

  sustainability-12-03686




sustainability-12-03686







Sustainability 2020, 12(9), 3686; doi:10.3390/su12093686




Article



Directions and Challenges in the Management of Municipal Sewage Sludge in Poland in the Context of the Circular Economy



Ksymena Rosiek[image: Orcid]





Department of Industrial and Environmental Policy, Cracow University of Economics, 27 Rakowicka Street, 31–510 Krakow, Poland







Received: 17 February 2020 / Accepted: 24 April 2020 / Published: 2 May 2020



Abstract

:

Landfilling was the main method of sewage sludge disposal in Poland for decades. After Poland’s accession to the European Union (EU), many investments have been made into providing better access to tap water as well as to collect and treat municipal sewage. However, sewage sludge treatment has not been treated as an integral part of the implementation of wastewater management obligations. Stricter European Union regulations regarding the management of municipal sewage sludge (MSS) pose new challenges for Poland. The aim of this study was to analyze changes in the direction of the final management of municipal sewage sludge in Poland based on the analysis of strategic documents, regulations, literature, and available statistical data. The aim of the analysis was to search for directions to modify how sewage sludge is managed, given the approach promoted by the circular economy concept. The results prove that investments in wastewater treatment plants according to the EU sewage directive are not applied to the development of infrastructure that would enable the disposal of sewage sludge, which, for many years, has been stored (landfilling) or used directly in agriculture and ground reclamation. The introduction of stricter regulations in the area of sewage sludge usage and better wastewater treatment have increased the level of difficulties concerning sewage sludge management. Poland faces the challenge of defining sewage sludge management directions. The circular economy concept offers an approach that can be the basis for the creation of a new sewage sludge management strategy for Poland. The concept allows the combined goals of sewage sludge disposal and of energy and nutrients recovery to be achieved.
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1. Introduction


With its accession to the European Union (EU), Poland intensified its efforts to expand its municipal sewage infrastructure and sewage treatment process. The increase in the level of socio-economic development of Poland as well as water and sewage investments, including the construction and modernization of sewage treatment plants, are the main factors affecting the increase in water abstraction and sewage production in the municipal sector, thus increasing the amount of generated municipal sewage. The rising prices of water supply and sewage collection are, in turn, important factors limiting this trend.



While municipal sewage sludge (MSS) accounts for a small percentage of total waste production, its impact on the environment and the risks involved in the process of its use are considerable. Despite many postulates of scientists and practitioners, Poland did not have an integrated strategy for sewage sludge management by the end of 2018, and the requirements in this area, including the ban on the landfilling and limitation for agricultural use, are constantly growing.



The aim of this study was to analyze changes in the approach to sewage sludge in the municipal economy in Poland based on strategic documents and available statistical data. The aim of the analysis was to search for directions for modifying how sewage sludge is handled given the approach promoted by the circular economy concept, which can be implemented in Poland. An additional purpose of this study was to review legal acts in this field that affect the directions of actions on sewage sludge management.



Sewage Sludge as an Element of Resources Management in the Circular Economy Concept


The dominant management model shaped by the civilization process is linear, based on the take–make–consume and dispose scheme. This approach could work with a relative availability of resources (relative abundance of resources, low acquisition costs, and significant environmental opportunities for receiving and disposing of waste). The increases in the population and both the standard and length of living, as well as widespread consumerism, contribute to the rapid growth of restrictions that prevent further functioning of the linear model of the economy. This is not a fashionable concept, but ruthless haste drives us toward the circular economy.



Boulding introduced a precursor to the concept of the circular economy in his article “The Economics of the Coming Spaceship Earth” [1] (p. 129–131); [2] (p. 336–337) indicated that in the last century, the economy has been unsustainably developing, and economic models do not consider the depletion of resources and pollution deposited in the environment. As there are no unlimited reservoirs of resources or the possibility of disposing of waste, the Earth is a lonely spacecraft with limited specific resources and a specific capacity of pollutant emissions; thus, the economic system should be changed and production efficiency and consumption should be minimized. Therefore, the measure of economic success is the availability and quality of capital, as well as the well-being of the population.



Many economists have dealt with the theories that became the foundation of building the circular economy. For instance, Ayres and Kneese expanded the theoretical analysis in economics and introduced material balance analysis, including energy flow analysis [3,4] (p. 649); [5] (p. 59).



