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in times of oil supply emergencies. As energy markets have changed, so has the IEA. Its 
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The IEA conducts a broad programme of energy research, data compilation, publications 

and public dissemination of the latest energy policy analysis and recommendations on 
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1. Executive summary 

Only little results are reported from industry and research within drying of sludge. This can 

be an indication of a rather low activity in the field. Mechanical dewatering of sludges 

however is represented by several works, including sludge treatment to reach higher final 

d.m. contents.  

There was a presentation from the cement manufacturing industry on using sludges as a 

fuel. The sludge is first dried in waste heat from the kiln and then co-incinerated with other 

fuels in the cement kiln. The organic compounds are burned to release energy and the 

inorganic like heavy metals are incorporated into the cement with usually no negative 

effect on the cement quality. These are new process lines and they meet every directive and 

emission limits. Sludge drying in waste heat from biogas engines and waste heat from 

power plant are looked into by the same group. 

Two presentations were given on Super Heated Steam Dryers: SHSD. These were general 

presentation of the benefits of this technology, but also plants where sludge is dried in 

SHSD were mentioned. The figure of 100 industrial SHSDs in operation was given. The 

main benefits of these dryers for sludge drying are: 

 Energy consumption reduced by 50-75 % 

 Fire and explosion risks are eliminated 

 The odour emissions are eliminated 

 The higher heat transfer abilities and vapour transport compared to air gives smaller 

sizes drying chamber 

A presentation was given by a Swedish dryer manufacturer specializing in SHSD. 

One presentation was given on pre-treatment of the sludge to improve its drying behaviour: 

by liming. Both pre(dewatering)- and post liming was tested. Both methods gave higher 

drying rates and preliming was best: 52 % higher drying rates.. Higher drying rates gives 

shorter dryer residence times and this can be utilized to reduce the energy consumption. 

Some interesting figures regarding drying and energy use in sludge handling can be 

mentioned: 

 

 The number of sludge dryers operating world wide is said to be 800-1000 

 The number of sludge dryers in France is 60 

 Sludge disposal to the sea was banned in the EU from 1998 

 The total cost to operate filter press is ca Euro 100-280/ton d.m. This figure can be 

related to the cost of drying. Typical for filter presses and maybe decanters is that 

ca 50% of the operating costs comes from consumption of polymers/flocculants 

 

Several presentations were given on improvements in dewatering processes, mostly 

mechanical. This is also important in the picture of sludge handling and energy use. These 

are some of the projects presented with promising results for reduced energy need or 

higher obtained d.m. content: 
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 Heat- and/or high pressure treatment of the sludge before dewatering resulting in 

d.m. content from a filter press above 50 % 

 Freezing of the sludge before filter press dewatering. Some improvement in d.m. 

reported, more for the slowly frozen sludge than the quick frozen. Cell wall 

destruction is a probable cause for more “moveable” water. 

 A presentation was given on mechanical dewatering of harbour sediments by filter 

press. The resulting d.m. content was very high: up to 60-62%. Tests were run 

using renewable and lower cost flocculants like cationic starches. The high 

percentage of d.m. may not be transferable to more ordinary sludge treatment plants 

where the d.m. content in reject water need to be low. 

 A presentation was given on preliming of sludge for centrifuge dewatering. A 

special “delayed reactivity lime” was used and 3-8% increase in d.m. content 

achieved.  
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2. Summary of the papers 

Saveyn et al. [1] presented results for treatment of sludge with the objective to increase 

dewatering as well as converting the organic matter into a more easily biodegradable form. 

The process is called hydrothermal conversion implying that the sludge is heated and 

pressurised to sub- or supercritical conditions. 

Saveyn et al. [1] used sludge from a Belgian wastewater treatment plant that were 

subjected to temperatures between 150 and 240 °C (corresponding to saturation pressures 

of about 500 and 3300 kPa), different pHs and treated with addition of hydrogen peroxide 

as an oxidizing agent. The dewatering capability was measured in a filter press at 400 kPa 

and 1000 seconds. 

The dry matter content for untreated sludge varied between 15 and 22 % while for treated 

sludge it reached values of over 50 % dry matter content for high temperatures, see Figure 

1. It can be mentioned that an increase in dry matter content from 15 to 50 % means a 

removal of 82 % of the initial water content. 

 

 
Figure 1. Dry matter content for untreated and treated sludges. 

