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Abstract
The methods of sewage sludge management in Poland have largely been determined by the legal requirements related to 
the Poland’s membership in the European Union. Since 1st January 2016, sewage sludge landfilling is prohibited. It must 
be emphasised that legal changes regarding wastewater management, along with the systematic increase in the volume of 
produced sludge, entail the necessity to change the existing method of sewage sludge management. This paper contains an 
analysis of solutions for management of sewage sludge produced in Poland over the period of 8 years. The goal of the work 
was an assessment of comprehensive management of sewage sludge produced in Poland from 2009 to 2016. Despite the 
decrease in the agricultural use of sewage sludge, their average share of 32% was the highest among other forms of sewage 
sludge management in Poland. Another form, related with the final stage of sewage sludge management, concerned its thermal 
processing. It was treated as a promising method, with a 19% increase over the analysed period. An optimal solution should 
be found to ensure safe management of sewage sludge.

Keywords Sewage sludge · Wastewater treatment plant · Degraded land reclamation · Sewage sludge incineration · Natural 
use of sewage sludge

Introduction

The chemical and biological composition of sewage sludge 
determines the method of disposal [1], while its composition 
depends on the content of contaminants in wastewater, as 
well as sewage treatment technology [2].

The volume of sewage sludge produced in the world, that 
must be managed in a safe manner for the environment, is 
rapidly increasing [3]. On this basis, the member states of 
the European Union were obliged to implement the sewage 
sludge Directive 86/278/EW of 12 June 1986. According to 
this directive, the use of sludge in agriculture is prohibited 
if the concentration of heavy metals exceeds certain limit 
values. The directive calls for the use of treated sludge, but 
it does not specify processing operations [4].

Another regulation, Directive 2000/60/EC, of the Euro‑
pean Parliament and Council of Europe was adopted on 23 

October 2000 and set the norms of joint community action 
in the field of water policy [5]. The Water Framework Direc‑
tive defines sludge not as waste material, but as a ‘product’ 
of sewage treatment.

In turn, Directive 91/271/EEC, adopted on 21 May 1991, 
concerns the treatment of municipal sewage and is the 
operational directive [6]. This directive obliges managers 
to monitor and report municipal sewage treatment and the 
final disposal of municipal sewage sludge for agglomera‑
tions. Sewage sludge is also the subject of European Parlia‑
ment and Council Directive (2008)/98/EC of 19 November 
2008 on waste, which is the Waste Framework Directive 
that regulates recycling of wastes, including sewage sludge. 
The directive states that the prevention of waste production 
is the first priority. The second is the preparation of waste 
for reuse, recycling, or other forms of recovery, and finally, 
waste disposal. It is not possible to avoid the production 
of sewage sludge. Therefore, other steps of dealing with 
this specific waste are very important (i.e. preparation for 
reuse, understood as sludge reprocessing, including possible 
energy recovery or organic recycling) [7]. Limits regarding 
storing sewage sludge were introduced by Directive 99/31/
EC of 26 April 1999, called the Landfill Directive [8].
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Alternative configurations for sludge management include 
mesophilic and thermophilic anaerobic digestion and com‑
posting, incineration, gasification and supercritical water 
oxidation. The global warming potential and the annual cash 
flow of each alternative are used to estimate a composite 
indicator for each alternative. According to Garrido‑Baserba 
et al. [9], stakeholder preferences are integrated into the 
assessment through the development of scenarios prioritis‑
ing economic or environmental aspects.

A successful strategy for sewage sludge management in 
the EU includes two major principal trends. The first one is 
the production of heat and electricity (made from biogas) as 
specific products that have renewable potential. The second 
trend is to treat the bio‑solids as products, in which the sew‑
age sludge is a major component. Sustainable development 
of sewage sludge procedures include (1) maximising the 
sludge recycle/recovery benefits through renewable energy‑
dependent systems and (2) developing innovative technolo‑
gies and management systems, which are appropriate for 
local environmental conditions, including geo‑economy, 
climate, etc. [10].