In 1990, Pearce emphasized the importance of four functions provided by the environment: amenity value, a resource base for the economy, a sink for residual flows, and a life support system. The environment has value in itself, but the neoclassical economic analysis of the environment uses an anthropocentric approach, with an emphasis on the usefulness of the environment for people, measured in terms of economic well-being. Therefore, the relationships between these four functions of the environment were emphasized and the focus was on their valorization [6] (p. 135). In the breakthrough work of Leontief, The Economy as Circular Flow [7], their achievements were later used, among others, in input–output analysis.



The concepts that were particularly important for the development of the circular economy [8] are listed below:




	
Laws of ecology—by B. Commoner in the book The Closing Circle: Nature, Man, and Technology from 1971 [9];



	
Regenerative design—by J.T. Lyle in the book Regenerative Design for Sustainable Development [10];



	
Industrial ecology—by T.E. Graedel in the article “On the Concept of Industrial Ecology” [11];



	
Cradle to Cradle—by W. McDonough and M. Braungart in the book Cradle to Cradle: Remaking the Way We Make Things from 2002 [12];



	
Biomimicry—by J.M. Benyus in the book Biomimicry: Innovation inspired by nature [13];



	
Looped and performance economy—by W. Stahel in the book The Performance Economy [14]; and



	
The blue economy—by G.A. Pauli in the book The Blue Economy: 10 Years, 100 Innovations, 100 Million Jobs [15].








Particular attention should be paid to Stahel and his Performance Economy Concepts [14], in which the possibility is shown of improving prosperity and increasing employment while reducing pressure on the environment based on the functional service economy (FSE) model. Their considerations are based on the distinction between flows and stocks, and indicates not only the importance of their quantity, but, above all, their quality. The author emphatically calls them “river” and “lake”, which refer to broadly understood types of capital in the economy: natural, human, cultural, financial, and anthropogenic. The FSE, as part of the discussed concept, should be understood as a set of innovative business models that combine and integrate the product and service due to which new local jobs are created and environmental resources are saved, as the manufacturer here is interested in extending the life of the product [14,16].



The circular economy is, by definition, reproducible and renewable, and its aim is to permanently maintain the value and usability of products, components, and materials in separate biological and technical cycles. The technical cycle is understood as the management of inventories of non-renewable materials from which most materials are recovered, but that have previously been used, refurbished, improved, and modernized many times. Use replaces consumption. The biological cycle concerns streams of renewable materials. Consumption only occurs in the biological cycle; renewable (biological) components are mostly regenerated [17] (p. 2–6).



The circular economy is based on a model in which resources are repeatedly used, circulate in the economy; it is a “reuse, repair, and recycle” scheme in which only residual waste, i.e., that which cannot be used in any way, is disposed. Design is crucial not only in the sense of designing the product for its easier recycling and reducing of the amount of waste generated, but also in designing the life cycle of the product for its cascading use.



Moving to the circular economy requires in-depth knowledge of the processes occurring between the environment and the economy as well as society, which should enable identification of areas where the greatest savings can be achieved through proper processes and products projects. An important element of the process is the proper designing stage so that resources in the economy can be retained and, ultimately, raw materials can be recycled. Changing consumer models (use own, consume less and better) and business models (building a relationship with the customer, company responsibility for the product) is necessary to access verified information, to secure the interests of all parties, and to facilitate the creation of secondary raw materials markets (tax preferences). All these challenges can only be met with the intentional support of public authorities by implementing requirements and incentives, as well as economic instruments with a strong stimulus function (taxes) and dissemination of information (education, certification, marking).



The circular economy sub-targets include [18] (p. 4, 5); [19] (p. 7–10):




	
light weight—limiting the amount of materials required to provide a specific service;



	
durability—increasing durability and extending the life of products;



	
efficiency—increasing the efficiency of resource use by reducing energy and materials consumption at the stages of production and use;



	
substitution—limiting the use of hazardous or recyclable materials in products and production processes;



	
market support—creating markets for secondary raw materials (recyclates), e.g., by implementing standards and certificates (e.g., in construction) or using green public procurement;



	
ecodesign—designing products that are easier to maintain, repair, upgrade, remake, or recycle;



	
maintenance—supporting the development and increasing the accessibility of services for consumers, e.g., maintenance and repair;



	
waste prevention—encouraging consumers to reduce waste generation;



	
waste management—encouraging segregation and the use of collection systems that minimize the costs of recycling and re-using;



	
industrial symbiosis—facilitating the grouping of activities aimed at preventing the disposal of by-products for waste;



	
sharing—promoting sharing; use rather than own to secure consumer interests; and



	
reusability—promoting innovative business models that may lead to new relationships between enterprises and consumers in order to create a new and repeatable model.








