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1. INTRODUCTION
In the European Union total population is about 500 million people and sludge production is
around 13.25Mt/year*1. Wastewater sludge amount increased by 43% from 1992 – 2000 in
the EU, due to the construction of new sewage treatment plants, following the enforcement of
Directive 91/271. Consequently sludge treatment and disposal operating costs1 increased by
50%. There are currently over 50.000 wastewater treatment plants (WWTPs) operating in the
European Union yielding a total of more than 10 million tons of dry solids (tds) per year.
Germany, United Kingdom, France, Spain and Italy contribute the largest amounts of sludge
equivalent 70% of the total EU production (Table 1)2.
Table 1 - Sludge produced at municipal sewage treatment plants in some countries of Europe2
Country

Germany
United Kingdom
France
Spain
Italy
Poland
Netherlands
Hungary
Austria
Czech Republic
Switzerland

Total sludge
3
(10 ton/year)
2.049
1.771
1.087
1.065
1.056
563
353
260
254
220
210

Sludge dry mass per
capita
(kgds/pe/year)
24,99
28,63
17,37
23,12
2,3
17,51*
14,76
21,37
25,95
30,28
20,94
27,14

Therefore, it is expected that the implementation of UWWT Directive (CEC, 1991) by EU-12
countries is going to cause a significant increase of annual sewage sludge production in EU
during the following years, exceeding the present amount of 13 million tons DS up to 20204.
Tendencies
For many producers, there are not enough economic advantages to make the beneficial reuse
of sludge an attractive investment. Even though a sludge-zero process remains the utopia in
sludge management, a more realistic and feasible practice is to continue to reduce the volume
and mass of sludge produced. The current approach to sludge reduction addresses the two
following aspects:
1

* http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_ww_spd&lang=en
2
* Both specific and total amount of sludge reported for Italy in the paper cited may be old. In an IWA
report, Canziani (2011)3 estimates an Italian specific production of sludge dry mass of 30 g/pe. As the
total equivalent population in Italy is estimated in about 75 million PE (average 2008-2012; Istat, 2014:
http://www.istat.it/it/archivio/127380), the total sludge dry solid production can be estimated around
0,821 Mt/y. At an average dry mass percentage of 20%, the total mass of wet sludge in Italy can be
estimated as much as 4,1 Mt/year.
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- Reduction of volume of wet sludge: The increase of the solid content in sludge by dewatering
significantly reduces the volume and mass for transport and disposal.
- Reduction of dry mass of sludge: The reduction of dry mass of sludge leads to the reduction
of solid content and volume and this strategy should be favoured, because it allows the
immediate reduction of sludge dry mass during its production in the biological treatment
stage.
Many studies have been elaborated since the ‘90s on alternative technologies for direct onsite reduction of sludge production (as dry mass and not only in volume). The proposed
methods are based on physical, mechanical, chemical, thermal and biological treatments. Most
of them are aimed at solids solubilisation and disintegration of bacterial cells in sludge, with
the objectives of:
-

Reducing sludge production directly in the wastewater units;
Reducing sludge mass in the sludge units and simultaneously improving biogas
production in anaerobic digestion or, in some cases, dewaterability5;
Producing an additional carbon source to support denitrification and phosphorous
removal in the wastewater handling units (in few cases).

At this regards, the current tendency of the most part of the EU countries in the last years has
been to reduce sludge production by some of these ways, such as the case of Germany. On the
contrary, some other European countries, such as, United Kingdom, Spain and Poland have
increased its sludge production due to introduction of more WWTPs and more stringent
treatments (Figures 1 and 2).

Figure 1 – Tendencies in sludge production in years 2000-2009 6
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Figure 2 – WWTPs by treatment type and member state 7
The EU Urban Directive on waste water treatment is the legal basis for which all treatment
plants in the EU must deliver primary, secondary and tertiary treatment (the latter for the
removal of nutrients).
Additional treatment is employed when primary, secondary and tertiary treatment cannot
accomplish all that is required. The purpose for the additional treatment is in most cases to
remove additional nitrogen or phosphorus or, where required, removal of pathogens and/or
removal of specific hazardous substances.
In this context, this study is focusing on some of the main countries of Europe, which operate
on the basis of very stringent treatment goals for urban waste water such as: Germany, France,
Italy, Spain and UK. In this report we also considered Austria and Switzerland as
representatives of Countries where particular attention is paid to sludge management and
strict limits for sludge disposal routes.
The management and disposal of the sludge are fully related with the technology, industry
around and economical strategic of each WWTP. Generally speaking, it is clear that one of the
major goals in sludge production is the increase of dry solids percentage at the WWTP. At this
regards, the new technology proposed in SludgeTreat, the electro-dewatering, might
introduces higher efficiency, reduced costs and sustainability of the WWTPs in Europe,
approaching this way to the goals of the current European directive.
(More information in the deliverable D2.1 - State of the art of existing technology – review)
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2. DISPOSAL OF SLUDGE IN EUROPE
2.1 Key points in dealing with sludge disposal
The final destination for the sludge from the different wastewater treatment plants depend on
the percentage of dry matter contained, the disposal costs and, in some cases, on the market
circumstances at the region nearby a WWTP. From literature reviews reporting about several
European wastewater treatment plants (WWTPs) and after visiting some WWTPs in Italy, it can
be stated that the main issues to be considered to compare sludge management systems are:
-

Equivalent population served by the WWTP.
Sludge production: quantity and physical-chemical properties.
Dewatering processes used.
Content of dry matter and its relation to volatile solids percentage.
Possibility of thermal drying.
Energy consumption.
Transport and disposal costs.
Final destination of the sludge.

Equivalent population served

Population equivalent or unit per capita loading, (PE), in waste-water treatment is the number
expressing the ratio of the sum of the pollution load produced during 24 hours by industrial
facilities and services to the individual pollution load in household sewage produced by one
person in the same time.
According to Directive 91/271/EEC, article 2, point 6, “1 p.e. (population equivalent)' means
the organic biodegradable load having a five-day biochemical oxygen demand (BOD5) of 60 g of
oxygen per day” .
This report has considered a wide range of WWTPs, from as low as 1.500 PE (i.e. COLLECCHIO –
Capoluogo and FONTEVIVO - CASE MASSI, both in Italy) up to large WWTPS ranging from 1
million PE (WWTP MILANO SUD in Italy) to 5 million PE (WWTP Köhlbrandhöft and Municipal
association sewage treatment plant at Breydin /Klobbicke, Berlin, Germany, and WWTP SeineAmont, France).
Sludge production: quantity and quality.