Further the volume of the sludge decreased by a factor of between 5 and 10 resulting in 

decreased costs for disposal and transportation of the product. The concentration of organic 

substances in the filtrate increased significantly indicating that this stream must be treated 

more rigorously in a different waste water treatment plant. 

The energy requirements for the process were discussed in the paper. The following 

calculations give an estimate of the electrical and thermal energy requirements for the 

process: 

Pumping water from 100 to 3300 kPa 4 kJ/kg electrical energy 

Heating up water from 20 to 240 °C 954 kJ/kg thermal energy 
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If 75 % of the thermal energy can be recovered by preheating the ingoing and outgoing 

streams, the net thermal energy use will be 239 kJ/kg. This is definitely a more energy 

efficient alternative compared to drying with a thermal energy use of at least 3000 kJ/kg of 

evaporated water. 

The authors claim that the process produced an oily phase with a calorific value of 31.1 

MJ/kg which could be extracted with an organic solvent. This can be compared with the 

calorific value for the sludge which was given as 14.3 MJ/kg dry matter. About 30 % of 

the calorific value of the sludge was converted to the oily phase which could be used for 

heating the process. 

The main conclusion that can be drawn from the paper is that very significant 

improvements in dewatering can be achieved but also that the process requires a number of 

process steps for a successful implementation. 

In a second paper Saveyn et al. [2] used a quite different approach, instead of heating up 

the sludge, the sludge was cooled below zero degrees centigrade in order to destroy the 

cellular structure of the sludge and thus make it more easy to dewater. 

The sludge samples were taken from a waste water treatment plant in Belgium and cooled 

in three different ways; in a commercial freezer, in a glycol bath or in liquid nitrogen. After 

the freezing the samples were thawed overnight at 4 °C and the dewatering measured as 

reported above in the previous paper by Saveyn et. al [1]. Some results are shown in Figure 

2. 

 

 
Figure 2. Dry matter content for different methods of freezing the sludge. 

Freezing and thawing the sludge resulted in an increase of dry matter content from 35 to 

between 40 and 48 %. The best result was obtained for the slow freezing method using 

glycol at -5 °C. Long storage times (up to 96 hours were tested) resulted in the largest 

improvement in dewatering. 

Saveyn et al. [2] calculated the demand for electrical energy in the compressor for the 

cooling process to be 54 kWh per ton of treated sludge. With the present prices for 

electricity in industry in Sweden (about 0.05 Euro/kWh) this would roughly correspond to 

a cost of 2.7 Euro per ton of sludge. 

The authors stated that a depreciation time of 2 years can be achieved with the proposed 

process. 
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It is obvious that cell disrupting techniques can be of interest to improve the dewatering of 

the sludge. One non-thermal process which has been applied with good result is to 

homogenize the sludge at high pressure (between 100 and 1000 bars) in a homogenizer. 

 

Sion and Vriens [3] from the Waterleau company in Belgium present a good overview 

about the different alternatives that can be used for the treatment and dewatering of sludge. 

A general scheme of different alternatives are shown in Figure 3 (Note that the names refer 

to commercial equipment marketed by the Waterleau company). 

 

 

Figure 3. Dry matter content for untreated and treated sludges. 

The water in the sludge can be present as free water, as capillary water or as adsorbed or 

intracellular water, see Figure 4. Clearly the free water is more easy to dewater than the 

intracellular water. 

 

 

 
Figure 4. Location of different forms of water in sludge. 

 



 

International Energy Agency 

Industrial Energy-related Technologies and Systems (IETS) 

- 6 - 

The indirect sludge dryer from this company is called PuttArt® and a typical flow-sheet 

for such a dryer is shown in Figure 5. 

 

 

 
Figure 5. Typical flow-sheet for a sludge dryer from Waterleau. 

A number of drying and incineration alternatives are presented in the paper, the energy 

figures for a sludge dryer heated with fossil fuel are presented in Figure 6. 

 

 

 
Figure 6. Energy and mass balances for a sludge dryer from Waterleau. 

 

The effective thermal value for a sludge can be calculated from the general formula: 
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)FH94.8)F1((hH)A1)(F1(H vapcaleff  (1.1) 

where: 

F is the moisture ratio in the sludge, kg water/kg sludge 

A is the amount of ash in the sludge, kg ash/kg dry matter 

H is the amount of hydrogen in the sludge, kg hydrogen/kg dry matter 

 

Neglecting the ash and the hydrogen contents, the effective thermal value for a sludge with 

a dry matter content of 25 and 33 % can be calculated as: 

25 % dry matter content (F=0.75) Heff = 1.7 MJ/kg 

33 % dry matter content (F=0.67) Heff = 3.0 MJ/kg 

The excess energy supplied with the sludge at a dry matter content of only 25 % is not 

large and data in Figure 1.6 indicate that external energy will be needed to operate the 

process. Using the data in Figure 1.6, the external fuel requirements can be calculated as 

3300 kJ/kg evaporated water. 