In the field of waste, many mechanisms toward the implementation of the main circular economy objective have already been implemented, such as a waste hierarchy, increasing the efficiency of separate collection systems, or fees for additional packaging or its return. Despite this, much remains to be completed to stimulate the reduction of waste generation and the re-use of obtained secondary raw materials. However, associating the circular economy with waste (the final stage of the process) is a simplification, and even a mistake. The circular economy focuses primarily on resources (the initial stage of the process), their use, and the maintenance of their value in circulation in the economy. This means that the circular economy focuses on the most effective use of environmental resources and guarantees the multiple use of resources circulating in the economic system so that waste in the sense that we understand it today (i.e., the flow of mixed organic and non-organic stocks) is generated on a very limited scale.



The designing stage itself guarantees an easy option of repair, modernization or types of dismantling that ensures good quality resources are delivered to other manufacturers. In this way, the manufacturer takes the responsibility for resource management instead of shifting it onto the local community, as is often done today.



Sewage sludge as a waste group fits perfectly into the subject of interest in the circular economy. Its amount increases due to the rising number of sewage treatment plants, the quality of the treatment process, and the residents served. It is a type of waste that contains recoverable substances (e.g., nitrogen or phosphorus). Although this technology is still expensive, technological progress will make it achievable soon.



Changes in the level of knowledge and available technologies affect the limitation of the existing forms of use of sludge (agricultural use, composting), and the forms of use with the recovery of resources and energy are preferable.





2. Materials and Methods


This paper contains a critical analysis of sewage sludge management in Poland on the basis of legislation and strategic document analysis regarding specific Polish solutions and indicating their cause. The statistical data available in national statistics (the Polish Central Statistical Office (stat.gov.pl) and Local Data Bank Database (bdl.stat.gov.pl) were used for further analysis, supported by detailed explanations based on data and clarifications obtained directly from the Central Statistical Office.



2.1. The Scope of Definitions of Sewage Sludge in Polish Legislation


Despite the development of municipal sewage management infrastructure (MSS) in Poland, sewage sludge has not been treated as an integral part of the wastewater treatment process for a long time, which means that often, when taking up investments in the field of municipal wastewater treatment, no sewage sludge treatment method has been planned. The actions taken in the 1990s in Poland resulted in slow changes aimed at closing the process of wastewater treatment in its final phase. Up until 1999, the MSS was not monitored, and 2002 marked the beginning of a sewage sludge registry system in Poland [20,21] (p. 416). Trends in the directions of sewage sludge management will be discussed later in this paper, but at this stage it should be noticed that in the early 1990s, the landfilling of sewage sludge was a major utilization method. Nowadays, due to the tightening of EU and Polish law, as well as the availability of technologies and funds, the process of searching for and selecting other methods of MSS management is underway.



The legal basis for the management of MSS in Poland consists of:




	
The Water Law [22],



	
The Waste Act [23], and



	
The Act on collective water supply and collective sewage disposal [24].








In Polish legislation, the issue of handling MSS is primarily regulated by the Waste Act [23], article 2, paragraph 8, as opposed to sewage, which is excluded from the scope of this Act, as are some biomass fractions; however, in state statistics, they are listed in the resources, use, pollution, and water protection section, not in the waste section. The Act defines MSS as waste sludge from fermentation chambers and other installations for the treatment of municipal wastewater and other wastewater with a composition similar to municipal wastewater [23] (article 3, paragraph 4). It also defines the term “using municipal sewage sludge” as the spreading of municipal sewage sludge on the surface of the earth or the disposal into the soil [23] (article 3, paragraph 28). All other processes, such as thermal treatment of waste, are regulated by other provisions of this Act [23] (articles 155–163).