In WWTP, major processes are:
- Mainstream wastewater treatment (preliminary, primary, secondary treatment, finishing and
disinfection).
- Sludge treatment (thickening, stabilisation, mechanical dewatering and, in some cases,
thermal drying).
GA n. 611593
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Wastewater treatments remove about 85% to 95% of organic pollutants before the treated
wastewater is disinfected and discharged into the receiving water bodies. About half of this
pollutant load is transferred into primary and excess biological sludge.
Sludge is the byproduct of the treatment process, and is in the form of slurry, with 98-99%
water content, while the dry matter is rich in putrescible organic matter. It is thickened, to
reduce water content to around 95-96%, the biologically stabilized (aerobically or
anaerobically) and dewatered for easier handling. The resulting material is also known as
biosolids.
The total quantity depends of the efficiency of the processes, especially the dewatering
processes and the total quality depends mainly on the origin of the wastewater. For example,
heavy metal concentration in sludge is highly influenced by runoff water washing road surfaces
and rain collecting systems, and from industrial discharges in the sewer catchment area served
by the WWTP.
Table 2 summarizes the collected data for sludge production and dewatering processes of
some European plants considered in this study.
Table 2 – Data collected of mechanically dewatered sludge production and dewatering
processes used in some WWTP in Europe
Plant
Merone (Italy)
Carimate (Italy)
Mirandola (Italy)
Carpi (Italy)
Milano Sud (Italy)
Medesano – Felegara (Italy)
Collecchio – Capoluogo (Italy)
Fontevivo- Case Massi (Italy)
Langhirano – Cascinapiano (Italy)
Felino – Capoluogo (Italy)
Parma Est (Italy)
Parma Ovest (Italy)
Bajo Iregua (Spain)
Arazuri (Spain)
Boadilla del Monte (Spain)
Seine-Amont (France)
Marne Aval (France)
Seine Grésillons (France)
Köhlbrandhöft (Germany)
Gut Marienhof (Germany)
Simmering (Austria)
Bois-de-Bay (Switzerland)

GA n. 611593

Sludge production
(t/year)
3.524
3.300
1.173
8.916
28.225
1.107
784
1.375
1.162
840
5.226
10.183
2.236
30.000
10.370

Dewatering process
Centrifuge
Belt press
Filter press
Centrifuge
Filter press
Centrifuge
Centrifuge
Beltpress
Centrifuge
Centrifuge
Centrifuge
Centrifuge
Centrifuge
Centrifuge
Centrifuge

71.257

Centrifuge

7.330

Centrifuge

23.417

Centrifuge

78.400
22.000
365.000

Centrifuge
Centrifuge
Centrifuge

12.000

Centrifuge
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Dewatering type processes:

The prevailing sludge dewatering technologies in descending order are centrifuges (41%), belt
filter presses (28%) and filter presses (23%). Drying beds are preferred mainly in small
WWTPs8. After analysis of the data collected from different plant in Europe the most used
facility is centrifuge (Table 2).
Content of dry matter and its relation to volatile solids percentage:

After digestion a normal percentage of dry matter is about 3-5%. After dewatering, the
resulted biosolids cake is approximately 20 to 25 % of solid material. Depending on the
dewatering processes and the composition of the sludge, the percentage of the dry solids
could change.
In the vast majority of the European plants the dry solid content is about 19-25%. Few WWTP
have exceptionally high dry matter after mechanical dewatering, such as:
- Gut Marienhof (Germany): 30% DS
- Bois-de-Bay (Switzerland): 35% DS
- Seine Grésillons (France): 36%
For agriculture use (either spreading on arable land or co-composting with agricultural wastes),
the dry matter (DM) content should be in the range of 20 to 45%. As for incineration the DM
content should be at least around 30% to achieve a self-sustained combustion at 850°C, and
the drier the better. For cement kiln application, the Italian Law thermal drying is required to
produce a “substitute solid fuel “ with about 90% DM, in order to comply with technical
standard CEN EN 15359.
Another interesting correlation which could be interesting to study is the potential relationship
between DM final content (after dewatering) and the amount of solid volatiles of the sludge.
By considering data collected in about 100 WWTP in Italy, dry matter content vs volatile solids
have been related, as depicted in Figure 3.

Figure 3 - Dispersion analysis of dry matter and volatile solids from data collected in several
WWTPs in Italy.
GA n. 611593
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The blue area on the left highlights a general tendency that is more or less valid in all the
plants: for volatile solids (VS) below 65%, the lower the volatile solids, the higher the dry solids
after dewatering. If VS are above 65% no actual trend can be observed.
This figure includes very different sludge from many plants with different processes and
different characteristics. This trend is really clear if one considers only one specific plant, with
more homogeneous data. Such a trend has been clearly observed in the WWTP in Carimate,
Italy (see figure below).

Figure 4 - Relation between dry matter after dewatering and volatile solids in Carimate WWTP,
Italy.
From this analysis, it is quite clear that sludge with a high organic content (i.e.: a high
percentage of volatile solids) is more difficult to dewater. Therefore electro-dewatering can be
more effective in increasing the dry content of poorly dewaterable sludge that if the sludge has
higher VS/DM values.
Possibility of thermal drying

After mechanically dewatering sludge up to 25% DS, some WWTPs obtain 90%-DS sludge by
applying thermal driers. Germany, France, UK, Austria, Netherlands and Switzerland, are
countries where thermal drying is widely applied nowadays. In Italy thermal driers are applied
too. In Lombardy thermal driers can be found at many WWTPs (Milano Sud, Milano Nosedo,
ASIL Merone, Lura Ambiente at Caronno Pertusella, and others). Within the WP2 activities, we
visited two plants with thermal driers (Milano Sud and Merone). In both cases thermal drying
implies high treatment costs (around 180 €/tDM), mainly due to the cost of energy to
evaporate water from sludge. In the case of Milano Sud WWTP, it has been estimated that an
average increase of 1% of DM in the sludge feed (e.g. from 24 to 25% DM), the estimated
energy saving is about 50 k€/year.
GA n. 611593
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Sludge disposal

European community advocates for using the resulted sludge in agriculture, as a composting
and under control limits in toxicity. Therefore, EU regulates the disposal of the resulted sludge
on landfill and controls the toxic releasing effects if the sludge is incinerated. (See points 2.2.
to 2.5. in this part).
Table 3. Disposal methods for sewage sludge in EU Member States as percentage2
Disposal route
Country