 

Theulen and Gastout [4] from Heidelberg Cement propose to burn the sewage sludge in the 

cement kiln, see Figure 7. Before burning the sludge is dried using the hot exhaust gases 

from the kiln thus saving energy for this operation. 

 

 
Figure 7. Drying and burning sludge at the Schwenk Zement factory in Germany. 

The organic compounds are burned and the released energy can replace other fuels in the 

cement kiln. If fossil fuels such as oil, coal or gas are replaced this will also contribute to a 

reduction of the CO2-emissions. According to the authors directives and emissions limits 

for the incineration of waste are fully respected. 

The inorganic compounds such as heavy metals are incorporated in the cement and 

normally the quality will not be negatively affected. 

Other alternatives that were mentioned by Theulen and Gastout [4] is to integrate the 

sludge drying process with the exhaust gas from a biogas engine or to use waste heat from 

a power plant. 
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Permuy et al. [5] from Sistemas de Transferencia de Calor in Spain propose to integrate 

their sludge dryer with other industrial processes using low temperature sources of energy. 

However, the example shown in the paper is to integrate the sludge drying process with a 

cement manufacturing process, similar to Theulen and Gastout [4]. 

 
P. Arlabosse describes in (6) a research work on modelling of drying kinectics with 

emphasis on sludge and pasty materials. The work was focused on the heat flux from the 

heated walls of the dryer to the wet product. The inverse of the heat transfer, the resistance 

to heat transfer, was used in the equations for modelling. It was split in two parts: 

 

- at the interface between the dryer wall and the product and 

- in the product, considered as a homogeneous medium with effective properties. 

 

 

 
Figure 8. Illustration of the penetration theory 

 

A „penetration model‟ was adopted for modelling: the sludge being considered or 

simplified to a homogeneous medium of equal sized particles as seen in Figure 8. For a 

small period of time this medium is static and the layer of particles closest to the wall of 

the dryer is being heated above 100 ºC and dried. The following short period is 

characterized by a random particle movement and dried and wet particles will become 

homogeneously mixed. Thus in the following static period, only a fraction of the particles 

at the heated wall will absorb heat for water evaporation/boiling. This model will then 

easily fit the measured heat flux density as in Figure 9.  

 

 
Figure 9. Evolution of the interfacial heat flux density during indirect drying by 

boiling. Thin film drying of aluminium sludge. 
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The computed thermal resistance as it develops from start of drying was compared to 

measurements made in the lab. For this purpose a special lab equipment was made. The 

most difficult task is to find the wall temperature at the contacting point with the material 

to be dried, without disturbing the interface between wall and product. A thermocouple 

was positioned 1 mm inside the copper wall. The novel method of IHC Inverse heat 

conduction was used to calculate the wall temperature. 

 

This work focused on paddle dryers and thin film dryers. The effectiveness measured by 

the heat transfer coefficient is more related to the size of the equipment than the energy 

use. This work is a valuable addition to the continuous work going on to improve heat 

transfer and therefore drying rates pr. m
2
 of heated surface to minimize dryers size and 

costs. This can also be used as a computing tool in optimizations for lower air flow rates in 

conduction dryers. 

 

In the introduction in (6) Arlabosse writes that there are 800 sludge dryers in operation in 

the world with a total capacity of 1500 t/h. She also mentions that sludge dryers are 

adopted from more conventional designs used in the food, chemical and pharmaceutical 

industries and that “adaption of existing technologies is not straightforward owing to the 

pasty consistency of the sludge associated to a high initial moisture content”. Super Heated 

Steam (SHS) dryers are mentioned here as very effective since heat transfer resistances are 

very small.  

 

Dewil et al. (7) gives a review of the evaluation process prior to determining the best 

choise for combustion option in a major UK paper manufacture plant. Three alternatives 

are evaluated: 

- Bubbling fluidised bed BFB 

- Circulating fluidized bed CFB 

- Grate or spreader stoker 

 

The 3 alternatives are evaluated for technical, environmental and economical factors. 

