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One of the methods of sewage sludge treatment is their 
incineration. Lutzner [1] lists the methods of the thermal disposal of 
sludge such as their gasiication upon steel production, incineration 
at coal power plants and the gasiication of ash as well as pyrolysis 
and secondary incineration at high temperatures as well as thermal 
applications in the cement industry. The legal considerations 
concerning the thermal transformation of sewage sludge have not 
been separately speciied. The applicable standards have been set in 
the former and amended versions of the Waste Management Act [2]. 
The Appendix to the Ordinance of the Minister of Economy, in effect 
since 2003, concerning other types of waste than hazardous waste 
as well as the types of installation and devices that are admissible for 
thermal treatment (Dz.U./Journal of Laws no. 18, item 176, 2002) 
contained provisions addressing the types of installations that are 
eligible for the disposal of sewage sludge. Named among them were 
cement, lime and brick kilns. Kaantee et al. [3] contend that the 
maximum amount of sewage sludge deployed in clinker production 
shall not exceed 5%. The beneits from sewage sludge incineration 
in a rotary kiln are a very high temperature, reaching 1450°C that 
impedes the formation of dioxins, extended duration of exhaust 
processing inside the kiln, alkali environment that contributes to the 
bonding of acidic gases and waste-free production. The prerequisite 
for the application of sewage sludge as an alternative fuel in the 
cement industry is an appropriate caloriic value, physico-chemical 
stability, availability and facile dosage.

The caloriic value of sewage sludge is consequent upon its 
chemical composition and the presence of lammable substances. The 
sludge usually contains 70% of organic substances and 30% of mineral 
components, comprising silica and aluminium silicates. The organic 
substance content indicates the caloriic value if the waste. A sludge 
containing 50% of water and 50% of organic substance has a caloriic 
value of 4 MJ/kg, whereas a sludge with 75% of organic content  
6.5 MJ/kg [4]. The caloriic value of the dry mass of sewage sludge is 
comparable to brown coal (Tab. 1).

Table 1

Comparison between the sewage sludge composition with other  
solid fuels [4]

Parameter Sewage 
sludge

Coal slurry Hard coal Brown coal Wood

Caloriic value, 
MJ/kg

18–21.5 8–16 25–30 8–16 13

Ash, % 30 30–60 5.3 10–20 0.8

Coal, % 50 31 88 66 50.7

Hydrogen, % 6 3.7 6 5 5.9

Sulphur, % 1 1–1.5 0.8 0.7–7 0.04

Examples of alternative fuels basing on sewage sludge
In view of the high hydration level, the application of sewage sludge 

as an alternative fuel is hampered. The dehydration of the sludge may 
require drying or mixing with waste with a high dry mass content. An 
additional advantage of the latter solution is the possibility to raise the 

caloriic value of the mixture as well as more eficient management 
of a larger volume of waste. To this end, coal slurry is deployed. The 
coal slurry forms granules upon mixing with sewage sludge. In order 
to hygienize and bond water, lime is sometimes added to the mixture 
[5]. Troniewski and Wzorek [6] have suggested to deploy the so-called 
PBS fuel, composed of sewage sludge (53–62%), coal slurry (35–37%) 
and lime (3–10%) in cement kilns. The caloriic value of such a fuel 
resembles that of brown coal and reaches the order of magnitude of 
15 MJ/kg. Sładeczek and Nolepa [7] give another example of fuel, the 
so-called eco-dust, comprising a mixture of hydrated sewage sludge 
(15%) with coal slurry (85%). The authors say that the fuel may be fed 
to the rotary kiln through the main burner, rising chamber or calciner. 
It may also be dosed to the clinker grate coolers either directly or 
using the heat from excess air. The factor determining the feeding site 
of the sludge is the chlorine content in the sludge [7, 8]. Kościanowski 
and Werszler [9] point out that the prerequisite for the co-incineration 
of sewage sludge in rotary kilns is their preliminary drying and a high 
caloriic value. The authors suggest to irst dry the sludge in luid bed 
dryers and then to granulate it. Thus treated sludge is easy to transport 
and dose into the incineration system. The authors recommend to feed 
sewage sludge to a pre-calciner and not directly to the incineration zone 
on account of a lower caloriic value of dries sludge as opposed to the 
basic fuel. Only in case of mixing the sludge with a high-caloriic fuel is 
feeding directly to the incineration zone admissible. The application of 
sewage sludge in cement industry may be limited due to a high content 
of hazardous compounds such as heavy metals, chlorine compounds 
or chlorinated organic compounds [7, 8]. It has been demonstrated 
that upon calcination heavy metals may be found in the clinker, binding 
permanently with cement [10]. According to Sprung [11], 30% of total 
heavy metal content in cement is derived from the raw material and 
70% – from the calcination and grinding of clinker. The impurities from 
sewage sludge have not been found to decrease cement quality nor 
do they raise contaminant emissions [12]. However, it turns out that 
chlorine or mercury compound content in fuel may contribute to the 
increase in contaminant emissions in the cement plant [13].

