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Purpose: The aim of the article was to present the problems of converting sewage sludge into
energy in relation to the strategies and legal regulations in force in Poland. This publication is
an attempt to identify the factors determining the use of sewage sludge as substrates for energy
recovery.

Design/methodology/approach: The scope of undertaken research included quantitative
analysis of the generated sludge, qualitative analysis, in order to define the parameters
constituting the possibility of its effective use in energetics, as well as identification and
evaluation of key determinants influencing the choice of the method of sludge management.
Findings: Thermal treatment of sewage sludge is one of the strategic management directions
chosen for this kind of waste. Based on the analyses and evaluation of the presented
technological solutions in the field of research, it was indicated that the key factor limiting the
general use of sewage sludge as a fuel is an economic issue, especially in relation to the cost of
sludge preparation.

Originality/value: The implementation of increasingly restrictive requirements in the field of
sludge management forces the sludge treatment plants to find new solutions in order to manage
them efficiently. Due to the above, the paper presents the basic factors that determine the
initiation of studies concerning the use of the energy potential of the generated sludge.
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1. Introduction

Due to the increasing amount of sewage sludge, generated as a result of changing lifestyles,
as well as the increased percentage of inhabitants connected to the sewage network, water
supply companies are facing an increased demand for their services. In addition to that,

the prohibition of sewage sludge storage has significantly contributed to speeding up the works
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on solving the problem of implementing rational waste management systems, based on sludge
treatment in municipal sewage treatment plants.

In recent years, it can be seen that sewage treatment plants are increasingly looking for
alternative technologies for sludge management, in order to benefit from the potential of this
type of waste and implement solutions that would bring some additional profit.

According to the data from Statistics Poland for 2018, 583 thousand tons of sewage sludge
was produced in Poland, most of which was used for agricultural purposes. In spite of a growing
interest in thermal waste processing technologies, a number of specific determinants still cause
a barrier to entrepreneurs’ interest in this area.

While many of the studies deal with isolated topics related to the use of sewage sludge as
an alternative fuel source, there are still no attempts to develop a comprehensive approach to
identify key determinants that decide on the effectiveness of such solution.

The fact that individual sewage sludge management technologies are widely used can be
proven not only by economic factors, but also by environmental, technological, logistic and
even social factors. Among those, the social factor, i.e. the acceptance associated with the
proposed reuse of sludge, either for agricultural purposes or for energy processing, is especially
important.

A number of economic and non-economic factors is also strongly regulated by legal aspects,
which are the foundation of any change in the waste management method, including sewage
sludge. Additionally, due to the amount of generated sludge and the increasing efficiency of
sewage treatment plants, caused by the dynamic development of the water and sewage
infrastructure, it seems obvious that it is necessary to expand the infrastructure for its rational
management.

It should be noted, that municipal sewage sludge, which is a by-product of the sewage
treatment process, according to the Regulation of the Minister of the Environment of
December 9, 2014, on the catalogue of waste, has the code 19 08 05 (stabilized municipal
sewage sludge). This means that there is a hierarchy of waste management with the priority of
prevention, followed by preparation for re-use, recycling and recovery (including, for example,
energy recovery through fermentation and energy production from biomethane or through
incineration). In this context, it seems crucial to make use of those physico-chemical properties
of the waste that would optimally become the focus of treatment and management. Despite the
recommended directions and strategies, the legal and financial aspects of the use of sludge from
sewage treatment plants, as well as the specific conditions, determine the choice of a solution.
In this publication, an attempt is made to identify the key factors determining the use of sludge
as a substrate for energy generation.
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2. Methods

In order to achieve the main objective of this work, which was to identify the factors
determining the use of sewage sludge as an alternative fuel, the research methodology included
the following elements:

— quantitative analysis of generated sewage sludge streams on the basis of available

statistical data, taking into account the methods of their management,

— qualitative analysis of sewage sludge, in order to define the parameters which determine

the possibility of its effective use in energetics,

— analysis of legal and strategic documents determining the directions of sewage sludge

management,

— analysis and evaluation of selected solutions used for energy use of sewage sludge,

— identification of key determinants influencing the selection of the method of sewage

sludge treatment.