Based on this evaluation a combined heat and power pland including a BFB incinerator is 

being installed in 2008-2009. The incinerator capacity is 125 MW heat. The fuel is a 

mixture of  wood, wood bark and sludge from the paper mill effluent water treatment plant. 

The sludge consists of organic fibres and mineral pollutants (fillers e.g. kaolin and 

limestone). 
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Table 1: Characteristics of feedstock for the existing CFBC at UPM. For the new installation, coal 

will be replaced by wood chips. 
 

Parameter Coal Wood bark Sludge 

Moisture content (%) 15.1 – 15.8 55.7 – 64.4 52.6 – 60.0 

Ash content (wt.% dry) 7.7 – 9.2 0.2 – 0.3 7.0 – 22.9 

Particle size (mm) 0 – 3 Up to 10 < 3 

Volatiles (wt.%) 31.1 – 31.6 30.1 – 35.6 21.4 – 28.5 

C (wt.%) 60.1 – 62.1 17.8 – 22.3 10.3 – 15.7 

H (wt.%) 4.22 – 4.25 1.11 – 2.72 1.39 – 2.09 

S (wt.%) 0.58 – 0.59 0.02 – 0.05 0.05 – 0.06 

N (wt.%) 1.26 – 1.35 0.04 – 0.17 0.05 – 0.09 

O (wt.%) 8.92 – 8.97 16.42 – 18.82 12.71 – 15.13 

Cl (wt.%) 0.02 – 0.04 0.01 0.01 – 0.02 

Fixed C (wt.%) 44.0 – 45.7 5.3 – 8.4 5.3 – 8.4 

GCV (MJ/kg) 24.8 – 25.6 6.93 – 9.53 3.27 – 6.11 

 

The construction and operation of each of the 3 types of incinerator is described in this 

paper and they are compared to each other regarding these important issues: 

- flow of solid fuel 

- combustion zone 

- mass transfer in the combustion chamber 

- controllability of combustion 

- low excess air combustion 

- applicability to various fuels 

- fuel pre-treatment 

- appropriate facility size 

- estimated emissions (NO2, SO2, PM 10, HCl) 

- cost devided into investment , service/maintainance, reagents, by-product disposal 

and utilities) 

 

The BFB was found to be the best choice. A bubbling fluidized bed reactor was described 

in Fluent 6.2 and simulations run to study temperatures. Highest temperature was found at 

the secondary air inlet 5 m above the nozzle plate; 1175 °C. The temperature profile was 

used to calculate NOx production. 

 

J.P. Chabrier gives the consultants point of view on sludge dryers in (8). He gives some 

information on the general/global situation on sludge management: The EU banned 

disposal to sea in 1998. Different crises in agriculture have influenced sludge treatment and 

end use. He states that more than 1000 sludge driers are operating or being installed 

globally. France strted drying of sludge rather late and now (2008) 60 dryers are in 

operation. 

 

In (9) C. Műnter gives an introduction to the benefits of a Swedish manufactured 

superheated steam dryer: the Exergy Dryer. The Exergy Dryer is a type of flash dryer with 

short residence time, around 5 s. It is best suited for small particle drying media or 

pasty/liquid media that can be mixed with dried product. Műnter describes the process for 

a Exergy Dryer for sludges: Wet (mechanically dewatered) sludge is pumped to a mixing 

container inside the dryer. A part of the dried product is mixed with the wet sludge to a 

resulting d.m. content of 60-70 %. This mix is fed into the drying chamber, being 
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conveyed with the flowing super heated steam for about 5 s before being separated from 

the stream in a cyclone. 

 

 
 

Figure 10. Principle of the Exergy Dryer. 

 

The water in the product will generate excess steam which is transported out of the super 

heated steam closed loop. The excess steam has pressure of 0.5-4 bar (g) and can be used 

for electric power generation of heating purposes. About 90 % of the energy used for 

drying can be recovered from the Exergy Dryer. Drying in a closed loop of steam 

atmosphere eliminates fire and explosion risks and odor and dust emissions. The dried 

product is sterile with no microbial activity. It is an excellent fuel with heat value normally 

around 10 MJ/kg d.m. This is more than the required heat for drying from 25 to 90 % d.m.  

 

 

 
 

Figure 11. The Exergy Dryer in a sludge management plant. In the example excess steam 

is used for district heating. 
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In (10) van Deventer gives a review on possibilities, advantages, relative energy need and 

advantages for super heated steam drying in general: He lists several advantages of  SHSD: 

 

1. Faster drying 

2. Energy saving 50-75 % 

3. Reduction of emissions: a) smell, dust, b) concentrated in condensate 

4. No oxidation 

5. No fire and explosion risk 

6. Controlling product quality 

7. Combination with sterilisation 

8. Drying in a controlled atmosphere 

 

The bold script indicates advantages that are very important with sludge drying. 

