V medunarodni kongres “InZenjerstvo, ekologija i materijali u procesnoj industriji”
V International Congress “Engineering, Environment and Materials in Processing Industry“

DOI: 10.7251/EEMEN1501904B
UDK 504.61:620.9:628.04
Review paper

THERMAL TREATMENT OF SEWAGE SLUDGE PYROLYSIS AND
GASIFICATION

Veselin Blagojevié 1, Vanja Sustersic 2, Sinisa BoZickovié

Faculty of Engineering, University Kragujevac, Serbia , email:
veso.doboj@gmail.com
2Faculty of Engineering, University Kragujevac, Serbia , email:
vanjas@kg.ac.rs
% University of East Sarajevo, Traffic Faculty, Doboj, BiH, e-mail:
bsinisaa@yahoo.com

Abstract

The treatment of sewage sludge and, at the same time, a great demand for
energy for heating and electricity production is a problem of modern society.
The technology of modern times makes it possible to satisfy two needs at the
same time. The first problem is the treatment of sewage sludge, sewage
sludge disposal and environmental pollution. Another problem is the
necessity to replace fossil fuels with alternative fuels in power plants and
heating plants. Sewage sludge can be disposed of in several ways. The most
effective treatment is thermal. The thermal treatment neutralizes harmful
substances from the sludge and at the same time produces heat. The burning
of sludge can be made in the rotary kilns, reactors for the pyrolysis and
gasification.
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Introduction

In order to prevent global warming, the use of biomass as a new energy is
promoted. It is believed that in this way the effect of greenhouse gases will
be reduced. The society is oriented to the use of waste for the purpose of
recycling. In order to use energy from biomass, energy producers must find a
way to meet the needs of businesses, how to maintain economic efficiency,
stable supply and adequate control of fuel. These processes include activity
during the collection of biomass energy conversion and use of biomass
residues. Parallel to this, there are attempts to solve the problem of the
treatment and disposal of large quantities of sewage sludge. Some companies
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have developed technology that is excellent in sterilization of sludge, and
also recycles sewage sludge as fuel and produces electricity and heat energy.
The new system can meet the needs for effective treatment of sewage sludge,
reducing greenhouse gas emissions and make use of sludge as a fuel in
power plants and heating plants. This type of use of energy, gives hope that
it is possible to use sewage sludge as fuel without carbon [1].

Thermal treatment of sewage sludge proved to be most effective when it
comes to the impact on global warming, aquatic and terrestrial eco toxicity,
acidification of land and agricultural products [2].

1. Thermal treatment of sewage sludge

The composition of sewage sludge is one of the most important factors in the
proper method of choice for the treatment of sludge. For this reason, it is
necessary to pay attention to the technical and an elementary analysis from
which we get the energy value and composition of the sludge. The advantage
of using sludge as fuel in cement kilns is often mentioned. The dry matter or
lower heating value and composition of the sludge are important factors to
be used as fuel. Up to the present, research in the Czech Republic showed
that sediment consists of about 67% carbon, 5% hydrogen, 25% oxygen,
2.2% nitrogen, 0.8% sulfur. The dried sewage sludge has a similar
composition as brown coal, or the calorific value of sludge is decreased (8-
12 MJ / kg, compared with 21 MJ / kg for brown coal) [3].

In India, the research was conducted for sewage sludge, wood acacia,
bagasse and rice husks. The research results are presented in Table 1.

Table 1. Technical and an elementary anliza different patterns of biomass and

sludge [4].
Sample Carbon (%) | Hydrogen (%) | Oxygen (%) | Ash (%)
Acacia wood 45,13 6,14 47,93 0,8
Bagasse 42,48 6,11 43,41 8,0
Rice husk 41,71 6,02 33,27 19,0
Sewage sludge** 15,24 1,30 22,44 60,0
** Undigested, nitrogen = 1,02%

Options for the utilization of energy obtained from sewage sludge are large.
Depending on the organic compound in the sludge the possibility of
utilization of energy can be divided into nine groups: [5]

1. Anaerobic digestion of sewage sludge,

2. Production of biofuels from sewage sludge,

3. Direct production of electricity from sewage sludge in microbial fuel

cells,
4. Incineration of sewage sludge with energy recovery,
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5. Co-incineration of sewage sludge in coal-fired power plants,