The Waste Act devotes one chapter to municipal sewage sludge [23] (Chapter 4). It specifies how sewage sludge can be used as part of recovery [23] (article 96):




	
in agriculture, understood as the cultivation of all agricultural crops placed on the market, including crops intended for the production of feed, and for the cultivation of plants intended for the production of compost;



	
for the cultivation of plants not intended for consumption, and for the production of feed;



	
for the reclamation of land, including land for agricultural purposes; and



	
when adapting the land to specific needs resulting from waste management plans, spatial development plans, or decisions on building and land development conditions.








The Act includes a number of detailed regulations regarding the principles of safe sewage sludge management in recovery processes, for example, that sludge can be transferred for use only by the producer. Responsibility for its testing and proper use also rests with the producer (wastewater treatment plant), who must inform the Inspectorate of Environmental Protection about the intention to use such sludge [23] (article 96, items 2–11).



The Act also includes exclusion areas where sewage sludge cannot be used, which include, in general, places in the close proximity to protected areas, water intakes, areas with large falls, near water bodies and wetlands that are particularly at risk of experiencing floods or flooding, as well as on high permeability soils. Restrictions also exist in areas with specific types of crops intended for consumption [23] (article 96, paragraph 12).



The provisions of the Act are clarified, among others, by the following regulations:




	
Regulation on municipal sewage sludge [25];



	
Regulation on the criteria of waste admission for landfill [26];



	
Regulation on the recovery process R10 [27];



	
Regulation on the recovery of waste outside treatment installations and equipment installations and equipment [28];



	
Regulation on the implementation of certain provisions of the Act on fertilizers and fertilization [29];



	
Regulation on the waste catalogue [30];



	
Regulation on types of waste that can be deposited in a landfill in a non-selective manner [31];



	
Regulation on conditions to be met when introducing sewage into waters or into the ground, and on substances particularly harmful to the aquatic environment [32];



	
Regulation on the manner of fulfilling the obligations of industrial sewage supplier and the conditions for the introduction of wastewater to sewage systems [33]; and



	
Regulation on methods of conducting the assessment of soil surface pollution [34].








The rules for the use of sewage sludge in agriculture can also be found in the Act of 10 July, 2007 on fertilizers and fertilization [29]. Certain issues are regulated by the Water Law Act including reports, sludge quality tests, water permits, and sewage sludge within its scope (but also in this Act, sewage sludge is included directly in fertilizers) [22] (article 102 (2)).



From the point of view of the direction of sewage sludge use, the regulations resulting from energy law and obligations connected with CO2 emission reductions are also important, as sewage sludge is considered to be a biomass and a renewable and CO2-free energy source [35]. The definition of biomass is not specified in the current Act on Waste, but the definition of biodegradable waste is understood as waste that is subject to aerobic or anaerobic decomposition with the participation of microorganisms. Two other definitions can be found in Polish legislation: the scope of biomass definitions in regulations on emission standards and renewable energy certificates [36], which refer to Directive 2009/28/EC on the promotion of the use of energy from renewable sources, where a broad definition of biomass, including sewage sludge, is given [37]. The Waste Catalogue indicates groups of wastes not belonging to municipal wastes, and that are deemed to be biodegradable ([30,38], p. 58):




	
02—wastes from agriculture, horticulture, hydroponics, fishery, forestry, hunting, and food processing;



	
03—waste from wood processing and the production of panels and furniture, pulp, paper, and cardboard; and



	
19—waste from installations and devices used for waste management, from wastewater treatment plants and treatment of drinking water and water for industrial purposes.








Therefore, since sewage sludge is a biomass, it should be treated as a renewable and CO2-free source of energy [39] (p. 90). This impacts the directions of its use, because, for example, cement plants are interested in the combustion of sewage sludge. However, the price of certificates matters here.