The nature of incoming sewage treatment plants and tech‑
nological processes in sewage treatment plants determines 
the physicochemical properties of sewage sludge. In Poland, 
the content of organic compounds susceptible to biologi‑
cal degradation varies within wide limits from about 70% 
dm in crude sediments to 45–55% dm in digestate sludges. 
The most important harmful organic compounds present 
in sediments include, among others, polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 
polychlorinated dibenzodioxins and dibenzofurans (PCDD/
Fs), adsorbed organic chlorine compounds (AOXs) and pes‑
ticides [11].

A critical issue in the management of sewage sludge is 
the recognition of their environmental and social influences. 
Environmental sewage sludge management issues related to 
the recycling of sewage sludge on land include the risk of 
nutrient leaching, effects on soil biodiversity and greenhouse 
gas emissions. The environmental effects of a sludge line 
are dependent on the way the processes of management 
are implemented with each other [12]. The initial assess‑
ment in the aspect of the social influence of sewage sludge 
includes human health benefits from the reduced application 
and human health costs from alternative routes of disposal 
(e.g., air pollution from incineration and odour or amenity 
effects) [13].

Sewage sludge management is one of the significant chal‑
lenges of wastewater management [14] and is one of the 
most important environmental problems in Poland [15]. In 
Poland, such activities have been included in the National 
Urban Wastewater Treatment Programme (NUWTP) 
approved on 16 December 2003, which outlines the state 

policy in wastewater management [16]. The NUWTP is 
a strategic document, coordinating the fulfilment of obli‑
gations assumed by Poland in the accession treaty of the 
91/271/EEC directive [6]. The programme contains a list of 
necessary undertakings that must be carried out within the 
scope of construction and modernisation of wastewater treat‑
ment plants or collective sewage systems. In Poland, man‑
agement of urban sewage sludge is regulated by the waste 
management act [17]. In the first place, sewage sludge must 
be processed at the site of origin, considering the hierarchy 
of waste treatment methods, using the best available tech‑
nique. One of the final methods of sewage sludge manage‑
ment, including biological processing methods, is recovery, 
which is reuse of sludge (in various forms of processing) in 
restoring or giving new properties to the degraded. In the 
hierarchy of waste management, the final stage aims at neu‑
tralisation of sludge, which includes incineration and land‑
filling. The incineration is the most popular sludge disposal 
method in Europe [18], allowing to reduce its volumes.

In turn, sewage sludge landfilling is a process that has 
a significant impact on global warming [3]. Taking into 
account the increasingly stringent laws of the design and 
operation of new landfills [8], as well as the rapidly increas‑
ing costs of construction and operation of landfills [19], the 
amount of sewage sludge being stored is decreasing. Another 
factor limiting this form of sewage sludge disposal is the 
requirement that the landfilling must be reduced to 35% of 
biodegradable content by 2020 [20].

The goal of the work was an assessment of comprehen‑
sive management of sewage sludge produced in Poland from 
2009 to 2016.

Materials and methods

This paper contains an analysis of sewage sludge manage‑
ment in Poland based on the statistical data (from 2009 to 
2016) [21]. The analysis encompassed the number of waste‑
water treatment plants and individuals using those facilities, 
as well as the data concerning sewage sludge management 
in agriculture, land reclamation, use in cultivation of plants 
intended for composting, thermal processing, temporary 
storage at wastewater treatment plants, landfilling and other 
methods. Eurostat available data (2010, 2012–2014) were 
also included in the work [22].

The megagram (Mg) is a unit of mass in the International 
System of Units (SI) that is defined as  103 kg using the SI 
prefix system. In this work, a gigagram (Gg) is a decimal 
multiple of the base unit of mass in the kilogram, where 
1 Gg = 109 g = 106 kg [23].