 

 
Figure 12. Schematic outline of the steam circuit of a SHSD indicating 2 

possibilities for external use of the excess steam: direct and indirect. 

 

In this paper van Deventer writes that more than 100 industrial scale SHSD are realised, 

mainly for bulk product, 18 products are listed and among them we find tyhese: sewage 

sludge, manure, biomass, waste and other slurries, wood chips and filter cakes. 

 

Huron et al [11] presented results about the effect of liming on the resulting drying 

behaviour of residual sludge. Liming is a widely used stabilization method which can be 

performed before or after the dewatering step. For pre-liming, lime is combined with other 

conditioners in order to enhance dewatering while for post-liming, lime is mixed with the 

sludge cake. Even though the texturing effect of liming is well known, especially for land 

spreading purposes, its impact on a subsequent drying operation had never been deeply 

investigated up to now.  

 

Huron et al. [11] studied the impact of the type of liming process, i.e., pre- and post-liming 

and of the lime dosage on the drying kinetics. Experiments were carried in a discontinuous 

convective pilot scale dryer, in which the sludge lies in the form of a fixed bed of 12 mm 

diameter extrudates. Air at 130°C, with a superficial velocity initially fixed at 1 m/s, at 

ambient humidity was used.  

 

The work showed the positive effect of lime addition on the urban residual sludge 

convective drying kinetics. An increase of the mean drying rate, and consequently, a 

decrease of the required drying time were observed, whatever the sludge origin. Moreover, 
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better results were obtained with pre-limed than with post-limed sludge‟s. An increase of 

the specific evaporation capacity of about 18% and 15% was observed for post-limed 

samples, while an increase of about 52% was observed with pre-liming. The consequence 

is a reduction of the required drying time, thus reduced energy consumption.  
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Figure 13. Influence on pre- and post-liming on sludge drying kinetics 

 

Concerning the dosage, it seems that there exists a threshold from which lime addition 

improves sludge drying, especially in the case of post-liming. This works also reports the 

negative impact of sludge destructuring owing to pumping. The experimental results were 

explained by the textural characterisation of the samples by penetrometry. Liming 

increases sludge cohesion while pumping increases sludge adhesiveness. An increase of 

the cohesion will accelerate the drying process by improving the extrudates bed 

permeability, and consequently the exchange area available for heat and mass transfer, 

while an increase of the adhesiveness will slow down the internal transport of water. A 

minimum dosage of lime was found to be required to reach the level of cohesion allowing 

an expansion, and consequently the enhancement of the permeability, of the extrudates 

bed. 

 

Mamais et al. [12] compared belt filter presses and centrifuges dewatering techniques 

based on data obtained from the laboratory and from two different size wastewater 

treatment plants (10000 and 130000 PE) located in Greece. In filter presses, the flocculated 

sludge is first dewatered under gravity and then squeezed between two belts. After 

dewatering, typical solids content between 15 and 25% are achieved, for a feeding content 

of about 2 to 5%. Centrifuges compared to belt filter presses offer some advantages such as 

smaller footprint, more efficient odour and aerosol control during the dewatering process, 

fewer and less frequent cleaning requirements, lower water consumption and often a higher 

cake solids content. However these advantages over belt filter presses come at higher 

capital cost and higher power consumption. In addition belt filter presses operation is 

quieter and has lower maintenance skill requirements. As the choice between the two 

technology is not easy and should be done on a case by case basis, taking into account 

many factors (plant size, sludge characteristics, sludge disposal and energy costs, labour 

cost, additional sludge treatment, …), Mamais et al. [12] evaluated the two dewatering 
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techniques in parallel. Table 2 shows the technical characteristics of the full scale belt filter 

presses and centrifuge that were studies in the two WWTP.  