When defining sewage sludge, one should refer to many legal acts, and in practice, many problems exist with the eligibility criteria, i.e., when sewage sludge becomes waste and when it stops being waste. There are equally as many problems with the attribution of recovery and recycling processes. Sludge processing includes the issues of processing and further processing, transformation and use, and applies to both recovery and disposal methods without endangering human health and without harming the environment. In the case of sewage sludge, assigning a given process to the group of recovery or recycling methods in accordance with the Polish law is difficult and disputable. Depending on the method of final management, the fermentation process can be considered for disposal once sludge are burnt or for recovery if the sewage sludge is then used, for example, for fertilization or land reclamation [40] (p. 112). All of these nuances make the credibility of the data collected in the national statistic system questionable. In addition the term “municipal sewage sludge” can be misleading too. This kind of sludge is generated in industrial plants (wastewater treatment plants), and not directly in households and therefore should be categorized as industrial, waste. However, strategic documents as well as the public statistics classify it as being municipal waste, a definition which is widely accepted.




2.2. Changes in Programming Sewage Sludge Management in Poland


Despite the Strategy for Municipal Sewage Sludge Treatment being introduced in Poland [41], the following documents should be considered:




	
National Waste Management Plan (NWMP) [21,38]. There are adequate documents at the local level. The first National Waste Management Plan was adopted in 2002 (another actualization in 2006, 2010, 2015) and the current NWMP 2022 was adopted in 2017,



	
National Waste Prevention Programme (NWPP) [42],



	
The Polish Energy Policy until 2030 (PEnP) [43],



	
National Municipal Wastewater Treatment Programme (NMWTP) [44].








Some differences exist in the approach to managing MSS in the NWMPs of 2002 [21] and 2016 [38]. The 2002 NWMP, however, lacks the integration of MSS management and the sewage treatment process and provisions regarding the optimization of the amount of sewage sludge formed in the wastewater treatment process. According to the given statistical data, the dominating part of sewage sludge is collected in the area of a sewage treatment plant (42%), and the most common form of disposal is agricultural use. The Plan provides for a two-fold increase in the amount of sludge, and outlines the directions of activities aimed at reducing the amount of sludge collected. It is indicated that due to the composition of MSS, its usage in agriculture will decrease and the preferred direction of development is for increased composting [21].



The 2016 NWMP confirms the trend of the increase in sewage sludge. The plan indicates that minimizing the amount of generated MSS is often treated as a secondary issue in sewage treatment plants, and that the method of the final disposal of sewage sludge changes (the share of combustion increases, the share of landfilling decreases, and the share of agricultural use remains). Still, the sludge is collected in significant quantities in treatment plants [38].



In connection with the tightening of the regulations concerning the possibility of agricultural use of municipal sewage sludge [23] (article 96 (12.8)), it is expected that the share of this form of sludge management for combustion will decrease. The possibility of landfilling sewage sludge is also legally restricted [26]. In the 2016 NWMP, the following objectives are adopted [38] (p. 103):




	8.

	
complete cessation of municipal sewage sludge storage (landfilling);




	9.

	
increasing both the amount of municipal sewage sludge treated prior to entering the environment and the amount of municipal sewage sludge subjected to thermal transformation; and




	10.

	
striving to maximize the use of biogenic substances contained in sewage sludge, while meeting all the requirements concerning sanitary, chemical, and environmental safety.









These goals are in line with the guidelines set by the European Union.



The Plan stresses the necessity of approaching sewage sludge in accordance with the waste management hierarchy, thus preventing its formation (Table 1), which is a significant change compared to the first NWMP. At the same time, it is pointed out that the National Municipal Wastewater Treatment Programme (NMWTP) [44] needs to further address the issue of municipal sewage sludge treatment, which has not yet obtained the status of waste, and to indicate the need to specify the directions of its development in water permits.



The National Municipal Wastewater Treatment Programme of 2003 [44] (p. 24) balanced the needs related to water and sewage management, including the management of MSS in the context of planned investment needs. In principle, only the forecast of the amount of sewage sludge for 2015 is included. Investment plans include separate investments related to the modernization of sewage sludge management (41 items), but similar investments may be hidden in other positions, such as in the construction of sewage treatment plants. The 2017 NMWTP mainly refers to the above-mentioned changes in regulations, limiting the existing sludge management methods, and points to the possibilities related to innovative methods of sewage sludge management, such as the production of advanced biocomponents [45] (p. 27). However, these entries cannot be treated as determining the directions of sewage sludge management. The issues of sewage sludge are not treated as a priority in these documents.