Sludge disposal in cement plants may be limited due to high costs 
of transportation. It is not so, however, that the proximity of a cement 
plant warrants the availability of rotary kilns for sludge disposal. This 
may be evidenced by what is happening in Opole. ODRA cement plant 
is situated in the environs of the waste treatment plant. However, 
a permit for co-incineration has not been granted. The waste treatment 
plant intends to dispose the waste produced in another cement plant 
that is located some 15 km from the cement plant. Underway in the 
waste treatment plant in Opole is the construction of a sludge dryer, 
fuelled with natural gas that is to ensure the acquisition of dry mass 
content at the level of 90–95%. The solution may raise doubts in terms 
of proitability. There have also been cases when waste treatment plants 
have been equipped with dedicated sludge incineration plants. The 
cost-effectiveness of sludge incineration in cement plants is determined 
by the disposal costs set by the cement plants. The only beneit for the 
cement plant that is associated with the adoption of the said solution 
consists in the possibility of the deduction of CO2 emissions from 
sewage sludge. In all other aspects, sludge poses a dificulty in view of 
their low caloriic value, hydration and dosage problems. Some cement 
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plants enforce uniform requirements for alternative fuels and sewage 
sludge. The Lafarge group may serve as an example. Other cement 
plants establish the parameters of acceptable sludge waste treatment 
plants individually.

Another waste treatment plant servicing Opole and located in 
Antoniów also had drawn up a plan to incinerate dried sludge in a cement 
plant. For this purpose, an investment was launched to erect a solar 
sludge dryer. The investment was completed in 2013. However, the 
parameters achieved through solar sludge drying proved insuficient. 
The design performance of the dryer allows to obtain approx. 70% of 
dry mass during maximum sun exposure. The solution is to additionally 
dry sludge by means of conventional fuels, thereby leading to higher 
costs. This is why another option has been chosen. Under consideration 
is the application of dried sludge for the production of alternative 
fuels or for proprietary power supply upon the acquisition of relevant 
approvals. In order to evaluate the suitability of sewage sludge for 
thermal treatment, its composition must be analysed in compliance 
with the applicable law. In 2012 tentative tests of the sludge content 
were performed.

Empirical study
Raw sewage sludge were collected from the dehydration press. In 

the period from July to October, 2012, 10 test samples were collected. 
On each occasion, the collection of samples took 8 hours. The mass of 
the sample amounted to approx. 1 kg. After the shipment to laboratory, 
the content of dry mass was assayed. Subsequently, the samples were 
dried at 105°C, ground and subjected to chemical assays. Samples for 
mercury assay were prepared separately. Each sample was analysed 
twice. The acceptance criterion of the result was the precision of 
repeated assays not exceeding 10%.