3. Results

3.1. Quantitative and qualitative characteristics of sewage sludge generated in Poland

As it was mentioned in 2018, according to the statistics, the amount of municipal sewage
sludge generated in Poland was 583.1 thousand Mg. Taking into account the trends that were
observed in the generation of municipal sewage sludge and the dynamic development of sewage
and water supply networks, resulting in an increased amount of sludge, it is assumed that,
in terms of dry matter, the amount of sludge will increase by about 2-3% each year (KPGO,
2016).

Data concerning the amount of municipal sewage sludge generated and managed in the
years 2014-2018 are presented in the table below (Table 1).

It is worth noting, that storage of sludge on the territory of a sewage treatment plant has
a significant share in the statistics of municipal sewage sludge management. This indicates the
existence of barriers, probably legal or technical, which limited the proper management of
municipal sewage sludge.

Municipal sewage sludge generated in the treatment plant in its original form cannot be
treated as natural fertilizer (Bauman-Kaszubska and Sikorski, 2011), nor as a substrate for the
production of alternative fuels. Only a properly selected sludge treatment process (processing
and stabilization), resulting from the physical and chemical properties of the sludge, allows to

prepare the sludge for its final management.
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Table 1.
Municipal sewage sludge generated during the year in [Mg]
Description 2014 2015 2016 2017 2018
total 555,982 568,017 568,329 | 584,454 | 583,070
used in agriculture 107,222 107,536 116,028 108,520 118,333
used for land reclamation, including land for
agricultural purposes 21,961 19,167 20,075 19,695 17,410
used for plants intended for the production of
compost 46,330 47,103 31,817 25,889 25,196
thermally transformed 84,237 79,274 101,144 106,158 111,544
stored together 31,503 40,458 20,666 15,250 10,638
stored temporarily 62,192 56,397 47,253 51,325 50,011

Adapted from: Statistics Poland (stat.gov.pl) and Local Data Bank (bdl.stat.gov.pl)

In the context of energy use of waste, in this case sewage sludge, the basic parameter
determining the possibility of its processing as a fuel source is its calorific value, which depends
on the moisture and ash content and, in the case of sewage sludge, mainly on its chemical
composition (the mass of organic compounds). In addition, the high degree of hydration of
sewage sludge (up to 99%) decreases its energy properties (Kuklis et al., 2014).

For comparison, Figure 1 presents the ranges of calorific values for conventional fuels:
fossil (hard coal) and waste treated as alternative fuels (sewage sludge, municipal waste,
biomass, coal shale and sludge, as well as solid shredded waste — an example of alternative fuel

prepared through earlier processing and shredding of waste).
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Figure 1. Range of calorific value of selected fuels and waste for alternative fuels. Adapted from:
(Kuklis, I. et al., 2014; Sorek, A., 2012; Ostrojski, A., 2015)

As shown in the above figure, sewage sludge, compared to other waste and fuels,
is characterized by a comparable calorific value, especially to municipal waste and biomass.
Municipal sewage sludge is waste that can be used as an autonomous solid secondary fuel or

component. In practice, to increase calorific value and energy attractiveness, dried sewage
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sludge can be used as a substrate for the production of formed fuels, mixing it with other high-
calorific waste.

The requirements for alternative fuels include mainly three dimensions — calorific value,
chlorine content and mercury content (Table 2). This is mainly related to the production of
standardized Solid Recovered Fuel (SRF), which must meet the quality criteria set out in
CEN/TC343 (EN15359) (Szpadt, 2012).

Table 2.
Solid Recovered Fuel classes
Classification Statistical Unit Class
parameter measurement 1 2 3 4 5
net calorific average MlJ/kg >25 >20 >15 >10 >3
value (NCV)
chlorine average Yowt <0.2 <0.6 <1.0 <15 <3
content (Cl)
median mg/MJ <0.02 <0.03 <0.08 <0.15 <0.5
mercury
80th mg/MJ <0.04 <0.06 <0.16 <0.3 <1.0
content (Hg) .
percentile

Adapted from: (Szpadt, 2012).