Agriculture+Composting (%)

Incineration (%)

Other, including
landfill (%)

53
70
73
65
44
26
0
60
38
78
10

47
16
19
4
3
2
95
1
36
1
90

0
14
18
31
53
82
5
39
26
21
0

Germany
United Kindgom
France
Spain
Italy
Poland
Netherlands
Hungary
Austria
Czech Republic
Switzerland

In general, direct or indirect agricultural use is the most usual disposal route for recycling
sewage sludge, followed by landfilling and incineration. Recently, especially in Germany,
Switzerland and the Netherlands, sewage sludge incineration is becoming the dominant
disposal route.
Energy consumption:

Selection of treatment technology, process operation, post-processing and disposal of residual
solids affect energy consumption. Ten years ago, a large number of WWTPs in Europe have
undergone energy optimization to reduce total energy consumption, such as for instance:


Switzerland: Two thirds of all WWTPs in Switzerland have already undergone energy
analysis. As a consequence, energy cost has been reduced by an astounding average of
38% so far. 2/3 of this cost reduction is due to increased electricity production from
biogas, 1/3 is due to “real” savings. Major efficiency increases were realized in the
biological stage and with improved energy management. Current savings amount to 8
million EUR/a. Over an investment life-span of 15 years this equals 120 million euros9.



Germany (Müller and Kobel, 2004): So far 344 WWTPs in North Rhine Westphalia
(NRW) have undergone energy analysis, and the findings indicate that energy cost can
be reduced by an even higher margin than in Switzerland, that is, by an average of
50%! Energy optimization is financially attractive for WWTPs, with potential savings
being larger than the required investments. Extrapolation of these findings in NRW

GA n. 611593
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leads to an overall savings potential in Germany equalling 3 to 4 billion euros over 15
years10.


Austria: Austria promoted benchmarking. The comparison stimulates a kind of
competition between WWTPs and the ambition to improve. That is, all existing about
950 WWTPs with a total of about 20 million PE were invited to take part in a
benchmarking process. The presented total operation cost numbers include all kinds of
operation cost, that is WWTP staff, administration, cost for third parties, chemicals
and materials, disposal of sludge, sand and screenings, other cost and not least energy
cost. Within that 5-year period the relative contribution of energy cost to the
benchmark has shrunk by about 30%, and thus constitutes the single most relevant
factor for overall reduction of the operation cost benchmark. Consequently, the
average of energy cost for large WWTPs has meanwhile dropped to about 1,0
euro/PE/a, with the best performing WWTPs already approaching zero energy cost11.

Energy conservation measures implemented at the Strass im Zillertal WWTP have resulted in
an annual net surplus of electrical energy of 8 percent, which is fed to the public electricity
supply grid. This is achieved by using a combination of efficiency measures and the use of
extensive energy recovery programs at the plant. The high efficiency co-generation engine
provides 340 kW of power, which resulted in 8500 kWh of electricity production in 2005, which
exceeded the plant energy demand of 7,900 kWh that year increased electricity production
from biogas12.
Transport and disposal costs

Costs for storage and transport the sludge is strongly affected by fuel, labor costs and distant
from the treatment plant to final destination, which vary widely depending on local conditions
and economics. In some cases, national tariffs exist.
Some data have been collected after visiting WWTPs in Lombardy (Milano Sud and Merone,
Italy), for example: 47 to 57€/t for disposal of a 25%-DM sludge at specific plants for
transformation of sludge into a soil fertilizer for agricultural use, located about 40 to 80 km
away, including about 12 – 22 €/t for transportation by container trucks and 66€/t for disposal
of 90%-DS to a cement kiln located 80 km away (including about 20 €/t for transportation by
20-m3-tankers).
Data have also been collected from different WWTPs in Europe and used for comparing total
costs of different technologies and possible improvements to be considered in the context of
the project SLUDGETREAT.
More data collected from the visits to WWTPs are detailed in Annex I.

3. EUROPEAN REGULATIONS AND SLUDGE DISPOSAL ROUTES
The Sewage Sludge Directive 86/278/EEC seeks to encourage the use of sewage sludge in
agriculture. At the same time it regulates its use in such a way that any potential harmful effect
on soil, vegetation, animals and human beings is prevented. According to the above principle,
GA n. 611593

Page 13 of 29

D2.2- Preliminary market analysis
Dissemination level: PU
the use of untreated sludge in agriculture is prohibited, unless it is injected or incorporated in
the soil13. Moreover, by the term treated sludge is defined the sewage sludge which ‘‘has
undergone biological, chemical or heat term, long-term storage or any other appropriate
process so as significantly to reduce its ferment ability and the health hazards resulting from its
use’’14. The hazardous waste directive in 1991 set the rules for handling this type of waste15.
The European Union set a target of reducing dioxins by 90% between 1985 and 2000. A new
directive approved in 2000, which came into force in 2005, limits the dioxins emitted during
incineration. The European Union’s target to reduce final waste disposal by 20% compared
with 2000 to 2010 and by 50% by 205016. To do this, the EC has drawn up a strategy setting the
following priorities:
-

Prevention of waste;
Waste recovery through, reuse, recycling and energy recovery;
Improved treatment conditions;
Regulation of transport.

Finally, the following European directives are fulfilled through a successful implementation of
gasification as a way of power production: Legislation concerning emission limits for individual
plants/processes (and also fuel quality standards limiting the content of certain compounds in
fuel)17.
Although at Community level the reuse of sludge accounts for about 40% of the overall sludge
production, landfilling as well as incineration in some Member States are the most widely used
disposal outlets despite their environmental drawbacks up to 2020. Some of the most
stringent standards exist in Europe with regard to incineration and gasification. The European
Commission provides strict controls, so that member states are required to implement as a
minimum although certain members implement more stringent standards. The two most
important sources (the DETR and the EC) provide the following:


The Environmental Protection Act 1990 and the associated process guidance notes,
Secretary of State's Guidance - Sewage Sludge Incineration Processes under one ton an
hour, PG5/11, and IPC Guidance Note S2 5.01 Processes subject to Integrated Pollution
Control: Waste Incineration.
NB. S2 5.01 contains benchmarks that should not be applied as uniform release limits. They are indicative,
but not prescriptive, for new processes, which are expected to use modern techniques for the prevention,
minimization and abatement of releases.



The Draft EC Directive on Waste Incineration, the EC Directives on Municipal Wastes
89/369/EEC and 89/428/EEC and the Hazardous Waste Incineration Directive
94/67/EC.