Due to the type of sewage treated in Poland, the treatment 
plants are distinguished into the following four stages [24]:
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1. Removal of solids,
2. Biological treatment,
3. Purification using biological and chemical methods 

(reduction of BOD5 and biogenic compounds),
4. Removal of residual pollutants.

One of the important processes for wastewater treat‑
ment is the mechanical–biological method. Figure  1 
shows the wastewater treatment plant in the mechani‑
cal–biological system, considering the removal of bio‑
genic compounds with mechanical sludge dewatering 
in Poland. The technological line includes the follow‑
ing devices: dense grates, vertical sand traps, averaging 
tanks, thickeners, dephosphatation chambers, nitrification 
chambers and secondary settling tanks [25].

Results and discussion

Figure 2 presents the number of sewage treatment plants 
in Poland, based on mechanical and biological treatment 
plants and those with improved biogenic compounds 
removal (IBCR). From 2009 to 2016, the number of munici‑
pal wastewater treatment plants increased by 100 facilities 
(3,153–3,253). While, in terms of wastewater treatment effec‑
tiveness, 131 new biological treatment plants and 13 plants 
with IBCR were launched. Within the period 2009–2016, 44 
mechanical treatment plants were closed. It is noted that the 
increase concerned both general number of operating facili‑
ties and the inhabitants served. The trend related to system‑
atic reduction of ineffective facilities to increase the propor‑
tion of more technologically advanced plants was the sign of 
consistent implementation of the NUWTP.

Fig. 1  The wastewater treatment plant in the mechanical–biological system, considering the removal of biogenic compounds with mechanical 
sludge dewatering in Poland (flows) [25]

Fig. 2  Number of wastewater 
treatment plants in Poland [21]

2009 2010 2011 2012 2013 2014 2015 2016
mechanical 63 59 55 55 39 22 20 19
biological 2277 2263 2261 2316 2405 2446 2427 2408
increased removal nutrients 813 814 827 820 820 820 826 826
total 3153 3136 3143 3191 3264 3288 3273 3253
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Figure 3 presents the percentage of inhabitants using 
wastewater treatment plants in urban and rural areas in 
Poland. Over the seven analysed years, a systematic increase 
in the percentage of inhabitants using wastewater treatment 
plants could be noticed, reaching 9%. According to Werle 
et al. [26], an increasing number of sewage system connec‑
tions is followed by the increase in the volume of sewage 
sludge produced. In Chile, sludge generation is one of the 
most important issues for sewage treatment plants [27]. A 
significant increase could be noticed since 2012, which was 
4% in relation to the base year. The percentage of inhabit‑
ants using wastewater treatment plants in cities increased by 
7%. Similarly, in 2012, the largest increase (by 4%) was also 
observed. In rural areas, the percentage of inhabitants using 
wastewater treatment plants increased by 14% in relation 
to the base year. In 2012, similarly highest increase by 6% 
in the percentage of inhabitants using wastewater treatment 

plants in relation to 2009 was observed. In 2016, it reached 
41% (Fig. 3). However, this share was significantly lower, 
by as much as 54%, in relation to the highest in 2016 for 
the inhabitants of the city using the sewage treatment plant. 
The sludge generated in wastewater treatment plant needs to 
be disposal not only due to legal requirements, but also for 
practical and aesthetic reasons [28]. In Poland, over the last 
few years, a general increase in production of sewage sludge 
has been observed. Figure 4 presents the volume of sew‑
age sludge produced in the wastewater treatment process in 
Poland. According to the data of the Statistics Poland (SP), 
the dry matter (dm) of sewage sludge reached 568.329 Gg 
dm in 2016, which was approximately 49.000 Gg more than 
in 2011. The volume decrease in generated sewage sludge 
occurred in 2010–2014 in the period from 2010 to 2014 in 
relation to 2009, which was related to the rate of increase of 
inhabitants using wastewater treatment services. This rate 