It should be noted that exemplary studies (Czop, 2018) on a mixture of dried and granulated
sludge and polyolefins separated from the municipal waste stream showed the following
qualitative characteristics:

— net calorific value: 19.56 [MJ/kg],

— mercury content: 0.02 [mg/MJ],

— chlorine content: 0.11%.

The presented elementary composition of fuels confirms the possibility of classifying such

fuels from waste to high class solid secondary fuels.

3.2. Legal analysis and development directions

The Act on Waste of April 21, 2001 (Journal of Laws 2010.185.1243), is considered to be
the basic act regulating waste management, and thus also municipal sewage sludge,
accompanied by a number of regulations, including, among others:
— Regulation of the Minister of Environment of February 6, 2015, on municipal sewage
sludge (Journal of Laws of 2015, item 257);

— Regulation of the Minister of Climate of January 2, 2020, on waste catalogue (Journal of
Laws of 2020, item 10);

— Regulation of the Minister of Economy of July 16, 2015, on allowing waste to be placed
at landfills (Journal of Laws of 2015, item 1277).

In the case of thermal transformation of municipal sewage sludge, the Polish legislation
regulates this issue, among others, in the following legal acts: in the provisions of the Act of
April 27,2001, Environmental Protection Law (Journal of Laws of 2018, item 799, as amended)

and the above-mentioned Act on Waste, including executive regulations, in particular:
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— Regulation of the Minister of Environment of 2014 on the Requirements concerning
measurement of emission volume and the amount of water drawn (Journal of Laws of
2014, item 1542);

— Regulation of the Minister of Environment of November 4, 2014, on emission standards
for certain types of installations, sources of combustion of fuels and equipment for
incineration or co-incineration of waste (Journal of Laws of 2014, item 1546);

— Regulation of the Minister of Development of January 21, 2016, on the requirements for
conducting the process of thermal transformation of waste and the methods of handling
waste resulting from this process (Journal of Laws of 2016, item 108).

In this case, it is worth noting the fact that it is possible to classify energy from sewage
sludge combustion as energy from a renewable energy source. Of course, this requires a number
of conditions to be met, but the basis for such a possibility are the provisions of the Renewable
Energy Sources Act of February 20, 2015 (Journal of Laws of 2018, item 1269, as amended).
The abovementioned act defines biomass as a biodegradable fraction of industrial and
municipal waste, of plant or animal origin, including from waste treatment facilities, as well as
water and sewage treatment plants, in particular sewage sludge, in accordance with waste
regulations.

In addition, the provisions of the above-mentioned Act give the possibility to also include
in the support system for the use of energy from renewable sources the technologies of biogas
combustion produced, among others, in sewage treatment plants as a result of methane
fermentation. This means that, in practice, it is possible to classify appropriate part of electric
power (and/or heat) produced by the co-incineration of alternative fuels (e.g. sludge-based) as
renewable energy sources.

Apart from the legal regulations, it is also worth to outline development directions related
to waste management, including sewage sludge, which, on the basis of detailed analyses,
forecast changes and specify guidelines aimed at proper adaptation of the system.

The Strategy for handling municipal sewage sludge for 2019-2022, developed by the
Ministry of Environment in 2018, based on a detailed diagnosis of the sewage sludge
management system in Poland, identifies directions to ensure proper treatment of municipal
sewage sludge. These directions include: increasing the amount of municipal sewage sludge
treated before its release into the environment and increasing the amount of municipal sewage
sludge treated thermally.