NMWTP has been updated many times and is now on its fifth update, showing a significant change in the approach to the management of sewage sludge, both at the level of defining the scope, the program (the method of dealing with settlements is one of the subjects of evaluation) [45] (p. 20), and the number of planned investments (318 separated investments, which gives almost eight-fold increase) [45] (p. 24). However, the increase in the presence of sewage sludge in this document is not in line with expectations and needs.



Another important document is the National Waste Prevention Programme (NWPP), which defines the priority area for action in the form of [42] (p. 16–17):




	
Waste from extractive and physical and chemical industries;



	
Processing of ores and other minerals;



	
Wastes from thermal processes (energy);



	
Hazardous wastes, including wastes from the chemical industry and wastes of chemical agents;



	
Municipal waste;



	
Packaging waste;



	
Food waste; and



	
Waste from electronic equipment.








A further analysis of the document shows that sewage sludge is not counted as municipal waste. In the entire text of the strategy, sewage sludge is not mentioned; it appears only in the annex of the strategy “State diagnosis for specific waste groups”, where it was included in the “other waste” group. This indicates the expected increase in the amount of sewage sludge and the difficulty in counteracting this trend. As a direction of action, the purification process should be modified: the analysis of the quality of the effluent, the stabilization and optimization of sludge dehydration, the reduction of the amount of pathogens, and the recovery of phosphorus and nitrogen. The thermal conversion of sewage sludge, where this may be economically justified [42] (p. 89–90), should also be considered.



The Polish Energy Policy until 2030 (PEnP) points out that it is important to develop renewable energy sources, including biomass (and in particular, the use of biogas from landfills, wastewater treatment, and other wastes) [43] (p. 18–19). In contrast, sewage sludge is not indicated as a biomass or a zero-emission source of energy.



In conclusion, in Poland, strategies focus more on solving wastewater problems and implementing sewage directives than on the management of sewage sludge. The provisions relating to the reduction of sewage sludge landfilling and their agricultural use have been implemented, but clear direction for sewage sludge management is lacking, which would facilitate the acquisition of financial resources for such investments, as well as research on new technologies and monitoring. Also, it would support the solution of the sewage sludge problem in Poland more clearly.



At the end of 2018, the Strategy for Municipal Sewage Sludge Treatment for the years 2019–2022 was adopted [41]. The expert community postulated a comprehensive document covering all issues related to the management of sewage sludge [46]. Unfortunately, the scope of the strategy is limited and does not correlate with an integrated approach to the actual solution of the problem. The document has 37 pages, 30 of which regard the diagnosis and analysis of the legal acts, without solving any definitional doubts.



The subject of the strategy is [41] (p. 3): creating conditions and setting up mechanisms conducive to the solution of the growing problem of urban sewage sludge disposal. The scope of the strategy’s tasks focuses on the processes of municipal sewage sludge processing as waste.



The strategic objectives are defined correctly [41] (p. 33):




	
Prevention and reduction of the amount of sewage sludge resulting from wastewater treatment plants and the elimination of the production of municipal sewage sludge, which, due to the quality, creates problems with its management in accordance with regulations, through thermal transformation, use on the surface of the earth, production of fertilizers or plant-support products, or others.



	
Increasing the amount of municipal sewage sludge processed before entering the environment and increasing the amount of municipal sewage sludge incinerated.



	
Striving to maximize the use of nutrients contained in sedation, while meeting all requirements for sanitary, chemical, and environmental safety.








Four groups of tasks were adopted, and their implementation is planned until the end of 2022 [41] (p. 34):




	
Consideration of the need to amend the ordinance of the Minister of the Environment regarding municipal sewage sludge in the scope of determining the stabilization parameters of municipal sewage sludge and clarifying the provisions concerning the frequency and methodology of municipal sewage sludge tests.



	
Consideration of the need to amend the Waste Act regarding:



	(1)

	
reduction of odor nuisance resulting from the use of municipal sewage sludge;




	(2)

	
extension of the scope of documentation regarding the actual use of municipal sewage sludge;




	(3)

	
introduction of an obligation to use only sewage sludge from a single producer on the plot;




	(4)

	
extension of information contained in the application for the use of municipal sewage sludge transferred to the Regional Inspectorate of Environmental Protection;




	(5)

	
adding an obligation to obtain a waste treatment permit for a land-wielding landlord on which municipal sewage sludge will be used; and




	(6)

	
tightening of sanction regulations.