3.1 Agriculture
Agricultural use of raw sludge or other composting practices is encouraged by national
authorities as the best way for recycling, while landfilling of sludge will be phased out in the
future. Incineration is not encouraged, due to poor public acceptance, although it is widely
adopted and has the potential to recover energy and material from the ashes.

GA n. 611593
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Directive 86/278/EEC on Sewage Sludge in Agriculture requires, however, that no-one may
permit the use of sewage sludge on agricultural land unless specific requirements are fulfilled.
The Directive aims at avoiding health problems due to pathogens (helminth eggs and
salmonellas) and the accumulation of toxic substances, especially heavy metals, which might
reach excessive levels in the soil after a number of applications.
Direct agricultural utilization involving large amounts of sludge to be spread on land does not
seem feasible for the following reasons:
-

Need of large extensions of fields and therefore long distances to be covered from
WWTPs to the site of spreading.
Need of large storage volume required when sludge cannot be used (winter periods
and when the fields are flooded)
Large WWTPs are often polluted by non controlled industrial discharges that might
hinder agricultural utilization of resulting sludge.

While the first two drawbacks can be overcome by co-composting of sludge and agricultural or
ligno-cellulosic wastes (e.g.: wood cuttings and wood chips), the third is the most important
issue that will downgrade the quality of sludge and make it unsuitable for agricultural re-use.
The greatest uncertainty about the future trends in sludge management lies in the prospects
for recycling sewage sludge in agriculture due to political and environmental concerns about
this practice and tightening legislation. This is strategically the most important outlet for
sludge and is the most environmentally sustainable from the point of view of recycling
resources. However, the future of agricultural re-use will depend on adopting pragmatic
controls that facilitate land application and protect the environment based on sound scientific
principles and risk assessment. It will also crucially depend on counter-acting prejudicial
perceptions about sludge and gaining consumer confidence that land application is a safe and
acceptable practice that, on balance, represents the best overall approach to sludge
management. As the availability of outlets for sludge diminish, the ability to provide secure,
cost-effective and environmentally acceptable approaches to sludge management becomes
ever more challenging18.
3.2 Incineration
The Directive 2000/76/CE19 regulates the levels of certain pollutants such as nitrogen oxides
(NOx), sulphur dioxide (SO2), heavy metals and dioxins should not be exceeded, while in terms
of air quality the objective is that all people should be effectively protected against recognised
health risks from air pollution.
The cessation of disposal by sea as required by the Urban Waste Water Treatment Directive
(UWWTD), coupled with the increasing restrictions on the use of sewage sludge on land and
the potential unsustainability of landfill, have led to an increasing dependence of water
companies on incineration as the disposal route for sewage sludge.
Despite the benefit of recycling sludge to agriculture and new quality control procedures,
factors restricting the agricultural recycling route include the interest and influence of
GA n. 611593
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supermarkets on farming techniques, concerns over the safety of using sewage sludge where
crops could be potentially affected by Beet Rhizoma or Brown Potato Rot, Nitrate Sensitive
Zones, and the new MAFF Soil, Water and Air Codes. These are further supplemented by Royal
Commission recommendations on the cessation of use of untreated sewage sludge in
agriculture, a revision of the CoP on sludge recycling and the new sludge classifications.
The Proposed EC Directive on the Landfill of Waste will also impact on the disposal of sewage
sludge particularly with the stringent new standards relating to landfill of biodegradable waste.
Even without such a prohibitive Directive, the landfill of sewage sludge cannot be considered
sustainable. The proposed Directive on the Incineration of Waste, meanwhile, will regulate
sewage sludge incineration and gasification technology.
From this proposal, many countries are increasing incineration disposal, well combining it with
agricultural disposal or establishing incineration as a big future bet.
Moving to incineration: Cases in UK (2000)

20

Northumbria is commissioning a 5 t/h gasification plant, and in Yorkshire, 70% of current
sludge production can now be incinerated in four Fluidised Bed Sewage Sludge Incinerators
(FBSSIs) with design capacities of 26,400 tds/y (tonnes dewatered sludge per annum); 24,000
tds/y; 18,000 tds/y; and 15,000 tds/y.
The North West had a sludge production in 1997 of 65,000 tds/y, which is expected to increase
to 97,000 by 2001, and of this, it is expected that 38,000 tds/y will go to incineration. In Wales,
a gasification unit of 0.5 tds/y is currently being commissioned as a R&D project and the
intention will be to install further plants if the trial plant is successful. Meanwhile, Severn Trent
has commissioned two new incineration facilities with ratings of 15,000 tds/y and 40,000
tds/y.
Thames also have two new incinerators rated at 61,320 tds/y at 85% capacity and 118,260
tds/y at 66% capacity, while Southern Water incinerated 5,425 tds/y in 1997 of an annual
10,000 tds/y sludge production.
Farther afield, Northern Ireland is commissioning an incinerator rated at 23,000 tds/y and a
second is planned, with Scotland also currently looking at incineration.
3.3 Reutilization of sewage sludge in cement production
An attractive disposal method for sewage sludge is to use it as alternative fuel source in
cement industry. The resultant ash is incorporated in the cement matrix. In fact, several
European countries, like Germany, Austria and Switzerland mainly (see Table 5), have already
started adopting this practice for sewage sludge management. In Milano Sud and Merone,
Italy, for instance, the 90% sludge collected after thermal drying is used as a raw material.
Sewage sludge has relatively high net calorific value of 10-20 MJ/kg as well as lower carbon
dioxide emissions factor compared to coal when treated in a cement kiln. Use of sludge in
cement kilns can also tackle the problem of safe and eco-friendly disposal of sewage sludge.
The cement industry accounts for almost 5 percent of anthropogenic CO2 emissions
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worldwide21. Treating municipal wastes in cement kilns can reduce industry’s reliance on fossil
fuels and decrease greenhouse gas emissions.
The use of sewage sludge as alternative fuel is a common practice in cement plants around the
world, Europe in particular. It could be an attractive business proposition for wastewater
treatment plant operators and cement industry to work together to tackle the problem of
sewage sludge disposal, and high energy requirements and GHGs emissions from the cement
industry.
3.4 Landfill
The present European landfill Directive 99/31 has restricted this disposal, which was practically
abandoned in those countries where the implementation of the above criteria in national
legislations was very stringent (a limit of the organic carbon to 4-5% in the wastes to be
disposed off is fixed very stringent). Therefore, in the forthcoming years it is expected that in
Europe, at least for large wastewater treatment plants (WWTPs) the only possible solution for
sludge disposal will be transforming sludge into inert material by thermal processes.
At this regards, the vast majority of the countries in Europe have reduced or abandoned this
alternative, as it can see observed in the data collected in different WWTPs in Europe and
showed in the next table.
Table 4 - Data of disposal of sludge of some studied or visited European plants
Agriculture +
composting (%)