Fig. 3  The percentage of inhab‑
itants using sewage treatment 
plants in urban and rural areas 
[21]
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is lower than the rate of reduction of sludge weight as a 
result of sludge stabilisation. Large wastewater treatment 
plants recorded a decrease in the unitary production of sew‑
age sludge [29]. Since 2015, an increase in the production 
of sewage sludge has been observed, which should be con‑
nected with the increase of sewage systems and the increase 
in wastewater volumes, as well as the improvement of effi‑
ciency of water purification processes in water treatment 
plants [30]. The increase in the volume of sewage sludge in 
Poland is determined by a number of factors related to the 
adjustment of the sewage sludge management to the Euro‑
pean Union (EU) directives and, in particular, the 91/271/
EEC [6]. That increase of sewage sludge is related to the 
trend observed around the world, as indicated by Catallo and 
Comeaux [31]. But the decrease of sewage sludge amount 
between 2009 and 2010 of 6% was showed (Fig. 4). It may 
have been caused by reduction in the volume of water intake 
for industrial and municipal purposes due to the liquida‑
tion of unprofitable industrial plants and the introduction 
of modern technologies in the industry (with closed water 
circuit), as well as water saving by the population after the 
introduction of consumption metering [32].

The development of sewage systems, as well as mod‑
ernisation of wastewater treatment plants to implement the 
high‑efficiency technologies oriented on removal of biogenic 
compounds, or construction of new sewage treatment plants 
[28, 33].

Sewage sludge, when properly processed, i.e. compacted, 
stabilised, dehydrated, dried and incinerated, may be used 
in different ways. Table 1 presents the methods of usage of 
urban sewage sludge during the period 2009–2016.

A change in the sewage sludge management trends could 
be observed in the analysed period. These changes were 
mostly determined by legal regulations enforced in Poland, 
following the EU legislation. One of the most significant 

limitations is the prohibition in force since 1st January 
2016, concerning the storage or composting of urban sew‑
age sludge in landfill sites [34]. The prohibition of this type 
of activity is strictly connected to the 1999/31/EC directive 
[8]. It prohibits landfilling sewage sludge with gross calorific 
value exceeding 6 MJ kg−1 of dry matter.

With reference to the base year (2009), in the following 
years, a decrease in the volume of sewage sludge used for 
land reclamation for agricultural purposes may result from 
setting increasing requirements in terms of physical, chemi‑
cal and biological sanitary properties as well as chemical 
and physical properties of soils in Poland. The total volume 
of sludge to be used for restoration purposes dropped by 
57.700 Gg of dry matter (74%) from 77.834 Gg of dry matter 
in 2009 to 20.075 Gg of dry matter in 2016. A significant 
decrease was observed after 2012. In 2013, the volume of 
sewage sludge reached 29.407 Gg of dry matter (62% less). 
These results are reflected in the structure of sewage sludge 
management in Poland (Table 1).

In the National Waste Management Plan (NWMP) [35], 
one of the recommended methods of recovery is using sew‑
age sludge for agricultural purposes. It has been assumed 
that until 2020, approximately 30% of the volume of pro‑
duced sewage sludge would be used in agriculture. Sludge 
with high content of organic substances, microelements and 
biogenic compounds has soil‑forming and fertilising prop‑
erties [36]. However, before introducing sludge into the 
ground, sanitary and chemical safety requirements must be 
met. The responsibility for proper usage of sewage sludge 
for agricultural purposes lies on the producer of the sludge 
[37]. Reusing sewage sludge in the ground and incineration 
are among the major practices approved by the EU‑27 (all 
EU member states) to be implemented until 2020 [38].

