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Rezumat. Cre terea consumului de ap  conduce la generarea unor cantit i mari de n mol în sta iile de tratare a 
apelor uzate. Înc  din anii 1990, depozitarea n molului a devenit o problem  pentru rile europene i din afara ei. 
Astfel, diverse proiecte au fost ini iate pe direc ia gener rii, colect rii i a depozit rii n molului i a biosolidelor. 
Proiectele vizeaz  s  rezolve dou  probleme: reducerea volumelor de n mol produse i s  acopere o parte din 
consumul specific de energie în procesul de tratare a apelor uzate. O posibilitate de a rezolva ambele probleme 
este incinerarea n molului în incineratoare speciale. Investi iile în noi incineratoare sunt mari i de multe ori nu se 
justific  din cauza costurilor necesare pentru mici cantit i de n mol ce urmeaz  s  fie ars. De aici a ap rut ideea 
adapt rii instala iilor existente pentru arderea în centralele electrice a combustibililor fosili (c rbune), în 
combina ie cu diferite cantit i de n mol de epurare uscat, tehnologia de ardere combinat , co-combustia. 
Cuvinte cheie: ape uzate, energie, n mol, co-ardere. 

Abstract. Increased freshwater consumption leads to the generation of large quantities of sludge in wastewater 
treatment plants. Since the 1990s the sludge disposal has become a problem for all European countries and 
beyond. Thus, various projects have been initiated on the generation, collection and storage of sludge and 
biosolids. The projects aim to solve two problems: reducing sludge volumes produced and cover a part of specific 
energy consumption in wastewater treatment process. One possibility to solve both problems is sludge 
incineration in special incinerators. Investments into new incinerators are big and often not justified, because of 
the costs necessarily for small quantities of sludge to be burned. From here, did the idea of adapting existing 
installations, for combustion in power plants fossil fuels (coal) in combination with various amounts of dried 
sewage sludge, co –combustion technology. In this way the collected sludge is destroyed by burning and is 
obtained an amount of additional energy in the plant while maintaining the same level of generation of pollutants. 
Keywords: wastewater, energy, sewage sludge, co-combustion. 

1. INTRODUCTION 
 

Development and modernization of society 
life in all regions led to increased demand for 
freshwater, which shows an exponential growth. 
With the world population expected to grow from 
6.5 billion in 2010 to 9.5 billion in 2050—and the 
steadily increasing demand for food and 
manufactured goods—the pressure on limited 
freshwater resources is rapidly becoming 
unsustainable. Thus the amount of wastewater 
treatment process subject to increase, while 
determining and increasing volumes of sludge 
processed and thus increase the specific energy 
consumption of wastewater treatment processes 
and sludge. Water usage and energy consumption 
are intimately linked - the production of water 
requires a significant amount of energy and the 
production of energy requires a significant amount 
of water. As a result, process solutions to produce 
drinking water must also take into account the 
need for energy conservation. 

The objectives of the global trend of 
treatment is to remove organic material and water, 
thereby reducing volume and weight, remove 
degradable material, which prevents subsequent 
odours and vectors of pathogens and remove 
pathogens [1]. 

Since the mid ’90s, it is well recognized that 
sludge disposal is one of the most critical issues. If 
handled properly, sludge can be a valuable 
resource for renewable energy production and a 
source of nutrients for agriculture. Any type of 
wastewater treatment require considerable costs of 
which, the processes for the treatment and disposal 
of sludge is from 20% to 60%, including energy, 
personnel and management [2]. 

An inadequate treatment of the sludge in the 
treatment plants it may create a risk that it may not 
be admitted to licensed waste disposal in landfill. 
Measure the effectiveness of sludge treatment 
process is given by the ratio GT = SM / SV, where 
SM is the amount of mineral and volatile substance 
SV is the amount of dry matter contained in raw 
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sewage. If GT is  1 means that the sludge is 
treated sufficiently, and if GT is <1 treatment is 
not appropriate and sludge is not stabilized and 
may have harmful effects on the environment [3] 

Most wastewater treatment plants are based 
on activated sludge systems, in which sludge is 
produced in two ways: 

– primary sludge, originates from the initial 
physical separation of settleable solids in the 
primary settlers is also called raw sludge. It is 
easily biodegradable since it consists of more 
easily digestible carbohydrates and fats compared 
to activated sludge which consists of complex 
carbohydrates, proteins and long chain 
hydrocarbons and for this reason the biogas is 
more easily produced.  

– activated sludge, also called excess sludge 
or waste activated sludge which comes from the 
secondary treatment where it is separated from the 
treated effluent. It‘s the result of net biological 
growth and the accumulation of inert and organic 
refractory compounds [4]. 