Incineration
(%)

Landfill
(%)

98
100
37
0
0
100
100
98
95
23

2
0
63
100
100
0
0
0
0
77

0
0
0
0
0
0
0
2
5
0

Marne Aval (France)

0

100

0

Köhlbrandhöft (Germany)
Simmering (Austria)
Bois-de-Bay (Switzerland)

0
0
0

100
100
100

0
0
0

Plant
Merone (Italy)
Carimate (Italy)
Milano Sud (Italy)
Parma Est (Italy)
Piacenza (Italy)
Mancasale, Reggio Emilia (Italy)
Bajo Iregua (Spain)
Arazuri (Spain)
Boadilla del Monte (Spain)
Seine-Amont (France)

More data collected from the visits to WWTPs are detailed in Annex I.
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4. ANALYSIS OF DISPOSAL ROUTES AND COSTS
The main disposal activities are agriculture and incineration. Costs in relation to these activities
are described below. Data have been collected mainly from visits to medium-size and large
WWTPs in Lombardy, Italy (Milano Sud, Carimate and Merone) and from MSc Thesis
(Malacrida, 2014)22.
4.1 Agriculture
The components of the cost of disposal of sludge handled directly by the producer consist of
the following:
- The cost of disposal in relation to the stages of loading, transport (hypothesis of
limited distances), distribution, plowing, operations usually made through authorized
transporters; indicative average assessment: 15 €/t of sludge as it is;
- Administrative costs for the operational management of the relationships with
farmers, periodic sludge and soil analysis, regulatory compliance; indicative average
rating: 4-6 €/t of sludge as it is;
- Additional costs for supplementary treatment (specific for the use of sludge in
agriculture), including the cost of chemicals, energy, depreciation for installing
additional equipment (mainly sanitation and storage); average rating indicative for
plants of a certain potential: 3 €/t of sludge as it is.
The overall average cost is reported to be about 22-24 €/t of sludge as it is. In case of
implementation of a system of environmental certification (EMAS, ISO 14001), the
commitments result in an increase in the cost to reach 30-35 €/t. This cost is limited and can
be reached if synergy is got between the management of the purification that produces sludge
and disposal activities managed in own.
The market price of disposal made by third parties (including transport) which has soil as its
final destination now ranges from 45 to 60 €/t of sludge as it is. These prices take into account
not only the cost of proper disposal, but also management and depreciation costs of an
industrial structure made specifically for this purpose. The activity can be technologically
complex as the sludge comes from several plants and any necessary treatment may have
diversified management problems. In the cost components, in some cases the compensation
required by farmers to make land available is not to be neglected.
The average value of disposal cost in agriculture in Lombardy was 90 €/t, taking into account
small WWTPs, up to year 2011. More recently, some large composting plants in Southern
Lombardy have doubled their treatment capacity and bids of different competitors have
lowered the price to as low as 47 €/t (Milano Sud and Milano Nosedo, totalling 2.2 million PE)
and 57 to 60 €/t in smaller plants in the Como area (Carimate, Mariano Comense, Merone,
Fino Mornasco and Como, totalling 400 000 PE).
The inputs of organic matter, nitrogen and phosphorus per hectare can be calculated in detail
on the basis of the analysis of the specific sludge, compared to usable quantities that can be
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extremely diversified as a function of the characteristics of the soil (mainly pH and CEC). For
example the current legislation in force in the Lombardy Region has a range of variability
between min and max 2.5-22.5 tDM/ha, where the highest values are permitted for sludge
from the agro-food sector and soils with optimum characteristics. The conditions that occur in
reality induce that rarely the doses applicable exceed 7.5 tDM/ha. These contributions allow a
saving, for farmers, on the costs of fertilization of the ground, as it reduces the use of chemical
fertilizers.
To get a rough idea of the savings, for a contribution of nitrogen of 340 kg/ha, which
corresponds to approximately 740 kg of urea, with a unit cost of 0.22 €/kg urea distributed,
the savings amount to about 163 €/ha. But it must be considered that only a portion of the
nitrogen content in the sludge results in the time available to the crops. Considering also the
contribution of phosphorus and potassium, more limited but non-zero, the savings of 163 €/ha
due to a lower or no chemical fertilization can be sufficiently reliable. Considering that one
hectare of cultivated land with maize makes approximately, sold as a finished product, 15001700 €/ha, the saving of fertilizer made possible by the use of sludge is on the order of 10% of
the value of the sold product. It should be noted that the chemical fertilizers, if exclusive,
affects approximately on 13%. As regards the addition of organic matter the benefit arising out
of the sludge is comparable to the use of manure. Finally, the use of a sludge having good
quality characteristics is convenient, being able to allow the substitution or restriction of
chemical fertilization. It is however convenient, although at a slightly lesser extent, compared
to the use of manure.
4.2 Incineration
The costs of drying treatments are of the order of 60-80 €/t of dewatered sludge. To
determine the cost of sludge combustion plant it is needed to consider the costs for:
-

Transport the sludge;
Storage systems;
Combustion chamber;
Fuel gas treatment and cleaning systems and waste treatment process;
Management, the personnel, the domestic consumption (for example consisting of
products used as reagents, electricity) and the taxes.

Given the variability of factors that enter in the definition of the cost of a thermal treatment
system, to assign a general value to these becomes difficult. An estimate of the costs of
incineration of sludge is above 220 Euro/ton of dry material 23 excluding taxes (varying
according to the location of the plant). This value includes the investment costs, the up-grading
of existing systems and the costs of management and storage of the waste in the landfill.
These costs are referred to units capable of treating from 2,000 to 5,000 tons of dry material
per year or, considering the water line that is upstream, from 200,000 to 800,000 people
equivalent. The investments grow for plants equipped with pre-drying and having complex gas
cleaning systems.
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The aspect of energy recovery is taking on a fundamental role in the economic and in the
environmental balance of a thermal treatment plant. Energy recovery allows reducing the use
of traditional fuels, mainly with a positive return in terms of environmental performance,
because, for the reduced size of a plant for combustion of sludge, it only makes little
convenience from an economic point of view.