Environmental and agricultural usage of sewage sludge is 
possible when proper legal requirements are met, concerning 

Table 1  The methods of usage of urban sewage sludge during the period 2009–2016 [21]

Directions of handling sewage sludge Unit 2009 2010 2011 2012 2013 2014 2015 2016

Used in agriculture (Gg) 123.092 109.325 116.241 115.024 105.448 107.222 107.536 116.028
(%) 32 32 33 32 31 30 31 34

Used for the reclamation of land 
including land for agricultural 
purposes

(Gg) 77.834 54.279 54.386 50.280 29.407 21.961 19.167 20.075
(%) 20 16 16 14 9 6 5 6

Used for growing plants intended for 
the production of compost

(Gg) 25.516 30.940 30.998 33.335 32.556 46.339 47.103 31.817
(%) 7 9 9 9 10 13 13 9

Thermally transformed (Gg) 8.854 19.818 41.629 56.644 72.900 84.237 79.274 101.144
(%) 2 6 12 16 21 24 23 30

Disposal (Gg) 81.622 58.917 51.447 46.796 31.369 31.503 40.458 20.666
(%) 21 17 15 13 9 9 12 6

Temporary storage (Gg) 72.894 68.228 53.103 52.684 70.028 62.192 56.397 47.253
(%) 19 20 15 15 20 18 16 14
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the quality (content of pathogenic organisms and toxic sub‑
stances), method of application and area of land in which it 
may be used. Sewage sludge that is characterised by high 
fertilising content may be used as a fertiliser or in recla‑
mation of degraded land. However, before using sludge, 
the guidelines included in the resolution must be taken 
into account [39, 40]. These regulations indicate allowable 
levels of heavy metals, number of living eggs of intestinal 
parasites, allowable doses of urban sewage sludge that may 
be used within a year per land area unit, etc. In 8 years, a 
decrease in agricultural usage of sewage sludge amounted 
to 7.064 Gg of dry matter (123.092 Gg of dry matter in 
2009 and 116.028 Gg of dry matter in 2016) (Table 1). A 
significant problem related to environmental usage of urban 
sewage sludge is high content of heavy metals [41]. The 
lowest volume of sewage sludge used in agriculture was 
105.448 Gg of dry matter in 2013. After 2013, a slight 
increase in the amount of sewage sludge used in agriculture 
was observed. In 2016, the percentage of sewage sludge for 
agricultural usage increased to 8%. In 2009, the weight of 
sludge used in cultivation of plants for compost production 
reached 25.516 Gg of dry matter, which was 7% of the total 
usage of sewage sludge in Poland. In the following years, 
until 2012 and 2016, an increase up to 31 and 45%, respec‑
tively, was observed. The year 2016 marked a decrease of 
6%, which means that the volume of sewage sludge used for 
compost production in the period from 2010 to 2013 was the 
same (Table 1). Hong et al. [3] demonstrated the possibility 
of using compost as a soil improver applicable in agriculture 
and horticulture, allowing the return of carbon, nitrogen, 
phosphorus and other elements to the soil. Assuming that 
in the year 2020, the use of sewage sludge in reclamation 
should be over 10%, according to the NWMP [35], using 
the existing infrastructure in a correct way and following 
the requirements concerning the quality of compost should 
allow reaching the proper level, quite easily. In particular, 
this course is recommended for small and medium wastewa‑
ter treatment plants.

In 2009, land reclamation, including agricultural lands, 
constituted 14%, while in 2016, only 4% of the total sludge 
usage. According to the data of the SP [42], the area of 
degraded lands to be recovered in Poland was stability, 
63,000 hectares on average. Mining (extraction of coal 
and rocky materials) has the largest impact on formation 
of degraded lands [43]. While analysing the data, it must 
be pointed out that the extent of restoration of degraded 
lands is not satisfactory. In 2016, 1,400 hectares of land 
were restored (approximately 3.1% of the total area to be 
reclaimed) [37].

With regard to the changes in the structure of recovery 
and disposal of urban sewage sludge specified in the NWMP 
[35], it is expected that about 20% of sewage sludge would 
be used for land reclamation purposes in the year 2020. 