Also within the framework of the National Intelligent Specializations established in Poland
(which indicate preferential areas of support for R&D works, serving the transformation of the
Polish economy into a circular economy model), an area called “IV. Waste and sewage” was
recognized, where the following topics were specified: (a) use, recovery and optimization of
energy consumption in water and sewage management, (b) technologies using sewage and

sludge as substrates for energy generation.
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3.3. Technologies related to the energy use of sewage sludge

The most common methods of sewage sludge management and disposal in Poland include:
agricultural / natural use, land and landfill reclamation, creation of sewage treatment plant sites
and sludge storage on the area of the plant, production of compost, storage on municipal waste
landfills, thermal utilization.

The share of applied solutions in sewage sludge management was determined by the
requirements of the European Union, which directly translated into the objectives of municipal
sewage sludge management in Poland:

1) no more storage of municipal sewage sludge,

2) increasing the amount of municipal sewage sludge treated before its release into the

environment, as well as thermally treated sewage sludge,

3) pursuing the maximization of the use of biogenic substances contained in the sludge
while meeting all sanitary, chemical and environmental safety requirements
(Ministerstwo Srodowiska, 2018).

In the context of thermal processing, there has been a dynamic development in recent years.

In the area of scientific research, interest in the use of sludge as a substrate for the production
of alternative fuels has increased, as well as in the search for technological solutions to increase
the efficiency of its processing.

Currently, among the most common solutions for thermal transformation of sewage sludge,
we can highlight numerous technological variants related to its incineration, co-incineration,

as well as treatment with alternative processes (Fig. 2).
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Figure 2. Thermal methods of sewage sludge conversion — technological variants. Adapted from (Bien
etal., 2011).
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The literature of the subject (Fericelli, 2011; Tarpani et al., 2020; Vatachi, 2019) shows that
the consideration of thermal applications as a waste management solution, including sewage
sludge management, is currently of increasing importance. Nowadays, in many European

countries, sewage sludge is treated by thermal transformation — incineration — as shown by the

statistics presented in the table (Bien et al., 2011).

Table 3.
Sewage sludge production and incineration from urban wastewater (in dry substance (thousand
tons))
TIME 2015 2016 2017
Sludge Sludge Sludge Sludge
production | Sludge disposal | production | Sludge disposal | production disposal

— total — incineration — total — incineration — total — incineration
GEO
(Labels)
Czech 210.24 14.24| 7% 206.71 18.91| 9% 22327 2499 11%
Republic
Germany 1,803.087 | 1,148.679 | 64% 1,794.443 | 1,142.893 | 64%
Greece 119.768 38.36 | 32% 119.768 38.36|32% : : :
France 1,238 138 | 11% 1,006 136 | 14% 1,174 149 | 13%
Hungary 172.01 23.02 [ 13% 215.08 60.53 | 28% 264.71 64.19 | 24%
Malta 8.44 0| 0% 10.77 0| 0% 10.3 0| 0%
Netherlands 354.6| 322.414|91% 347.6 319.846 | 92% : :
Poland 568 79.3 | 14% 568.329 101.144 | 18% 584.454 | 106.158 | 18%
Romania 210.45 0.5| 0% 240.41 0.38| 0% 283.34 0.02| 0%
Slovenia 29.1 15.1|52% 32.8 15.9|48% 36.7 12.4| 34%
Slovakia 56.24 16.91 | 30% 53.05 11.04 | 21% 54.52 12.24 | 22%

Adapted from: Eurostat.

Selected countries, for which statistics were available, are presented. It can be noted,
that the largest share of sludge incineration is in the Netherlands, Germany and Slovenia.
In Germany, the share of co-incineration of sewage sludge has started to increase rapidly over
the last century, which is currently higher than that of self-incineration. In the case of Poland,
co-incineration of mechanically dehydrated or dried sewage sludge is carried out in particular
in cement plants and, in the near future, after meeting certain requirements related to
EU emission standards, it may be carried out in other facilities, such as heat and power plants
or municipal waste incinerators (Pajak, Niesler, 2014).