4.3 Reducing costs of sludge disposal
In general, the cost for treatment plus disposal of sludge in European countries has been
estimated to reach, on average, approximately 500 € per metric ton of dry mass, according to
the type of treatment and disposal, but a further increase is expected in the near future. As a
consequence of the sludge production which is increasing, whereas disposal routes are
narrowing, is a progressive further rising in costs24. There are two aims with regard to sludge:
-

Recovery of energy or materials from sludge, if sludge is considered a resource;
Reduction of the amount of sludge produced, if sludge is considered waste.

4.4 Recovery energy and/or materials from sludge
On the one hand, from the point of view of energy balance, some European plants are trying to
recover some energy, taking the advantage of biogas production using anaerobic digestion.
Some examples are the WWTPs visited in Italy:
Table 5 - Examples of total energy consumption and recovery as a biogas use in WWTPs in Italy.

Plant
Merone
Carimate

Total energy
consumption
(kWh/year)
4.846.650
3.400.000

Energy consumption
sludge line
(kWh/year)
1.115.555
545.000

Biogas produced
(Mcal/year)
2.823.275
2.900.000

At this regards, under some conditions it might be possible to be energy self-sufficient as the
well known case of the waste water treatment plant at the Strass im Zillertal, Austria. Energy
conservation measures implemented at the Strass im Zillertal WWTP have resulted in an
annual net surplus of electrical energy of 8 percent, which is fed to the public electricity supply
grid. This is achieved by using a combination of efficiency measures and the use of extensive
energy recovery programs at the plant. Aeration requirements at the plant are minimized by
operating a two-stage activated sludge treatment system. The first stage operates at a high
food-to-microorganism (F/M) ratio and a short SRT of about 0.5 day, while the second stage
has a lower F/M and a target SRT of about 10 days. Pre-denitrification is also used prior to the
second stage of aerobic biological treatment to reduce the oxygen requirement. On-line
ammonia measurement is used to control the DO in each stage of the biological treatment
process. The WWTP achieves an annual average total nitrogen reduction of about 80 percent.
Solids from the first stage of the biological treatment plant have a high volatile organics
content, as most of the organic matter removed during this stage is by adsorption due to the
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very low hydraulic retention time of 30 minutes. The high volatile solids content results in a
high biogas yield from the digesters. The high gas yield is converted to electrical energy by a
CHP system, which is used to power the plant. The high efficiency co-generation engine
provides 340 kW of power, which resulted in 8500 kWh of electricity production in 2005, which
exceeded the plant energy demand of 7,900 kWh that year11.
On the other hand, another way to recover material from the sludge is to collect the ash after
incineration, and trying to sell them as cement kiln application. Nowadays, it results in an
expensive application, usually because of the high cost of the thermal drying processes and
transport costs from the treatment plant to the industry. A visited WWTPs in Italy is currently
using this application.
The next table collects a summary of a big part of the studied WWTPs in Italy, which shows
how energy consumptions and technology is used for obtaining an average of DS% around
20%. Volatile solid percentage (SV%) is showed in the table.
Table 6 – Summary of available data from WWTPs in Italy in relation to consumptions and dry
solids and volatile content percentage.

WWTPs:
MERONE
CARIMATE
MIRANDOLA
CARPI
MILANO SUD
MEDESANOFELEGARA
COLLECCHIOCapoluogo
FONTEVIVOCASE MASSI
LANGHIRANOCascinapiano
FELINOCapoluogo
PARMA EST
PARMA
OVEST
BORETTO
BOSCO
BRESCELLO
CADELBOSCO
GUASTALLA
NORD
GA n. 611593

52.6
60.3
75.0

4.846.650
3,400,000
--n.a.

Energy
consumption sludge
line
(kWh/year)
1.115.555
545,000
--887,036*

no

68.0

587,100

93,936

22.0

no

69.1

647,400

103,584

20.0

no

59.1

729,901

116,784

19.2

no

76.1

988,620

158,179

26.0

no

53.2

1,830,624

292,900

27.8

no

63.0

3,148,197

503,712

21.6

no

66.7

--

--

21.8
10.0
--

no
no
no
no

54.5
70.6
49.0
--

137,995
231,751
90,446
159,359

22,079
37,080
14,471
25,497

25.3

no

63.7

213,720

34,195

Dry
Thermal
content drying
(%DS)
(%SS)

Total SV
(%)

24.0
22.7
27.6
32.8
24.0

90
no
no
no
87

63.4

19.0

Total Energy
consumption
(kWh/year)
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GUASTALLA
-no
-336,840
SUD
LE FORCHE
26.6
no
65.0
624,195
LUZZARA
-no
-203,700
MANCASALE
28.1
no
53.0
5,972,302
MELETOLE
38.0
no
48.0
305,310
PRATICELLO
15.6
no
78.8
259,560
REGGIOLO
-no
-940,167
NUOVO
RIO DORGOLA
15.5
no
49.0
153,360
NUOVO
RIO SALICETO
20.3
no
73.4
218,220
RONCOCESI
22.4
no
67.2
5,970,923
ROTEGLIA
15.5
no
53.6
175,560
RUBIERA
29.4
no
70.5
2,051,680
SALVATERRA
26.9
-64.5
779,022
SAN
MARTINO
n.a
-n.a
524,179
NUOVO
*Excluding thermal drying.
-- Data not available
More data collected from the visits to WWTPs are detailed in Annex I.

53,894
99,871
32,592
955,568
48,850
41,530
150,427
24,538
34,915
955,348
28,090
328,269
124,644
83,869

4.5 Reduction of the amount of sludge
Both technical and legal aspects led to increasing importance of minimization quantity of
sludge outgoing treatment plants. This strategy has been recently supported by significant
economic reasons for plants’ operators as in typical municipal wastewater treatment plant
(WWTP) sludge treatment and handling costs are estimated as high as up to 60% of total
operational costs2.
The key mechanisms of sludge reduction, incorporated in wastewater treatment or sludge
disposal units, can be described as followed:






Cell lysis and cryptic growth,
Uncoupled metabolism,
Endogenous metabolism,
Microbial predation,
Hydrothermal oxidation.