Considering the guidelines included in the NWMP [35], as 
well as the information concerning the unsatisfactory extent 
of land reclamation in Poland, it can be concluded that the 
trend related with land reclamation would be developed. 
Possible obstacles that most probably caused the decrease 
in popularity of sewage sludge usage for land reclamation 
purposes, including agricultural terrain, may be connected 
with legal conditions.

Temporary storage of sewage sludge at wastewater treat‑
ment plants (yards, lagoons, settling ponds) is related to 
landfilling or accumulation for transport and further use. 
The percentage of this method of sludge management gener‑
ally decreased in the period from 2009 to 2016. In 2016, in 
relation to 2009, the volume of temporarily stored sewage 
sludge dropped from 72.894 Gg of dry matter to 47.253 Gg 
of dry weight (25.641 Gg of dry weight less). A certain 
fluctuation was observed in 2014; after a period of decrease 
in the volume of stored sewage sludge, an increase in the 
amount was recorded in 2009 (constituting 13% in the sew‑
age sludge management structure). The following years 
marked a decrease of 8% in the sewage sludge management 
structure in 2016 (Table 1).

Thermal methods of urban sewage sludge disposal 
include incineration, co‑incineration and so‑called alterna‑
tive methods such as: gasification, pyrolysis and wet oxida‑
tion. According to Pająk [44], the category of thermally pro‑
cessed sewage sludge refers to a collective participation of 
thermal processing methods such as drying, co‑incineration, 
incineration in installations dedicated for sludge burning 
(so‑called mono‑incineration plants). Bień [45] has pointed 
out that sewage sludge drying is not a final neutralisation 
method, but rather a step towards it, and therefore it should 
be treated as a third stage of sewage sludge dehydration. The 
use of thermal methods of processing urban sewage sludge 
usually requires prior drying. In 2014, in Poland, there are 
30 drying plants of thermal and sun drying of sewage sludge, 
with the yearly capacity of approximately 160.000 Gg of dry 
matter [11]. Incineration of sewage sludge is conducted at 
11 mono‑incineration plants (seven fluidized bed and four 
grate incinerators). Co‑incineration in cement factories is 
also developed. In 2014, yearly potential of cement factories 
is estimated at approximately 170.000 Gg of dry mass [46]. 
Over the last few years, an evident development of thermal 
methods of sewage sludge processing has been observed. 
In 2009, the volume of thermally processed sewage sludge 
reached 8.854 Gg of dry weight (Table 1). It was only 2% 
of the total sewage sludge management structure. In the fol‑
lowing years, a gradual increase of participation of thermal 
methods in the sewage sludge management structure was 
noticeable, from 12% in 2012 to 24% in 2014 and 30% in 
2016 (Table 1). Undoubtedly, that change was determined 
by launching another waste incineration plant. In Germany, 
the share of thermal methods of sewage sludge processing 
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exceeded 50% in relation to other forms of their manage‑
ment [22].

In Poland, until mid‑2010, there were only three mono‑
incineration plants with the total capacity of 37.300 Gg of 
dry matter. A noticeable change occurred in 2013, related 
to the increase in the number of waste incineration plants. 
As of 2013, there were 11 installations (mono‑incineration 
plants) operating in large municipal sewage treatment plants. 
An alarming fact is that these systems do not use its poten‑
tial [46, 47]. In 2013, the volume of thermally processed 
urban sewage sludge reached 2.900 Gg of dry mass (3%), 
which was approximately 46% of the nominal capacity of 
the mono‑incineration plants. Thermal processing of more 
than 30% of waste until 2020 is recommended in the NWMP 
[36]. The significant role of thermal processing of sewage 
sludge was also confirmed by Werther and Ogada [48]. The 
mentioned legal restrictions concerning the environmental 
usage of sewage sludge, as well as the prohibition of landfill‑
ing of unprocessed sludge, were in force since 1st January 
2016, undoubtedly an impulse for intensification of activi‑
ties was aimed at using the potential of thermal processing 
methods [47].