The investigations were conducted at the Faculty of Environmental 
Engineering, Opole University of Technology, at the Department 
of Chemistry, University of Opole as well as at the Centre for 
Environmental Research and Control in Katowice (AB 213). The 
following methodology was adopted for the analysis:

Dry mass in compliance with PN-EN 12880:2004 by gravimetric 1. 

method.
Loss-on-ignition in compliance with PN-EN 12879:2004 2. 
by gravimetric method.
The caloriic value in compliance with PN-ISO 1928:2002 and PN-3. 

G-04513:1981 with the use of a calorimeter KL-12MN.
Heavy (Cd, Pb, Cu, Zn, Ni, Cr) and light (Ca, Mg) metal content 4. 

by FAAS method as well as alkali (K, Na) content by FAES method 
in compliance with PN-EN 13346:2002 following microwave 
mineralization in chlorazotic acid using atomic absorption 
spectrometer Solaar 6M manufactured by Thermo. Other metal 
content was assayed in ICP-OES technique in compliance with the 
standards PN-EN 13657:2006 and PN-EN ISO 11885:2009 as well 
as scientiic procedures AB 213
Chlorine content upon sample incineration in compliance with PN-5. 
ISO 9297:1994 by Mohr titration method with silver nitrate [14].
Sulphur content upon sample incineration in compliance with PN-6. 
ISO 9280:2002 by gravimetric method with barium chloride.

Discussion of results
The tables present the mean results of sewage sludge analysis. 

The dry mass content of sludge following treatment in mechanical 
press averaged 13%. Given the high hydration level, the sludge is 
ineligible for energy production. It must undergo prior dehydration 
to the level of dry mass over 70%. This is why the waste treatment 
plant has invested in the construction of the solar dryer with the 
design technology allowing for sludge drying to the level of 75% 
of dry mass. Loss-on-ignition serves as the indicator of the organic 
substance content and amounts to approx. 75% of sludge mass. 

A high content of organic matter raises the caloriic value of sludge. 
Ash content, i.e., the mineral part of sludge amounted to 25%. In 
case of sludge treatment in cement plants, ash content makes little 
difference as the whole lot is incorporated in the clinker. In case 
of the application of sewage sludge as fuel in other types of kilns, 
e.g., grate kilns, ash content gains signiicance as it may aggravate 
the quality of incineration outcome. This is due to the fact that 
carbon deposits may form on grates as well as larger amounts of slag 
and dust may be produced. The caloriic value of the investigated 
sludge amounted to 12.7 Mg/kg of mass in case of sludge containing 
95% of dry mass. Accordingly, in instances of higher hydration level, 
the caloriic value of sludge is lower. Chlorine and sulphur levels 
were minor, lower than the value required for alternative fuels. 
This ensures the fulilment of the standards imposed by the cement 
industry. Likewise, heavy metal levels were also low relative to the 
standards set for alternative fuels. Both cement plants and other 
plants exercising co-incineration of waste are obliged to control 
heavy metal emissions. For this reason, metal limit values are in 
place. The usual practice is to specify a total metal limit value, with 
the exception of mercury, thalium and cadmium (in case of cement 
industry) (Tab. 3) under the provisions of the Ordinance of the 
Minister of Environment Protection of April 22nd, 2011, concerning 
plant emission standards (Dz.U./Journal of Laws 2011 no. 95 item. 
558) [15]. Sodium and potassium levels are vital for cement plants 
since the so-called alkali, along with sulphur and chlorine, may 
induce the formation of overhangs in the cement kilns. This, in 
turn, poses a hazard for the kiln. Should the overhang fall, the kiln 
may be damaged and the production process stopped. The content 
of calcium and magnesium in the sludge investigated was not high 
and amounted to, respectively, 0.9% and 0.8%. Alkali, calcium and 
magnesium are conducive to the so-called alkali corrosion of boilers 
in case of sludge incineration in power boilers and thus must be 
controlled.