The reduction of dry mass accompanied with an increase of biogas production via an anaerobic
digestion remains still valid in ordinary sludge management practices25,26

5. ESTIMATION OF THE POTENTIAL SAVINGS USING ELECTRO-DEWATERING
Thickening and dewatering processes remove water from sludge and biosolids, making them
easier and less expensive to further process and transport.
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It is well known that the original sludge from WWTPs usually has poor dewaterability.
Commonly, sludge conditioning by polymer addition and mechanical dewatering processes
such as centrifugation or the use of diaphragm filter presses or vacuum filters is usually
employed to increase the dewaterability of sludge. However, the efficiency of sludge
dewatering strongly depends on the polymer dosage and characteristics as well as the
characteristics of the sludge (i.e. WWTP Milano Sud, Italy). Moreover, mechanical methods
cannot reach a sufficiently high potential to drive the interstitial water through the very
narrow pore spaces; therefore, dewatering using mechanical means is extremely limited and
requires substantial further treatment (for more information, please refer to sesctions 2.8 to
2.10 in deliverable D2.1.).

Figure 5 – Dewatering techniques in WWTP Milano Sud (Italy)

5.1 Electro-dewatering
Electro-dewatering is a process in which a low direct current (DC) electric field is applied
through the sludge segment to cause an electro-osmotic phenomenon; that is, fluid flow in a
charged particle matrix. Electro-osmotic flow enhances extra water removal from sludge,
resulting in an increase in solids content of the final sludge cake.
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Figure 6 - Comparison between conventional dewatering and electro-osmosis dewatering
processes.
Application of electrical field significantly improved the dewatering performance in
comparison to experiments without electric field. Electro‐dewatering increased the DS content
of the sludge from 15% to 40% in non‐pressure applications and from 8% to 41% in pressure‐
driven applications. DS contents were significantly higher than typically obtained with
mechanical dewatering techniques in wastewater treatment plant27.
An example can be calculated in the case of thermal drying at Milano Sud WWTP, where a
saving of 50.000€ per 1%DS increase in dewatered sludge fed to a drying plant has been
estimated, starting from 20% DS after dewatering.
Playing with the data and doing a first estimation using the worst case scenario, the best case
and the more probable case it can obtain:
The worst situation:
-

It is possible to estimate the savings as 50.000€/year per 1%DS dry solids increase in
the range from 24 to 30% DS.
After that, from 30% DS to 35% DS the average savings is reduced to 30.000€/1%DS.
35% DS to 40% DS the average savings is reduced to 25.000€/1%DS.
From these data, the total savings by feeding 40%DM sludge instead of 20% DS would
be: 775.000€/year

The best situation:
-

It is possible to estimate a 50.000€/1%DS up to 25% DS.
After that, 25% DS to 30% DS the average savings is reduced to 30.000€/1%DS.
After that, 30% DS to 40% DS the average savings is reduced to 25.000€/1%DS.
From these data, the total savings for obtaining from 20 to 40% DS would be:
650.000€/year
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Average situation:
-

It is possible to estimate a 50.000€/1%DS at the beginning up to obtain about 27% DS.
After that, for obtaining from 27% DS to 34% DS the average savings is reduced to
30.000€/1%DS.
After that, for obtaining from 34% DS to 40% DS the average savings is reduced to
25.000€/1%DS.
From these data, the total savings for obtaining from 20 to 40% DS would be:
710.000€/year

Doing some estimations, using Beta distribution: 710.833 ± 20.833 €/year
As the total amount of wet sludge at 24% dry matter fed to the drying plant in Milano Sud is
about 18 kt/year, the application of an electro-osmotic machine which increases the dry solid
content from 24 to 40% would produce average savings of about 40 €/t of wet sludge (or
about 165 €/tDM at 24%).
Here, it is rescued again the affectivity in increasing the dried content of poorly dewaterable
sludge if sludge has higher VS/DM values.
In the case of agricultural re-use, an increase form 20% to 40% dry matter means to halve the
quantity of sludge to be hauled away, and this would reduce the disposal costs by 50%.

6. MARKET VOLUME OF DEWATERING SYSTEMS
The global municipal sludge equipment market is set to grow by 5.9% during the forecast
period, 2014 to 2019 – from $7.1 billion in 2011 to $9.2 billion in 201928. The strongest growth
will be in anaerobic digestion, which is set to reach a value of $1.3 billion by 2017. Thickening
and dewatering technologies will remain the largest investment area, reaching a value of $3.1
billion in 201729. Sludge dewatering market in Europe has been sized at $666.4 million in 2007
and has grown at a CAGR of 6.3 % until 2013 driven mainly by demand from southern and
eastern European countries.The major market driver for the growth of demand for equipment
is increased sludge production as well as increasingly strict EU sludge management
legislation30.
As the market for dewatering equipment is becoming more mature and consolidated in major
Western European countries, the preference for equipment is tending more towards advanced
and innovative solutions that can bring multiple benefits such as reduced costs of dewatering,
high dewatering output and so on31. At this regards, electro-dewatering systems might have a
relevant importance during this process due to the next two aspects among others:

1. Dewatering system might be more demanded during the next years in Europe due to the
Waste Framework directive (WFD: Directive 2008/98/EC of the European Parliament and of
the Council of 19 November 2008 on waste and repealing certain directives). In this, one of
the most relevant issues regarding environmental impacts is that it opened the incineration
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market at a European level. This means that the evaluation of the needs of incineration
capacity can be assessed at a European level, and that transport of waste between
countries is allowed without notification provided that they are treated in waste
incineration facilities that can be considered as energy recovery installations according to
the efficiency formula set in the Directive32.
This opens the door to the construction of new incineration plants in countries that already
have a high share of waste incineration, and can have a negative effect on the achievement
of high recycling rates. However, using more efficient dewatering processes as electrodewatering processes the expected recycling rates could be improved.

2. Recycling the sludge in agriculture is the most cost-efficient solution in many European
countries. However, as it was commented before, some costs might be reduced due the
high transport costs, nowadays. Then, another possibility for demanding more efficient
dewatering systems it is founded here, increasing the dry solid content in the sludge it is
possible to reduce transport costs due to the loss of weight on the sludge.

Dewatering technologies in Europe are going to a big development and the next years it is
expected to invest in more efficient and reduced costs in the current facilities in the European
WWTPs.
All these figures permit to establish that the market volume to which SludgeTreat project is
targeting; that is to say dewatering systems in the EU zone, shall be exceeding $1 Bn / year
over the next decade. Gaining only 1-2% of this market would represent an enormous business
opportunity for an SME such as AST and Flubetech, with potential new incomes of around 10
M€/year.