Due to high costs of sewage sludge utilisation by ther‑
mal post‑processing, this solution is particularly applicable 
in large urban agglomerations [11]. Thermal processing is 
one of the best solutions, mainly because of maximum 
reduction of waste volume and its full hygienisation. The 
most common systems of sewage sludge thermal pro‑
cessing are those based on the fluidized bed incinerator 
technology [28]. Of course, sewage sludge must be dried 
before incineration, which entails additional costs. But 
after burning, the ash can be deposited at a local non‑dan‑
gerous waste landfill site [49]. Lundin et al. [50] claimed 
that the costs of co‑incineration of sewage sludge are much 
higher than the cost of its agricultural use. Landfilling of 
sewage sludge is one of the most cost‑effective and simple 
methods of sewage sludge management from the point of 
view of sewage treatment plant operators. This process 
was legal in Poland until 1st January 2016. Sewage sludge 
was stored within the ground or on the surface (e.g. of a 
landfill site), mostly in a pre‑stabilised, low‑mineralised 
form, with high organic content. Since 2016 landfilling of 
unprocessed sewage sludge has been practically impos‑
sible, as this method of management does not fulfil the 
requirements specified in the resolution [35]. The docu‑
ment clearly prohibits landfilling sewage sludge with gross 
calorific value exceeding 6 MJ kg−1 of dry matter. Only 
processed sludge, in the form of ash or stabiliser may be 
used as alternative raw materials or additives to build‑
ing materials [51]. The volume of sewage sludge stored at 
landfill sites in 2009 was 81.622 Gg of dry weight. This 
method of sewage sludge disposal was used in Poland for 
21% of sewage sludge volume, while in Croatia it was 

almost 100% [22]. In the following period, from 2010 to 
2016, a decrease related to a significant reduction in sew‑
age sludge landfilling was observed. In 2016, in compari‑
son with the base year 2009, the volume of sewage sludge 
was reduced to 22.666 Gg of dry matter (decreased by 
60.956 Gg of dry matter) (Fig. 4). However, the participa‑
tion of landfilling in the sewage sludge management struc‑
ture was still 6% in 2016 (Table 1). It should be noted that 
landfilling methods should be finally replaced with limited 
or thermal recycling methods or sewage sludge would have 
to lose the status of waste.

It should be noted that landfilling methods should be 
finally replaced with limited or thermal recycling methods 
or sewage sludge would need to lose the status of waste. 
This solution should be designated through the new strate‑
gies of eco‑innovation for trends to meet the main concept 
of the European Commission’s current strategy of ‘reduc‑
ing, reusing, recycling’ understood as the most favourable 
waste management hierarchy [10]. In most cases, a shift 
in the effort towards the use of the energy value of sewage 
sludge is expected in legislation [52].

Conclusions

• The increase in the number of inhabitants using waste‑
water treatment plants in the analysed 8‑years period 
was related to the adjustment of Polish legal regula‑
tions to the EU legislation.

• The growth of the sewage sludge volumes was caused 
by improved access to sewage systems and the effi‑
ciency of sewage treatment processes in wastewater 
treatment plants in Poland. A noticeable decrease in 
the amount of sewage sludge produced after 2009 was 
caused by the reduction in the number of inefficient 
sewage treatment plants and saving water by recipients.

• The agricultural use of sewage sludge was the highest 
average share of 32% in total weight, despite signifi‑
cant quality requirements of sludge for use in agricul‑
ture (content of pathogenic organisms and toxic sub‑
stances).

• A significant increase (by 19%) was observed in the 
use of thermal methods of sewage sludge neutralisa‑
tion, which was determined by the launch of several 
new incineration plants, to improve the effectiveness 
of waste management, in accordance with the EU and 
Polish requirements.

• The significant decrease in the proportion of landfilled 
sewage sludge (reduction to 46%), resulting from the 
enforcement of new requirements concerning, e.g. 
waste gross calorific value, should be considered posi‑
tive.
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