fertilisers were confirmed independently 
from the SUSAN-investigations in greenhouse pot experiments and field studies 
commissioned by the Austrian Agency for Health and Food Safety (AGES) and other 

   
Figure 10.  
NPK-fertiliser (20-8-8) 
produced by ASH DEC. This 
fertiliser has a round shape 
due to the production 
conditions in a mixer. 

Figure 11.  
PK-fertiliser (12-20) 
produced by ASH DEC. 
This fertiliser has a 
cylindrical shape to to the 
production in a dye press 
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renowned agricultural research institutions (Thüringer Landesanstalt für 
Landwirtschaft, Eidgenössische Technische Hochschule Zürich). 
 
Product design and market requirements 
When producing new recycling fertilisers into the market, they have to be accepted 
both by farmers as well as by authorities who regulate and follow the fertiliser market. 
For EU authorities, any manufacturer wishing to have a new product accepted as a 
fertiliser, must submit technical data, such as information on effects on health, 
environment and safety, agronomic data and details of the methods of analysis and 
the results. On the other hand, to be accepted by farmers, recycling fertilisers must 
have comparable fertilisation performances as conventional fertilisers what was 
proven in the SUSAN-project. However, there must be a market for those fertilisers 
or they rather have to be adapted to the requirements of promising markets. 
Therefore, the P-fertiliser market was analysed to find a suited niche for the newly 
designed products and to optimise the final product design according to the 
requirements of the market. In the SUSAN-project YARA has evaluated the physical 
quality of ash-based NPK- and NP-granules as well as PK-fertilisers produced by 
ASH DEC. The granular strength was the most crucial property in terms of field 
application. In the early project phases the measured strength figures especially of 
the PK-fertilisers had been low compared to the strength of conventional fertilisers in 
the market. However, the ASH DEC NPK-fertilisers (20-5-8 as N-P2O5-K2O) that were 
produced in the last year of the SUSAN-project showed clearly more promising 
strength values. Also the PK-fertilisers were improved by adaptation of the pelleting 
procedure in the dye press. The PK-fertilisers are characterised by a cylindrical form 
(Figure 11). The NPK-fertilisers are characterised by a round shape (Figure 10) and 
showed a rather good stability. The ash based PK- and the NPK-fertilisers easily 
decompose in contact with water and showed comparable fertilisation performances 
as conventional fertilisers (example in Figure 12). According to YARA analysis, the 
ASH DEC product NPK 20-5-8 has 25% of the total P-content in water-soluble form 
and 67 % of the total P-content in citrate soluble form. The market for those recycling 
NPK-fertilisers is very promising as the market for conventional multi-nutrient 
fertilisers increased in the past whereas the single nutrient fertilisers market 
decreased. The fact that the prices for phosphorus on the world market dramatically 
increased in the years 2007 and 2008 (from 50 $ / ton in the beginning of 2007 to 
approx. 400 $ / ton of rock phosphate in 2008) makes the recycling route from 
sewage sludge ashes much more attractive and improves the marketability of the ash 
based products. 
 
Large-scale engineering and cost estimations 
The technologies of treating sewage sludge ashes and manufacturing marketable 
fertilisers out of it were developed and improved with focus on large-scale application 
aiming at facilities treating up to 30,000 – 50,000 tons of ash per year and producing 
marketable ash based P-fertilisers. Therefore, engineering and cost calculations 
were carried out in the SUSAN-project by the BAMAG GmbH for large-scale facilities. 
Pre-treatment of the ashes, the thermochemical reactor, the off-gas cleaning system 
with Cl-recycling and the product manufacturing were considered in the engineering. 
On the engineering basis a study on the economy of the proposed recycling 
technology was prepared. This study showed that margins of approx. 18 EUR/ton 
and a pay back period of 5-6 years can be expected.  
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Sustainability of different management options for sewage sludge 
Investigations into sustainability of different management options for sewage sludge 
were investigated at the Vienna University of Technology, Institute for Water Quality, 
Resources and Waste Management. Advantages and disadvantages of the 
application of the SUSAN-technology were analysed and compared to other 
treatment and management options. The comparison was based on energy balances 
and mass flow analysis as well as established evaluation methods and was aimed to 
quantify the contribution of all options to environmental protection and resource 
recovery. In the framework of the SUSAN-project, short and long term effects on 1) 
human health and the environment, and 2) resource recovery were investigated. For 
the comparative assessment, seven more or less common sewage sludge treatment 
options were initially considered (Table 1). 
 
The assessment of impacts followed a problem-oriented approach. Indicators were 
selected to assess how each sludge treatment option comparatively can reach the 
objectives of waste management.  
 