 

Table 2. Technical characteristics of the full scale belt filter presses and centrifuge 

Parameter Centrifuge Belt filter press of 

Volos WWTP  

Belt filter press of 

Lavrio WWTP  

Supplier Pieralisi 

FP600 2RS 

Sernagioto 

BPF 2000 WRU 

Krüger 

Maximum capacity, 

m
3
/hr 

9 m
3
/hr 40 m

3
/hr 16 m

3
/hr 

Years in operation 4 10 11 

Power requirements, 

kW 

11 9,1 7,1 

 

The optimum polymer dosage was evaluated through laboratory tests (based on CST) using 

5 different cationic polymers. For both sludges, this value was ranging between 4 and 8 g 

polymer / kg DS. The same polymer gave the best results. This latter was used on the 

industrial site within a decanter centrifuge that has been installed and operated in parallel 

with the existing belt filter presses; However the polymer used with the belt filter presses 

was taken as the one used by WWTP operators and not the one selected at the lab level. 

 

For the largest WWTP (130000 PE) Mamais et al. [12] found no significant solids content 

in the sludge cake obtained with the two dewatering technologies, they were close to 22%. 

However measurement of the centrate total solids concentration showed that a higher 

solids capture was realised with the centrifuge. Consumption of polymer was 25% higher 

with the belt filter press. For the small WWTP (10000 PE), the centrifuge allowed to reach 

a solids content close to 22%, while only 17% was achieved with the belt filter. The 

polymer dosage was also 25% for the centrifuge. High solid capture was obtained with the 

two systems.  

 

Based on the results, the authors performed an economic evaluation of both dewatering 

technologies. The total costs estimated on a yearly basis are shown in Table 3. The 

polymer represents more than 50% of the total cost for sludge dewatering and disposal. For 

both WWTP, the annual global cost was higher for the belt filter press (106 – 147 €/ton 

DS) than for the centrifuge (82 – 114 €/ton DS) even if the capital cost is initially higher 

for this latter. The long term operations and maintenance costs of the centrifuges were 

significantly lower. Nevertheless, in term of energy consumption, the power requirements 

are 4 to 5 times higher for the centrifuge. 
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Table 3. Annual sludge dewatering total costs (capital and O&M costs) in € 

Annual costs  Medium – Large size WWTP Small – Medium size 

WWTP 

Belt filter press Decanter centrifuge Belt filer 

press 

Decanter 

Centrifug

e 

50 hrs  

/week 

100 hrs  

/week 

50 hrs 

/week 

100 hrs 

/week 

30 hrs 

/week 

30 hrs/ 

week 

Capital cost,  € 11583 23167 15959 31918 5457 11120 

Chemicals, € 25724

2 

257242 195149 195149 35171 26522 

Water consumption, € 22176 22176 53 53 4752 53 

Power, € 2883 2883 14256 14256 675 2851 

Labour, € 47520 23760 23760 11880 14256 7128 

Maintenance, € 4500 7700 3100 6200 1060 2500 

Centrate /filtrate 

treatment, € 

23319 23319 6088 6088 5366 1378 

Sludge disposal, € 10560

0 

100800 105600 100800 16958 13104 

Total Cost, € 47482

3 

465846 359165 366403 83695 64657 

Total Cost, €/ton DS 108 106 82 84 147 114 

 

 

Sievers & Niedermeiser [13] studied the mechanical dewatering of harbour sediments. The 

aim is to reach above 60% of solids content for further valorization in construction. They 

proposed to replace the synthetic flocculants presently used for dual flocculation (cationic 

and anionic polymers) by flocculants based on renewable materials. The authors tested 

different cationic starches. They obtained similar results than with the previous cationic 

synthetic polymer but using only a half dose. The subsequent treatment of this starch-based 

thickened sludge in a filter press gave the same dewatering efficiency as for the dual 

flocculation with synthetic polymers (62.2 to 61.9 % TS). Due to lower costs of starch 

product compared to synthetic product, the substitution by starch seems to be realistic. 

 

Berbers [14] presented a centrifuge pre-liming process enabling the use of quicklime for 

sludge conditioning in centrifuges. Pre-liming is usually not applied in centrifuge 

processes, because organic conditioners (usually cationic polymers, sometimes anionic or 

non-ionic polymers) used to facilitate liquid-solid separation would be destroyed 

(hydrolysed) by the high pH conditions resulting from lime addition. 