6. Gasification and pyrolysis of sewage sludge,

7. Use of sludge as an energy and raw material source in the production

of Portland cement and building materials,

8. Supercritical wet oxidation of sewage sludge,

9. Hydrothermal treatment of sewage sludge.
2. Pyrolysis and gasification of sewage sludge
Pyrolysis and Gasification of sewage sludge is a thermal process in which
the sludge (biomass) is heated at a temperature from 350-500 ° C. Pyrolysis
is a process in which the combustion process takes place without the
presence of oxygen, while the gasification is using a controlled presence of
oxygen. Gasification includes degradation of the dried sludge (biomass) at a
temperature of typically about 1000 ° C. Part of solid or gaseous products of
pyrolysis is burned and used as thermal energy in the process of pyrolysis.
Depending on the type of equipment and working conditions, there are a
number of modified process. There are also techniques to combine the two
processes. Figure 1 shows the scheme of the plant for the pyrolysis of
sewage sludge.

Filter

Absorbent
Dosing Unit

Pyrobustor®

Figure 1. The process of pyrolysis of sewage sludge [6].

A lot of research is being implemented on pyrolysis and gasification of
biomass. However, the research on pyrolysis and gasification of sewage
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sludge is very limited. Pyrolysis and gasification of sewage sludge have
many advantages over classic combustion. One of the advantages is the
combustion of flammable gases and conversion to electricity with high
efficiency. Furthermore, gases may be used as basic chemicals or as fuel.
However due to the presence of organic pollutants in sewage sludge,
processing of gases can be complicated. Generally speaking, the process of
pyrolysis and gasification is much more complex than combustion. There is
another successful application of pyrolysis and gasification, which is applied
in practice for the production of oil from sewage sludge, which can be used
as fuel. Based on the existing data it cannot be said with certainty whet her
pyrolysis and gasification will have an important role in solving the problem
of sewage sludge.

2. Review of the treatment of sewage sludge in Europe

In Europe, production of sewage sludge per inhabitant is about 90 g / person
per day and is derived from primary, secondary and tertiary wastewater
treatment. Annual production in 1992 was about 5.5 million dry matter, this
amount has increased to about 9 million tones until the end of 2005. This
increase is a result of the practical implementation of the Directive on the
treatment of urban waste water (91 / 271EEC), as well as the increased
number of households connected to the sewage system and a larger share of
tertiary treatment of waste water through which nutrients are being removed.
In Germany, in 2002, 10 million tons of sludge has been produced, 30% of
which is dry matter. This amount is approximately equal to 3.5 times the
volume of the pyramid Giseh [7]. The number of population that is
connected to the system for wastewater treatment in the area of Europe in
percentage (%) is shown in Figure2.
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2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Belgium 514 532 544 574 687 7.0 728 750 770 820 840
Bulgaria 379 380 383 388 397 414 427 451 536 539 545
Czech Republic 706 708 728 e 730 754 157 769 78.0 78.0 798
Denmark 894 880 884 884 901
Germany 938 973 919 953
Estonia 700 710 730 730 735 795 795 783 811 812 821
Ireland
Greece 850 873 813 881 920
Spain 88.0 88.0 93.0 948
France 795 561 56.1 554
Croatia 270
Italy 9386 830
Cyprus 29 284 298
Latvia 683 643 638 629 609 543 609 581 639 66.0 672
Lithuania 276 631
Luxembourg 881 913 909 961 963
Hungary 389 402 417 453 498 50.0 521 69.5 711 728 726
Malta 161 133 132 93 84 148 152 66 932 931 929
Netherlands 986 989 99.0 99.1 993 994 994
Austria 889 926 939 945
Poland 555 568 581 607 618 629 641 645 655 685 702
Portugal 320 426 370 51.0 520 558
Romania 169 169 220 310 327 355
Slovenia 199 23 321 476 488 511 529 525 540 542 549
Slovakia
Finland 830 830 830 830
Sweden 86.0 86.0 86.0 86.0 86.0 86.0 86.0 860 86.0 810 870
United Kingdom 96.9 970 995
Iceland 10 10 20 20
Norway 554 56.2 58.0 586 585 588 593 592 614 626 626
Switzerland 980
Albania 47 47 74 220
Serbia 54 58 64 69 69 75 89 86 89 90 94
Turkey 211 248 311 314 352 376 420
Bosnia and Herzegovina 15 15 15 16 1 17 17 17 18 18 18
Kosovo 06 06 06