	
Execution of controls regarding the compliance of wastewater treatment plants, with provisions regarding waste management in relation to municipal sewage sludge, including possession and observance of permit conditions for waste treatment in the treatment plant.



	
Conducting training for the management of sewage treatment plants in the field of municipal sewage sludge management after obtaining waste status.








Although these issues are important, they do not solve or even attempt to point in the direction of actions that should be taken to solve the problems of sewage sludge management in Poland, like [46]:




	
Resolving sewage sludge issues from home wastewater treatment plants, as they should be treated as liquid impurities;



	
Investments in the construction or modernization of the sludge lines of sewage treatment plants (pre-treatment);



	
Utilizing technologies for the pre-treatment of sewage sludge, which are an integral part of wastewater in the technological processes of wastewater treatment plants, resulting in the prevention of waste;



	
Using sewage sludge disintegration technologies and phosphorus recovery technologies from sewage sludge, which are an integral part of wastewater, as well as water removal technologies (compaction, dewatering conditioning);



	
Employing forms of sewage sludge treatment, which is an integral part of wastewater in the technology of wastewater treatment plants, such as hygiene and stabilization; and



	
Resolving issues of construction and modernization of sewage treatment plants, introducing find solutions for sewage sludge.








These issues are important for the management of such waste as sewage sludge because its treatment on the site of the wastewater treatment plant is important for the final development. However, these issues are not the responsibility of Minister of the Environment (which prepared the strategy), but rather the responsibility of the minister responsible for water management. As a result, the necessary horizontal and integrated approach has never been adopted; instead, a narrow sectoral approach is currently preferred. Again, there are no ideas for a solution to the problem of sewage sludge management.





3. Discussion


Changes in the Stream and Direction of Using Sewage Sludge in Poland


The amount of MSS generated in municipal wastewater treatment plants depends on the quantity and quality of wastewater discharged to the wastewater plant. Therefore, it depends on the number of inhabitants and other entities connected to the sewage system, the technological processes (effectiveness of purification), and other factors related to the industrialization of the site and the type and technical condition of the sewage system. The directions for the zoning of sewage sludge are also changing (Figure 1). Their physical, chemical, and biological properties, including those related to sanitary safety, are influenced by the possibilities and methods of sludge treatment. They also depend on how MSS is managed and the methods for optimizing the processes leading to a reduction in its quantity and quality changes; all of these factors determine the final treatment methods. Technological changes and tightening of legislation are also important criteria for the choice of sewage sludge treatment.



Sewage sludge is formed at various stages of wastewater treatment and, in general, can be divided into waste from scrubby, sandstone, sludge stabilization, and dewatering processes, including stabilized municipal sewage sludge. The Polish Central Statistical Office (CSO, stat.gov.pl) does not publish data on sewage sludge by type, but does provide information on the directions for its development.



The CSO publishes data on the production of wastewater and sewage sludge, both industrial and municipal, where a significant proportion of industrial wastewater is cooling water. Therefore, data on the production of wastewater without cooling water are also presented to the industry (Figure 1).



In the urban wastewater stream, there is also some forms of industrial wastewater as well as rainwater. Rainwater from industrial and polluted areas is particularly important. Although this article focuses on municipal sewage sludge, general data are presented on the quantity of sewage and sewage sludge produced, both municipal and industrial, to show the overall picture of the situation for the country. A further analysis covers only municipal sewage sludge. The statistical data for sewage sludge are available only from the year 2000, as they were not published before that time.



The statistics show that after the year 2000, the total amount of wastewater produced was slightly variable and decreased, and in case of municipal treatment plants, the amount of wastewater produced after 2000 decreased to about 163 hm3, which is almost 11% of the total production since 2000 (Table 2 and Figure 1). However, since 2015, this figure has been slowly but steadily growing (Figure 2).



At the same time, the number of people connected to the wastewater treatment plants (Figure 3) increased, and the proportion of the citizens connected to the wastewater treatment plants increased from 56.6% in 2002 to 74% in 2018. This is one of the main factors influencing the growth of wastewater and sewage sludge.