 

Berbers [14] reported on the use of a proprietary delayed reactivity lime called 

CODECAL
®
, added as a powder. The delayed reactivity postpones temperature and pH 

increases which are responsible for the sludge destructuration resulting in a relatively low 

DS pasty dewatered material. This delayed reactivity lime is obtained by partial hydration 

of quicklime in specific conditions. When adding water to this lime, real hydration starts 

only 10 to 15 minutes later. When hydrating with water contained in liquid sludge, this 

delay can even be extended up to 120 minutes, depending on sludge characteristics. 
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Berbers [14] also presented the feedback of long term pilot tests performed on a large 

range of centrifuge applications: 

- in industrial and municipal WWTP‟s 

- in small (< 50.000 PE) and large (> 300.000 PE) WWTP‟s 

- with highly organic (> 80%) and mineral sludge‟s  

 

In all cases, pre-liming with the delayed reactivity lime resulted in a perfect clarification of 

centrates and an improvement of the sludge structure and homogeneity. A 3-8% increase of 

DS content was obtained, compared to standard centrifuge process with an equivalent 

addition of quicklime in post-liming. 

 

Berbers [14] ends his paper by an evaluation of a full scale implementation of the 

centrifuge pre-liming process at an urban WWTP (120.000 PE) in Calais (F). Some results 

are presented even though it is too early to draw final conclusions since the process is 

operational only since April 2008.  

 

The sludge is characterized by a finely divided homogeneous structure, without odour 

emissions and a dry solid content ranging between 26-28 % and 30-35 % depending of 

CODECAL
®
 dosage. 

 

Savings are observed in terms of reagent consumption and disposal cost due to decrease of 

sludge quantitie. Post-liming including FeCl3 addition (needed anyway for 

dephosphatation) is compared to pre-liming with FeCl3 addition. Cost decrease from 281 

€/t to 243 €/t per ton of DS is registered, which represents savings of more than 80.000 

€/year. Even when no phosphorous treatment is needed, savings would be of more than 

30.000 €/year. 
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Table 4. Post liming after centrifuge with standard lime versus pre-liming with 

CODECAL
®

 

Treated sludge - DS (t/year) 2100 2100 2100

Lime conditioning (%) 30 30 30

Type of lime quick lime quick lime CODECAL

DS lime (t) 820 820 788

Cost of lime (€/T) (*) 120 120 150

Lime cost per ton DS (€/t) 36,00 36,00 45,00

FeCL3 (pure) conditioning (%) 0 4,5 4,5

DS FeCL3 (T) 0 94,5 94,5

Commercial FeCL3 (%) 0 11,25 11,25

Cost of FeCL3 (€/T) (*) 175 175 175

FeCL3 cost per ton DS (€/t) 0,00 19,69 19,69

Polymer conditioning (kg/t DS) 12,00 12,00 9,00

Cost of polymer (€/kg) (*) 5,00 5,00 5,00

Polymer cost per ton DS (€/t) 60 60 45

DS content of dewatered sludge (%) 26 26 32

volume dewaterd sludge 11231 11594 9320

volume dewatered sludge per ton DS 5,35 5,52 4,44

Recycling cost (€/t) (*) 30 30 30

Recycling cost per ton DS (€/t) 160,44 165,63 133,15

TOTAL COST per ton DS (€/t) 256 281 243

ANNUAL TOTAL COST (€) 538.523                590.771                509.953                  

(*) begin 2008 average price levels, delivered 

STANDARD 

QUICKLIME POST-

LIMING - NO FeCL3

STANDARD 

QUICKLIME POST-

LIMING WITH 

FeCL3

CODECAL® PRE-

LIMING WITH FeCL3

 
 

 

 

It is obviously difficult to estimate the impact of CODECAL
®

 in terms of maintenance 

cost. The author however argues that suppressing the post-liming step, should reduce the 

occurrence of breakdowns, thus :less interventions and less general maintenance i.e. real 

savings. 

 

Savings in terms of the dewatered sludge disposal routes are also difficult to assess and 

clearly depend on local situation. Land application seems to be the only recycling route for 

the Calais WWTP. In such a case, the production of finely divided, odourless, dry sludge 

 

Sievers et al. [15] studied the mechanism of “pelleting” flocculation as an alternative to the 

traditional way of mixing obtained either by agitation in a tank or the in-line injection in a 

pipe. Pelleting flocculation is a specific type of flocculation producing a layered pellet 

aggregate structure. The pellet aggregate structure can be developed e.g. in a gap of a 

cylindric- or cone-shape stirrer. However, pelleting flocculation flow patterns are difficult 

to control, especially for sludge and wastewater treatment due to fluctuations both in flow 

rate and composition.  
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Sievers et al. [15] proposed to enhance sludge dewaterability through a post-treatment of 

flocculated sludge aggregates by the specific flow pattern of Taylor vortices and 

subsequent dewatering in press test lab-cell. Photo-optical image analysis of flocculated 

aggregates shows a clear change of aggregate size distribution with less small particles 

compared to classical flocculation procedure by stirrer. Results from laboratory and pilot 

scales dewatering investigations confirmed enhancement of sludge dewatering efficiency.  