Table 1. Management options for sewage sludge that were compared 

Option Abbreviation
Direct application of stabilized sewage sludge in agriculture Soil directly 

Mono-incineration of sewage sludge and ashes to agriculture Mono-inc.+soil 

Mono-incineration of sewage sludge and ashes to landfill Mono-inc.+landfill 

Co-incineration of sewage sludge in cement production Cement 

Co-incineration of sewage sludge in a coal fired power plant Coal 

Mono-incineration of sewage sludge + fertilizer production from ashes SUSAN 

Wet-chemical treatment of sewage sludge (“Seaborne”) – Initially scheduled; due to absence of data 
not considered 

 
The indicators selected were: 

1. Emissions of heavy metals into air, water and soil 
2. NOX-emissions into atmosphere 
3. Destruction of organic pollutants (TOC) 
4. Accumulation of heavy metals in soils 
5. Primary energy balance 
6. Phosphorus recovery 
7. Statistical entropy analysis (SEA) 

 
1. Emissions of heavy metals into air, water and soil. By using the life cycle inventory 
from the SFA, two different LCA approaches (CML and IMPACT 2000+) where 
applied. The results show that SUSAN performs in the midfield in all three indicators. 
Combustion and co-combustion options are weaker in emissions to air, while options 
with P recovery are weaker in emissions to soil and water (Figure 13). 
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Figure 13. Examples for results – impacts by heavy metal emissions on human health through air 
emissions (left) and terrestrial ecology through emissions to soil (right) 

2. NOX-emissions into atmosphere. Options containing incineration processes 
contribute to NOX emissions. The results show that the options with the highest 
absolute emissions (coal and cement co-incineration) do have the highest discounts 
for replacing fossil fuels and thus perform subsequently slightly better than mono-
incineration options. SUSAN then becomes the second best option. 
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Figure 14. NOx-emissions 

3. Destruction of organic pollutants (TOC). The concern about micro organic 
pollutants in sewage sludge is increasing, but the incorporation in environmental 
assessment is still challenging. Most micro organic pollutants in sewage sludge are 
destroyed in combustion processes. Thus the only option with low destruction of 
organic pollutants is the direct application of sludge. 

4. Accumulation of heavy metals in soils. This indicator assesses long term effects by 
estimating the time to double natural concentration in soils.  Results show that 
generally the time to double the natural concentration is high, but lowest for direct 
application. If the utilization of mineral fertilizer for options without recovery is taken 
into account, SUSAN is the option that performs best. 
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Figure 15. Time to double the natural geogenic concentration of heavy metals in soils 
 
5. Primary energy balance. Using the cumulative energy demand (CED) approach, 
the primary energy balance is calculated for each option. Direct application shows 
the best energy balance, while four options have similar results. SUSAN yields the 
least advantageous balance. However, it should be mentioned that SUSAN operates 
still in a pilot scale; thus far better results can be expected (Figure 16). 
 

-50

-25

0

25

50

75

100

125

150

175

200

Soil directly Mono-inc.+soil Mono-
inc.+landfill

Cement Coal SUSANPr
im

ar
y 

en
er

gy
 b

al
an

ce
 in

cl
ud

in
g 

fu
el

 s
ub

st
itu

tio
n 

an
d 

fe
rti

liz
er

 
pr

od
uc

tio
n 

in
  (

M
J/

t r
aw

 s
lu

dg
e)

Primary energy balance
Energy demand amendments
Energy discount fertilizer
Final primary energy balance

 
Figure 16. Primary energy balance 

 

6. Phosphorus recovery. P in sewage sludge can be recovered as a fertilizer. SUSAN 
has the highest recovery rate, while co-incineration and landfilling of ashes do not 
recover any phosphorus. 
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Figure 17. Phosphorus recovery as fertilizer 
 
7. Statistical entropy analysis (SEA). Statistical entropy analysis shows whether a 
system dilutes or concentrates a substance. The result is expressed as the 
Substance Dilution Number (SDN) and the Substance Concentration Efficiency 
(SCE). The results show that SUSAN performs best, as it not only efficiently 
concentrates the substances, but also transfer them into manageable conditions. 
Application in agriculture dilutes most. 
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Figure 18. Substance concentration efficiency – positive values stands for concentrating, negative for 
diluting compared to the initial concentration (heavy metals in raw sewage sludge) 
 
Summary of the comparative investigation on sustainability 
There is no option that performs best in every indicator. Application of sludge or 
ashes to soil directly does perform well in conserving resources, but weak in human 
health and environmental aspects. Co-incineration options (coal fired power plant 
and cement production) have some advantages in emissions to water, soil, organic 
pollutants and partially energy, but emissions to air and the irrevocable loss of P 
makes them less desirable options. Landfilling of mono-incineration ashes is 
desirable for most options, except the recovery of P. SUSAN shows good results for 
every indicator except the energy balance. However, as it is still in pilot status, 
improved energy efficiency can be expected for the future.  
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Generally it can be concluded that SUSAN technology fulfils the requirements 
concerning the protection of human health and resource conservation among the 
investigated options best. 
 