According to data from the Strategy (Ministerstwo Srodowiska, 2018), currently there are
11 municipal sewage sludge mono-incineration plants in Poland, with a total capacity of
160.3 thousand Mg DM/year. Among them we can identify:

e Sewage Sludge Thermal Treatment Plant, located on the site of the “FORDON” sewage
treatment plant in Bydgoszcz, being an integral part of it. The capacity of the installation
1s 21-30 tons of dry matter per day. The dried sludge with approximately 33% dry matter
content is burned in a fluidized bed furnace (Miejskie Wodociagi i Kanalizacja

w Bydgoszczy, 2020);
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e Sewage Sludge Thermal Treatment Plant in Warsaw (located in the “Czajka” area),
based on the technology of fluidized bed incineration. It is the only installation in Poland
with combined heat and power generation (in a steam turbine);

e Sludge Thermal Disposal Station in Cracow, located on the site of Plaszow Wastewater
Treatment Plant, with an average capacity of 64 tons of dry matter per day (Wodociagi
Miasta Krakowa, 2020). The installation uses a Haarslev membrane disk dryer with
a capacity of 12 100 kg/h of wet sludge (22% DM), which corresponds to 4,714 kg of
evaporated water per hour. The dryer is supplied with heat in the form of hot steam,
which is recovered from the sludge incineration process. The dried sludge is then
subjected to a Pyrofluid™ combustion process, which is carried out in a fluidized bed
furnace. The target capacity of the incineration plant is 64 t of DM/day (Veolia, 2020).

Practice shows that sewage sludge incineration plants are rational in large treatment plants
associated with large agglomerations, as is the case of the mentioned facilities in Bydgoszcz,
Warsaw and Cracow. However, such incinerators also operate in £.6dz, Gdansk, Szczecin and
Kielce. An example of the smallest town where sewage sludge from a treatment plant is
thermally transformed is Lomza, where the Sewage Sludge Thermal Mineralization Plant is
located. The technology is based on a grate furnace and an integrated exhaust gas treatment
system.

The total capacity of the existing sludge thermal transformation installations in Poland is
160,000 Mg DM/year (Bien et al., 2014). It is also worth noting the slow increase in interest in
the share of alternative fuels used in the clinker burning process. According to data from the
Polish Cement Association, in 2016, the use of alternative fuels amounted to almost 70%
(the rest was coal consumption) (Polish Cement Association, 2019). In the general structure of
used alternative fuels, sludge alone represented less than 1%, while RDF = 86%. In order to
become a desired fuel for cement plants, sewage sludge must, first of all, be dried until the dry
matter content reaches at least 90% and contain as little dust as possible. Therefore, the sludge
dryer should be selected so that it meets all requirements. Another solution is to transfer the
sewage sludge to alternative fuel (RDF — refuse-derived fuel) production facilities, where it can
be mixed with structural material in the form of a high calorific fraction (combustible waste).
According to the literature (Bozym, 2013), an example of an alternative fuel based on sewage
sludge is its mixture with waste coal sludge, which creates granules. Another example is PBS
fuel, consisting of sewage sludge (53-62%), coal sludge (35-37%) and burnt lime (3-10%) in
cement kilns (Troniewski, Wzorek, 2004).

As regards the use of thermal methods to treat sludge, it is essential that the sludge should
be dried beforehand, which is a basic condition for its possible disposal, including as fuel.

The sludge drying or dewatering process is carried out in separate or combined drying
companies. Used types of dryers include: disc dryer; drum dryer; fluidized bed dryer; belt dryer;

solar dryer; as well as combination of different types. The drying process can basically be
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divided into two groups: partial drying, up to about 60-80% of dry matter content; total drying,
up to about 80-90% (EC, 2006).

Drying sludge in addition to increasing its calorific value allows for a significant reduction
in volume and weight and provides opportunities for temporary storage and transport.
(Chalamonski, Szymczak, 2017; Kapiszewski, 2016).