The end-product after handling the two types 
of sludge through anaerobic or aerobic digestion is 
digested sludge. The digested sludge is reduced in 
mass, less odorous, safer in the aspect of pathogens 
and more easily dewatered than the primary and 
activated sludge [5]. 

From the perspective of sustainable 
development approach, there are two ways to 
analyze the sludge problem: 
- the recovery of materials or energy from sludge, 
if sludge is considered a resource; 
- the reduction of the amount of sludge produced, 
if sludge is considered waste. 
 
2. SEWAGE SLUDGE AS ENERGY SOURCE  
 

Treatment of municipal wastewater results 
worldwide in the production of large amounts of 
sewage sludge. The major part of the dry matter 
content of this sludge consists of nontoxic organic 
compounds, in general a combination of primary 
sludge and secondary (microbiological) sludge. 

The resulting sludge from wastewater 
treatment has a dual energy potential: 
- energy recovery from sludge incineration, in 
cogeneration system that converts the energy 
content of sludge into thermal and electrical 
energy; 
- energy recovery from biogas produced by 
sludge anaerobic digestion;  

If we choose energy recovery from the 
sewage sludge, we should take into account that 
more energy will be obtained from raw sludge 

(unfermented). In this case fermentation is no 
longer necessary. Combustion of the sludge to 
reduce its mass and to recover energy is an 
important alternative to using sludge on land. 

The amount of energy that can be obtained 
depend on the water content, incinerations 
performance, mechanical dewatering and drying of 
the sludge. 

In case of energy recovery by burning sludge 
an optimized technological version should be 
chosen, which should be able to provide maximum 
energy efficiency, emissions and waste materials in 
small amounts and which are within the limits 
imposed for pollution [7]. 

Any method of producing energy from sludge 
could be used, the dried sludge calorific value it 
has the most important role. 

When comparing the calorific value of dried 
sewage sludge with other energy resources it 
shows that dried sewage sludge can be an attractive 
alternative energy. 

 
Table 1.  

Dryed sewage sludge as fuel [8] 
Fuel Calorific value (MJ/Kg) 
Dried Sludge 90% DS 8.6 – 11.6 
Dry Wood ~ 15.5 
Mineral Coal ~ 29.3 
Brown Coal 8.4 – 16.8 

 
To be able to use sludge for energy purposes, 

they must be previously treated. These treatments 
involve significant energy costs in turn. 

Reducing these costs can be achieved by 
using an amount of energy obtained even from the 
processed sludge. 
 

3. THE INCINERATION AND CO-
COMBUSTION OF THE SLUDGE  
 

3.1. Sludge incineration 
 Methods for thermal treatment of sewage 
sludge include:  
- combustion or monoincineration using multiple-
hearth furnace, fluidized bed, combined MHF-FBC, 
cyclone furnace, smelting furnace, rotary furnace;  
- co-combustion with coal in power plants, with 
coal in FBC power plants, with other fuels, with 
MSW;  
- alternative processes such as wet oxidation, 
pyrolysis, oil from sludge, fuel from sludge, 
gasification; 

An important argument in favour of combustion 
and co-combustion is complete mastery of the 
basics of processes, including purification 
techniques resulting products. 
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Simple incineration of sludge from wastewater 
treatment can only be used as a method of 
destroying them but without producing additional 
energy due to the lower heating value of sludge. 

A simple sludge incineration scheme is shown 
in Figure 1. The sludge with a solid content of 
about 1-4% is introduced into the mixing and 
homogenization tank. Next a thickening stage 
where sludge settles and the supernatant is 
removed. In this stage the solid content increases 
to 3-8%.  
 

 
 

Thickened sludge is then dewatered typically 
using plate or belt presses. Organic and inorganic 
additives introduced in this process increase the 
calorific value of the sludge and reduce the content 
of inorganic ash. The solid content varies from 18 
to 35%. In the combustion chamber the sludge is 
burned with compressed combustion air introduced 
with a temperature of 500-600oC. Because 
fluidized sand layer an overhead freeboard zone at 
800–900oC is created. Water is evaporated, volatile 
metals vaporise and organic compounds are 
combusted completely to gases. The remaining 
inorganic material is carried out of the chamber as 
fine particulates with the exhaust gases. After 
assigns an important amount of heat in the waste 
heat boiler ash gases are cleaned in an electrostatic 
precipitator and crosses the wet scrubber. 
Remaining particles in the gas generates important 
quantities of scrubber sludge and then clean gases 
are discharged to the stack. [9] 

 
3.2. Sludge co-combustion  

To avoid the high costs of a stand-alone 
incineration plant for sludge and also to improve 
the energy recovery efficiency, possibilities have 

been investigated to incinerate dried sludge in a 
coal-fired power plant.  