 

Spinosa & Leschber [16] highlighted the need of European Union (EU) countries for 

regular and environmentally safe utilization and disposal of sludge coming from municipal 

and industrial wastewaters is well recognised by the. While guide and/or limit values are 

specified in the European legislation, methods for the determination of the respective 

parameters are often lacking.  

 

Spinosa & Leschber [16] reported that the European Committee for Standardization (CEN) 

has established a committee: the Technical Committee 308 (TC308) whose main task is the 

production of standard methods for the chemical, biological and physical characterization 

of sludge, and of guidelines for good management practice. The CEN/TC308 work is 

partially based the EU Directive 86/278/EEC for the determination of nutrients and so-

called pollutants (heavy metals and organic substances) in relation with agricultural use of 

sewage sludge. This work has been next implemented in the so-called “Horizontal” 

programme, financed by the European Commission, which aims to extend the list of 

pollutants subjected to limit values to some organics such as PAH (polycyclic aromatic 

hydrocarbons), PCB (PolyChlorinated Biphenyls), NP/NPE (NonylPhenol and its 

Ethoxylates), LAS (Linear AlkylSulfonates), phthalates and AOX (Adsorbable Organic 

halogenated substances). 

 

Besides this, CEN/TC308 has worked on six microbiological methods for the 

determination of the two parameters Escherichia coli and Salmonella which are of high 

hygienic importance for the agricultural utilization of sludge. 

 

Spinosa & Leschber [16] drew also attention on the importance of sludge physical 

properties as their knowledge allows the prediction of sludge behaviour when handled and 

submitted to almost all treatment, storage and utilization/disposal operations.  

 

Even though procedures for determining these physical properties are known and accepted, 

their implementation often differ in terms of experimental protocols so that results are 

often difficut to compare. 

 

Spinosa & Leschber [16] mentioned standardization efforts in this field: “Standards” for 

Capillary suction time (CST), Specific resistance to filtration, Compressibility, 

Settleability, and Thickenability have been published. A “Standard” on Calorific value 

determination is in publication, while another one on evaluation of Drainability is in 

preparation.  

 



 

International Energy Agency 

Industrial Energy-related Technologies and Systems (IETS) 

- 19 - 

3. Literature cited 

1. Saveyn, H., Curvers, D., Schoutteten, M., Krott, E., Van der Meeren, P., Improved 

dewatering by hydrothermal conversion of sludge. 

2. Saveyn, H., Curvers, D., Jacobsen, R., Van der Meeren, P., Improved dewatering by 

freeze-thawing of predewatered sludge cakes. 

3. Sion, H., Vriens, L:, Energy-efficient technologies for sludge disposal. 

4. Theulen, J., Gastout, B., Sewage sludge recovery by cement kilns. 

5. Permuy, D., Araúzo, I., Permuy, J., Prats, N., Low-temperature thermal drying: An 

opportunity for residual energies. 

6. Arlabosse, A., Modelling of contact drying by boiling for sewage sludge treatment. 

7. Dewil, R., Baeyens, J., Dougan, B., Combined heat and power through co-

incinerating biosolid wastes (including sludge) at the UPM paper Mill in Ayr (UK) 

8. Chabrier, J.P., France sludge drying return Experience: The consultant‟s point of 

view 

9. Műnter, C., Exergy sludge drying – sludge is a renewable bio-fuel! 

10. van Deventer, H., Super heated steam drying New opportunities for efficient drying. 

 

11. Y. Huron, T. Salmon, M. Crine, G. Blandin, A. Léonard, Effect of liming on the 

convective drying of urban residual sludges. 

12. D. Mamais, A. Tzimas, A. Efthimiadou, J. Kissandrakis, A. Andreadakis, Evaluation 

of different sludge mechanical dewatering technologies. 

13. M. Sievers, M. Niedermeiser, Effective dual flocculation with cationic starch as 

substitute for polycationic flocculant. 

14. W. Berbers, Long-term experience with sludge pre-liming before centrifuge 

dewatering. 

15. M. Sievers; S. Stoll, C. Schroeder, M. Niedermeiser, T. Onyeche, Taylor vortex 

assisted flocculation for improving aggregate formation and sludge dewatering 

16. L. Spinosa, R. Leschber, Developments in sludge characterization in Europe 

 