Another important aspect in the case of sewage sludge is the possibility to granulate or
briquette it. In literature (Kosturkiewicz, Janewicz, 2015), studies were carried out on
an attempt of briquetting municipal sewage sludge with burnt lime (as sorbent) and fine-grained
hard coal. In other studies, briquettes were formed from a mixture of sewage sludge and waste
burnt lime, creating a product characterized by good fuel properties (about 12 MJ/kg) at 10%
moisture content (Kosturkiewicz, Magdziarz, Wilk, 2011). This confirms the relevance of
exploring solutions to convert sewage sludge into alternative fuel by mixing it with other,
specially selected components, producing fuels in granular form, with energy properties
allowing their use in co-incineration with coal, in particular in the process of burning cement
clinker.

The dried sewage sludge can be used for co-incineration, as a mixture with waste wood,
rapeseed and rye straw, pine bark and coal in different volume and mass proportions.
The calorific value of the dried sewage sludge is about 14 MJ/kg. The dried sewage sludge is
free of heavy metals, but has a significant amount of ash reaching up to 35% of its weight
(Chalamonski, Szymczak, 2017).

4. Conclusions

Excess sewage sludge means that treatment plants need to look for new solutions to manage
and use it properly. The requirements of the European Union in terms of share of renewable
energy in the total energy production determine the need to take actions related to more
effective use of the energy potential of biomass and sewage sludge.

Sewage sludge, which cannot be used for agricultural purposes due to its inadequate
chemical composition, is thermally treated in most of the large urban agglomerations.

The problem of rational management of municipal sewage sludge has become a serious
economic, ecological, technical and social problem in Poland.

The adopted legal documents and strategies clearly indicate the energy use of sludge as one
of the directions to ensure proper treatment of municipal sewage sludge.

As regards environmental issues, the incineration and co-incineration of sewage sludge in
cement kilns is a pro-environmental solution, which allows, among others:

— for legal regulations to treat sewage sludge as a COz-neutral energy source,

— to increase the possibility of obtaining additional renewable energy sources,
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— to reduce the consumption of fossil fuels,

— the possibility of managing large amounts of sewage sludge — high process efficiency,

— the possible recovery of phosphorus from ashes (possibly only in mono-incineration
plants).

However, it should be noted that, in the context of physico-chemical properties, sludge is

classified as a difficult alternative fuel, mainly due to the following factors:

— Due to hydration, the use of sewage sludge as an alternative fuel is difficult, so it has to
be dried or mixed with waste with high dry matter content (high costs of sludge drying
installations and significant heat consumption).

— In terms of chemical composition of sewage sludge, the parameters limiting its use are
mercury, chlorine and P>Os content (this is particularly important in cement plants).

— Due to the variability of the sludge composition, it is necessary to analyze it regularly,
in order to obtain a complete picture of possible changes.

— The use of municipal sewage sludge for incineration in the professional power industry
requires that energy installations meet the requirements for the thermal conversion of
waste.

— Sludge in the form of granules is the preferred alternative fuel (preparation costs).

— Economic issues — the cement plant charges the sludge producer, treatment plant,
a fee for each ton of delivered dewatered sludge.

The implementation of a sludge mono-incineration plant is considered a practical and
rational solution. This is important because of the possibility to recover energy from the sludge
incineration process and use it for sludge drying. Such installations involve high investment
expenditure and their practical application is particularly visible in large agglomerations
(reduces to a minimum the need to export the sludge to other installations — burdensome for
local residents).

However, the recent trend in the expansion of sewage treatment plants to include sludge
drying facilities allows for a new look at the energy use of sludge and a significant expansion
of potential customers of this fuel. In this context, the size of the treatment plant, which
determines the energy efficiency of the solution, is also important.

Taking into account the above solutions, the energetic use of sludge is still an ecologically
important topic, but it is significantly limited by economic issues. In this respect,
a comprehensive approach is required, taking into account the whole sludge management
system at a local level. The possibility to diversify sewage sludge management at the level of
an individual plant provides greater opportunities to cope with the increasing amount of
generated sludge, as well as with legal and market requirements related to its management.
In order for the implemented solutions to be justified, it is crucial to increase the measurable

benefits for plants that generate sludge, and not only for plants treating them thermally.
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