The co-combustion of mechanically 
dewatered sewage sludge in existing coal-fuelled 
power stations with highly effective flue gas 
pollution control is an economic and sensible 
alternative to the environmentally harmful disposal 
methods. 

Co-combustion of sewage sludge in coal-fired 
power plants and other co-incineration processes, 
for example, in combination with municipal waste 
is applied in practice.[10].  

Co-combustion has a number of potential 
advantages: 
– reduction of CO2 emissions from fossil fuels; 
– increased use of local fuels; 
– conversion of biomass and waste fuels with high 
efficiency and under controlled environmental 
conditions; 

Some disadvantages can also be suspected to 
occur: 
– the cost of some additional equipment or 
treatment processes has to be considered; 
– the threat of harmful influence on the plant, 
caused by the additional fuel; 
– lack of experience, as reflected from two of the 
above items.[11] 

Co-combustion is often the first and most 
economical step and way to increase the utilisation 
of biomass fuels in all circumstances. The main 
problems in co-combustion and gasification are the 
following: 
- handling and feeding is problematic. Mostly 
combustion technology functions properly, but it is 
difficult to homogenise fuels before combustion; 
- mixing of different fuels is difficult; properties of 
biomass are not homogenous and they can vary in 
wide range; 
- fuel feed control and accurate measurements are 
difficult, because energy density of biomass fuels 
varies; 
- using different biomass fuels with coal and waste 
needs more control and advanced handling 
technology in the plants.[12] 

There are several types of schemes used for co 
–combustion:  
- direct feed of an additional fuel together with the 
main fuel in a suspension firing or fluidised bed; 
the additional fuel is simply added to a boiler 
designed for the base fuel, usually coal. This is the 
most convenient method, which can be used in 
connection to both fluidised bed and pulverised 
fuel boilers [13], [14]; 
- bed combustion of additional fuel in a suspension 
fired boiler; the additional fuel is added on a grate, 

Fig. 1. A simple sludge incineration scheme. 
1- sludge mixing tank; 2- belt press, plate press, 

centrifuge; 3- fluidised bed incinerator; 4- waste heat 
boiler; 5- electrostatic precipitator; 6- wet scrubber; 7 - 

stack; 8 - inorganic incinerated sewage sludge ash. 
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inserted in the bottom of; a suspension-fired 
pulverised coal boiler [15]; 
- separate combustor fort he additional fuel, 
coupled to the main combustor on the steam side; 
it use a combustion unit, separated from the main 
coal fired boiler on the fuel side, but connected to 
it on the steam side; 
- additional gas producing unit, coupled to the 
main combustor on the flue-gas side; 
- employment of additional fuels for special 
purposes, such as “reburning” by means of 
pulverised biomass or gases produced by an 
external gas generator injected into a pulverised 
fuel boiler and “after burning” in the cyclone (or 
its exit) of a circulating fluidised bed boiler, to 
reduce N2O.[16]. 

Depending on the used arrangement, on the 
boiler size and on the combustibles properties, the 
co-firing may involve a number of consequences: 
- energy content and volatiles: adding additional 
fuel with very low effective heating value, 
previously dried by various methods, may 
unbalance the heat balance of the furnace;  
- substances such nitrogen, sulphur, and chlorine 
that can generate undesired emissions: they will be 
more or less converted in to nitric or nitrous 
oxides, sulphur dioxide, and hydrogen chloride or 
dioxins;  
- chemical elements generating ash: in flue gases 
may be present elements that favor the formation 
of ash (potassium, sodium, calcium, mangan, 
alumina, silica, phosphorous);  
- traces of heavy metals: they can affect the 
atmosphere through volatilization and poisoning 
ash, generating storage problems.  

 
CONCLUSIONS 

Experience and knowledge obtained in the 
research into production of energy from biomass 
can be beneficial for the further development of 
energy carriers and electricity from biowastes, 
such as sludge. Co-combustion of sewage sludge 
with a base fuel in a boiler is a simple and 
economically suitable way to replace fossil fuels 
and to utilise waste. For high efficiency sludge 
burning it is heat-treated in order to dewatering. In 
this way, all of the organic material, including the 
colloidal and suspended particles, present in the 
wastewater, is concentrated in a small volume. 
This volume can be considered as an energy source. 
This energy source represents almost 100% more 
energy than the amount of energy present in the 
sludge of conventional wastewater treatment plants. 
With all the advantages of dewatered sewage 
sludge co-combustion, for the process to be 

feasible, it must be autothermic. In order to 
establish an efficient solution to treat sludge, a 
preliminary thermodynamic evaluation is 
necessary to determine the energetic contents of 
sludge. From a thermal energy balance and using 
calorific values quoted in the literature, it is 
possible to calculate the level of dewatering which 
is required for different sludges for them to be 
autothermic. 
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