3. Summary and Outlook 
In the SUSAN-project an environmentally friendly technology for sewage sludge 
treatment was developed and optimised aiming at nutrient recovery. The SUSAN-
option is a two step thermal treatment. In a first step sewage sludge is mono-
incinerated under energy recovery and destruction of organic pollutants. In a second 
thermochemical step heavy metals are removed and the valuable nutrient 
phosphorus is transferred into a form that is available for plants. This treatment step 
works at 850-1000°C. The thermochemically treated ashes contain approx. 20 % 
P2O5 in a bio-available form and are thus suitable raw materials for manufacturing 
marketable fertilisers such as P-, PK- or NPK-fertilisers. The nutrients phosphorus, 
calcium, magnesium and potassium that were present in sewage sludge are 
transferred into the ash based fertilisers and thus can be recovered with this 
technology. Recovery of phosphorus is most important in this context as phosphorus 
is a non-renewable resource that can become scarce in the future. The P-resources 
of the European Union are negligible. Consequently, the EU depends on a world 
market that is dominated by a small number of exporting nations. Main phosphorus 
reserves are located in China, Morocco, South Africa and the United States of 
America. Dramatic increases of the prices for rock phosphate were observed in the 
years 2007 and 2008 with significant effects on the agronomic sector. However, 
those developments on the fertiliser market positively affect the evolution of recycling 
strategies such as the SUSAN management option for nutrient recovery. An 
economic operation of large-scale facilities treating sewage sludge ashes according 
to the SUSAN-technology is expected in the near future. A pilot plant for fertiliser 
production from sewage sludge ashes is currently in operation. The SUSAN-
participant ASH DEC Umwelt AG will build up the first demonstration facility with an 
annual capacity of approx. 15,000 tons of ashes in the years 2009/2010.  
 
 
4. The participants of SUSAN and their role in the project 
 

The Federal Institute for Materials Research and Testing (BAM) 
co-ordinated the SUSAN-consortium and carried out 
thermochemical trials in bench- and medium-scale and the 
required analytical investigations. (www.bam.de) 
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The ASHDEC Umwelt AG worked on thermochemical processing 
of sewage sludge ashes into marketable products. Within the 
SUSAN-project ASHDEC carried out further investigations on the 

thermochemical process and fertiliser manufacture in pilot-scale, conducted a market 
analysis and worked on the planning of the first demonstration facility. 
(www.ashdec.com) 
 

 
SNB operates one of the largest sludge incineration facilities 
in Europe that annually incinerates 95,000 tons of sludge 

(DM). SNB is interested in an ecologic and economic re-use of their sewage sludge 
ashes and contributed to the SUSAN-project with its know-how in sludge incineration. 
SNB produced different qualities of ashes (e.g. with different Fe-content) for the 
investigation in SUSAN. (www.snb.nl) 
 

BAMAG is an engineering company operating in the fields of 
water, wastewater, sludge treatment and sludge incineration. 

BAMAG installed several fluidised-bed incineration plants for sewage sludge world 
wide (amongst others for SNB) and contributed to the SUSAN project with their 
specific experience in planning and engineering of large-scale facilities.  
(www.bamag-water.de) 
 

YARA SUOMI OY is a leading European provider of fertiliser products for 
use in agriculture with a particular focus to customized fertilising solutions. 
As a producer of different types of P-fertilisers, YARA contributed to the 
SUSAN-project with a market research and investigations in product 

design and conditioning of the fertilisers.  
(www.yara.com) 
 

The research fields of the JKI Institute for Crop and Soil Science 
cover the research and consultant demand of the German Ministry 
of Food, Agriculture and Consumer Protection with emphasis on 
sustainable plant nutrition and soil science. In the SUSAN-project 
JKI investigated the fertilisation performance of the different 

products in close co-operation with YARA. Comparative pot experiments and a field 
trial with fertiliser products from ashes and conventional mineral fertilisers were 
conducted.  
(www.jki.bund.de) 
 

The main expertise of the Institute for Water Quality, Resources and 
Waste Management (IWA) of the TU Vienna includes waste water 
engineering, water quality management, waste and resource 
management, thermal waste treatment, and sustainable regional 

materials management. IWA establishes the framework that is required to evaluate 
different options and technologies for sewage sludge management and does 
comparative investigations into sustainability of the different options. This is done by 
applying material flow analysis (MFA), statistical entropy analysis (SEA) and 
established evaluation approaches from the field of Life Cycle Analysis (LCA). 
(www.iwa.tuwien.ac.at) 