Figure2. Share of the population connected to at least secondary urban wastewater
treatment in percentage (%) [8]

The problem of the treatment of sewage sludge exists in most European
countries. This problem is best to solved in Malta, where, with the
construction of the plant for waste water treatment in 2011, coverage has
reached 100%. Apart from Malta, the highest rate of treatment of sewage
sludge has been reported in Belgium, Hungary, Poland, Bulgaria and
Slovenia. In 2013, the highest percentage of treatment of sewage sludge was
recorded in Malta (100%), the UK (99.5%), the Netherlands (99.4%),
Luxembourg (98.2%), Spain (97.8%), and Germany (96.4%). In the previous
table, the share of the population connected to the system for waste water
treatment is shown. This part is increasing more than 80% for the 14 EU
member states, for which data were available. Observed from the other side,
less than 2% of households are connected to the system for the wastewater
treatment plant in Romania, Croatia, Turkey, Albania, Serbia, Bosnia and
Herzegovina and Kosovo. Although sewage sludge is produced per citizen,
its composition depends on many factors. Sewage sludge contains many
nutrients, but often contain high concentrations of harmful substances such
as heavy metals, and many countries use different methods for its removal.
In five EU countries: Portugal, Ireland, Italy, Luxembourg and Spain, at least
three-quarters of sewage sludge is used as fertilizer in agriculture. On the
other hand, about two-thirds of sewage sludge is composted in Lithuania and
Finland. As an alternative form of disposal of sewage sludge and
possibilities for expansion of pollution in agriculture, thermal form and
disposal can be used. In the Netherlands, Belgium, Germany, Slovenia,
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Austria and Switzerland, the combustion is used as the main form of
treatment, while the landfill as a form of treatment is practiced in Romania,
Italy and Bosnia and Herzegovina [8]. Figure 3 shows the production and
wastewater treatment in Bosnia and Herzegovina in the period of several

years.
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Figure 3. Wastewater treatment in Bosnia and Herzegovina

Since 2003 In Bosnia and Herzegovina, there was an a slight increase in user
connection to the waste water treatment system. In the analyzed period
(2003-2010) some progress has been achieved, if we take into account the
ratio of the amount of water that is purified by a year to the total amount of
waste water. In 2009, a positive upward trend in the quality of treatment has
continued, as evidenced by the increase in the share of biological methods of
treatment, while in 2010 there was a slight fall which can be seen in Figure
3.

In BiH, the problem of inadequate wastewater discharge is pronounced. Only
a few municipalities in the Federation (Gradacac, Zepée, Odzak, Srebrenik
and Trnovo in the Sava River basin; Ljubuski, Citluk, Grude and Neum in
the Adriatic Sea basin) and two in the RS (Trebinje and Bileca in the
Adriatic Sea basin) have operational facilities for treatment of sewage water

[9].

Conclusion

The treatment of sewage sludge is currently a big problem. Since there are
many ways for the treatment sewage sludge, it is important to choose the
most effective. When effective treatment is mentioned, it is understood that
the harmful substances are neutralized through treatment, the amount of the
treated residue from the disposed sludge is reduced, the potential energy of
the composition of the sludge is used and that the treatment has no effect of
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environmental pollution or said effect is very small. Most represented
treatment of waste water is disposal or use as a fertilizer in agriculture. An
important factor in defining the most suitable sludge treatment and final
disposal may be a possibility of its re-use. It would be recommended to
examine existing methods and to focus more on the possibilities for the
thermal treatment of sewage sludge and sludge utilization as fuel to generate
electricity and thermal energy. In the thermal treatment, the most effective
treatment is a process of pyrolysis and gasification. In this case, the
coefficient of utilization is the highest and the environmental impact is
minimal. Using the technology of pyrolysis and gasification is much more
complicated than conventional thermal treatment, and therefore, more
attention should be paid to scientific research and the development of it. The
motivation for this is great. Application of the concept of sustainable
development, the reduction of greenhouse gas emissions and protecting the
environment are just some of the things that can affect the application of
sewage sludge treatment process of pyrolysis and gasification.
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