The results obtained were assessed against the standards of the 
European Union for Responsible Incineration and Treatment of Special 
Waste (EURITS), Lafarge group and domestic cement kilns according 
to Duda [18] (Tab. 4). The sludge investigated failed to meet the criteria 
in terms of the caloriic value. This entails that the incineration of the 
sludge under study in cement plants would require additional mixing 
with fuels with a higher caloriic value. Heavy metal, chlorine and 
sulphur content was much lower than required by cement plants.

Table 2
Characteristics of sewage sludge from the waste treatment  

plant in Antoniów

Parame-

ter
Dry mass, %

Loss-on-i-
gnition, %

Ash,

%

Caloriic value

95% of dry mass,

MJ/kg

Cl

% of dry 
mass

S

% of dry 
mass

Pressed 
sludge

13

±1

74

±3

26

±3

12.7

±1

0.07

±0.01

0.25

±0.03

Metal

mg/kg of 
dry mass

Cd Pb Cu Zn Ni Cr As Sb V Co Tl Mn Hg

Pressed 
sludge

1.044

±0.02

23.6

±1.6

135

±11

688

±47

21.7

±2.2

27.8

±2.8

2,11

±0,4
<5,0

10.2

±1

2.75

±0.2
<5.0

460

±40

0.74

±0.2

Metal, % K Na Ca Mg

Pressed 
sludge

1.0

±0.1

2.3

±0.1

0.9

±0.05

0.8

±0.05
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Table 3
Heavy metal content in the sewage sludge under analysis in 

compliance with the provisions for the plants exercising sludge  
co-incineration (Dz.U./Journal of Laws 2011 no. 95 item 558) [15]

Parameter Sewage sludge under study

Total metal content (Cd, Tl), mg/kg of 
dry mass

6.044

Hg, mg/kg of dry mass 0.74

Total content of other heavy metal

(As, Sb, Pb, Cr, Co, Cu, Mn, Ni, V), mg/
kg of dry mass

688

Table 4

Quality of sewage sludge from the waste treatment plant in Antoniów 
versys the standards set for alternative fuels by EURITIS, Lafarge 

group and domestic cement plants

Parameter

Pressed 

Antoniów 
sewage 
sludge

Standards 
of EURITIS 

[16]

Standards 
of Lafarge 

[17]

Standards 
of domes-

tic cement 
plants[18]

Dry mass, % 13 No data No data >70%

Ash, % 26 5 No data No data

The caloriic value, for 
95% of dry mass, MJ/kg

12.7 15 >14 >13

Cd, mg/kg of dry mass

Tl, mg/kg of dry mass

Hg, mg/kg of dry mass

1.044

<5.0

0.74

Total of 
6.8 mg/kg

No data Total<100 Total<100

Total content of heavy 
metals*, mg/kg of dry 

mass

688 No data <2500 <2500

Chlorine, % 0.065 0.5 <0.2 <0.3

Sulphur, % 0.25 0.4 <2.5 <2.5

* – in compliance with the Ordinance of the Minister of Environment Protection of April 22nd, 

2011, concerning plant emission standards (Dz.U./Journal of Laws 2011 no. 95 item. 558).

EURITIS – Europejskie Stowarzyszenie Producentów Cementu

Conclusions
Sewage sludge incineration in cement kilns seems to be an 

alternative to other disposal methods. The advantages of the said 
solution feature waste-free production, bonding heavy metals in cement 
and reduced gaseous contaminants. However, thermal treatment of 
sludge in cement plants encounters limitations consequent upon high 
hydration level, undesirable consistency or low caloriic value of sludge. 
For this reason, the sludge is conditioned with the admixture of coal 
slurry or other fuels in order to raise the caloriic value and lower the 
hydration of the resulting fuel. The main dificulty in sludge treatment in 
cement plants is the non-compliance with quality standards regarding 
dry mass, presence of impurities such as heavy metals, alkali, sulphur 
and chlorine. The cost analysis of sludge incineration in cement plants 
must be informed by the price of drying, shipment and disposal. In 
consequence, sludge incineration in cement plants may prove not 
to be cost-eficient. In such a case, other sludge treatment or natural 
methods or natural applications may be considered.
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