7. CONCLUSIONS
Incineration is a promising disposal for reducing and recycling sludge from WWTPs in Europe.
Therefore, incineration controls nowadays, permit to reduce toxic emissions doing the activity
friendly environmentally.
Incineration might reduce sludge at about 90% DS sludge which might be reused as a fuel or
raw material in a cement industry.
Incineration is an expensive disposal, but for reducing costs and save energy, there are some
alternatives as:
-

Produce biogas from anaerobic digestion, and use this energy for thermal or electrical
energy.
Use of more efficient dewatering processes, using electro-dewatering. The dry matter
after dewatering processes might achieve about 40-45%, instead 20-25% DS which is
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reached in the normal WWTP in Europe. This will introduce an important reduction in
thermal energy during incineration stage, introducing as a consequence an important
reduction in incineration costs.
Electro-osmosis dewatering can increase DM content in sludge from 20-25% up to around 4045%, and saved costs might be very interesting for European WWTPs, in both cases of
agriculture or incineration disposal routes.
In the first case, savings are related with the reduced amount of sludge to be transported and
disposed of and in the second case the savings will be mainly related to the lower energy
requirement for drying.
Advanced electro-dewatering technology will therefore bring remarkable savings in sludge
disposal, for saving not only energy or money, but also achieving more environmentally
friendly European WWTPs.

GA n. 611593

Page 27 of 29

D2.2- Preliminary market analysis
Dissemination level: PU

REFERENCES
1

http://www.finnishwaterforum.fi/sitenews/view/-/nid/1651/ngid/1. Finnish water Forum, (2015).

2

M. Cimochowicz-Rybicka, Sewage sludge mass minimization technology - from legislation to
application, Environment Engineering IV; London, UK: Taylor & Francis, pp.167-171, (2013).
3

Canziani R. (2011) Italy, in: Wastewater Sludge: a global overview of the current status and future
prospects. 2nd Edition, IWA Publishing, London, pp. 15-20. ISBN 13: 9781843393887
4
A. Kelessidis, A. S. Stasinakis, Comparative study of the methods used for treatment and final disposal
of sewage sludge in European countries, Waste Management 32, pp.1186–1195, (2012).
5

Y. Wei, Renze T. V. Houten, Arjan R. Borger, Dick H. Eikelboom, Yaobo Fan, Minimization of excess
sludge production for biological wastewater treatment, Water Research 37, pp. 4453–4467, (2003).
6

G. Mininni, CNR-Istitut di Ricerca Sulle Acque, Roma, ROUTES Project

7

http://www.eea.europa.eu/data-and-maps/uwwtd/interactive-maps/urban-waste-water-treatmentmaps
8

www.frost.com

9

E.A. Müller, F. Schmid, B. Kobel, Activity energy in WWTPs“ – 10 years of experience in Switzerland,
53/8, pp. 793-797, (2006).
10

E.A. Müller, B. Kobel, Energy-analysis at utilities in Nordrhein-Westfalen representing 30 millions PE –
energy-benchmarking and saving potentials, 51/6, pp. 625-631, (2004).
11

S. Lindtner, T. Ertl, OEWAV-Wastewater-Benchmarking – Field Report, 58/5-6, a16-a18, (2006).

12

Water Environment Research Foundation Sustainable Treatment: Best Practices from the Strass in
Zillertal Wastewater Treatment Plant. Case Study. WERF Project OWSO4R07b.
13

Commission of European Communities. Council Directive 86/278/EEC of 4 July 1986 on the protection
of the environment, and in particular of the soil, when sewage sludge is used in agriculture.
14

Commission of European Communities. Council Directive 99/31/EC of 26 April 1999 on the landfill of
waste.
15

Commission of European Communities. Council Directive 91/156/EEC of March 1991 amending
Directive 75/442/EEC on waste.
16

M. Lundin, M. Olofsson, G. Pettersson, H. Zetterlund, Environmental and economic assessment of
sewage sludge handling options. Resource Conservat Recycl, 41, pp255–78, (2004).
17

D. Fytili, A. Zabaniotou , Renewable and Sustainable Energy Reviews 12, pp. 116–140, (2008).

GA n. 611593

Page 28 of 29

D2.2- Preliminary market analysis
Dissemination level: PU
18

R. Salado, Environmental, economic and social impacts of the use of sewage sludge on land, European
Commission, (2008).
19

Directive 2000/76/EC of the European parliament and of the council of 4 December 2000 on the
incineration of waste (2000).
20

G. Hand-Smith, Sludge disposal: the future of high-tech sludge incineration, wastes management, pp.
41-42, 1999.
21

D. Lechtenberg, Use of Sewage Sludge in Cement Industry, Solid Waste Management, Waste-toenergy , (2014).
22

W. Malacrida: Optimization of the treatment and disposal of sewage sludge in the ATO of Como:
options and scenarios assessment, MSc. Thesis (in English), Supervisor prof. R. Canziani, Politecnico di
Milano, 2014.
23

IRER Sostenibilità ed evoluzione tecnologica nel sistema di depurazione lombardo: il riutilizzo delle
acque reflue e dei fanghi di depurazione Volume 2: Utilizzo razionale e sostenibile dei fanghi di
depurazione, Report IReR (2007).
23

P. Foladori, G. Andreottola, G. Ziglio, Sludge Reduction Technologies in Wastewater Treatment Plants,
IWA Publishing, London, UK, (2010).
25

S.M. Rybicki , Specific impact of enhanced biological phosphorus removal on fermentation gas generation, Environment Engineering IV; London, UK: Taylor & Francis, pp.135-141, (2013).
26

G. Zhang, P. Zhang, J. Yang, H. Liu, Energy-efficient sludge sonication: Power and sludge
characteristics, Bioresource Technology, vol.99: pp.9029-9031, (2008).
27

P. A. Tuan, Thesis: Sewage sludge electro-dewatering, Lappeenranta University of Technology, (2011).

28

http://www.bccresearch.com/pressroom/env/global-market-for-sludge-treatment-and-odor-controlto-reach-9.2-Billion-by-2019
29

http://www.wwdmag.com/trends-forecasts/sludge-management-equipment-market-reach-99billion-2017
30

http://www.frost.com/prod/servlet/market-insight-print.pag?docid=100913681

29

http://www.prnewswire.com/news-releases/huge-growth-potential-for-the-european-sludgedewatering-equipment-market-58027587.html
32

M. Jofra, Incineration overcapacity and waste shipping in Europe: the end of the proximity principle?,
Global Alliance for Incinerator Alternatives, Fundació ent, (2013).

GA n. 611593

Page 29 of 29