In Poland, however, some mechanisms that aim to reduce the dynamics of the increase in the amount of urban wastewater have been shown to work. For instance, after 1992, regulations were introduced in Poland requiring full metering of water intake by households [51] (p. 26). This was an important factor contributing to the reduction of water consumption and thus the amount of wastewater produced. The next factor is the rising prices of water (before 1990 the price of water from public waterlines was at the same level in the whole country, which was about 01 PLN/m3 of cold water. The price of water was then increased and in 1995 reached the average level of 0.58 PLN/m3, in 2000 – 1.52 PLN/m3, 2005 – 2.27 PLN/m3, 2010 – 2.29 PLN/m3, 2015 – 3.73 and 2018 – 3.96 PLN/m3. This was an average price; however, it differed hugely depending on provinces. In 2018, the cheapest 1 m3 of cold water from public supply cost 1.3 PLN and the most expensive was 57.34 PLN (all data in current prices) [52].



Showing this data in percentages, the rise of cold water prices in Poland reached 583% between the years 1995–2018 (data before the year 1995 are difficult to compare because of very high inflation rates during this time. In the year 1995 there was a currency devaluation, so data can be more easily compared). Another important process could be the exploitation of the technological gap. After a period of economic transition, modern energy- and water-saving appliances were immediately introduced, and there was a relatively rapid exchange (or purchase) of household appliances. In both trends, it is important to distinguish between urban areas (about 95% of city dwellers connected to wastewater plants) and villages (respectively, 42%) [49].



This is an important area to note for policy-makers. Economic instruments (fees for water) influence the level of water consumption, and this balances the effect caused by the growing number of inhabitants connected to the treatment plant network. The amount of sewage sludge has been growing due to increasing pollution load in municipal wastewater and better treatment processes in wastewater treatment plants (in 2000, only 21% of sewage was treated biologically with increased biogen removal; in 2018, it was 55.6% (Table 2). When reaching a certain level of analysis, the dynamics of increasing the amount of sewage sludge will fall. It is hard to determine when this happens, but these processes are visible in our Western neighbors [53].



The presented data and the calculated indicators should be approached with some caution. Due to the possibility of temporary storage, sewage sludge may be processed in a different year than when it was produced. In the case of provincial data, the sludge may be processed (recovered or disposed of) in a different province than the one in which they were produced in. However, some conclusions can be drawn. The data provided by Central Statistical Office (CSO) and Local Data Bank (LDB) are not consistent and require high persistence to analyze them. Firstly, in the basic table on the quantities of prepared and processed sewage sludge [50] (Table 58 (103)), the sum of the values given in the subcategories does not equate to the amount of sewage sludge produced. The category “Other”, which has a high value and unfortunately shows the failure to operate the sewage sludge management system in Poland, is omitted. This category appears only in the analyses for the provinces and in Eurostat data. It is also not included in the data contained in the LDB. In addition, LDB uses the categories “Stored together” and “Time-stored” only when examining the data. It is possible that the LDB category “stored together” corresponds to the CSO’s category of “stored”, whereas the second LDB category, “stored temporarily”, in the statistical yearbook of the CSO is not present in this table. The analysis of the basic data is difficult to understand; it becomes unreadable and should serve not only to assess the current state and analyze trends from the past, but also to predict for the future and provide a basis for decision making.



Data inconsistencies were also identified in the Strategy for Municipal Sewage Sludge Treatment for the period 2019–2022, indicating three sources of data on sewage sludge and how to process it [41] (p. 31):




	
CSO;



	
Reports on the implementation of the National Municipal Wastewater Treatment Programme (data include only NMWTP investments);



	
The product and packaging and Waste Management Database, which was launched in 2018.








Data from all mentioned registers differ from each other. This analysis comprises CSO and LDB data, which are collected by Central Statistical Office and are transferred to Eurostat.



The amount of sewage sludge increases in total (Table 2 and Figure 2); there is a general decreasing trend in production of industrial sewage sludge, and a growing trend in terms of municipal sewage sludge. The apparent problem is the sewage sludge accumulated in the wastewater treatment plants in Poland, and despite a significant decline in its amount since 2005, it is still 219,300 tons of dry substance (d.s.) in the case of municipal sewage treatment plants and more than 6,000,000 t. d.s. from industrial wastewater treatment plants (of which a significant proportion has been stored in the Malopolska region and comes from the metallurgical industry). The amount of sewage sludge from industry accumulated in the wastewater treatment plant areas and production plant areas (factories) is 16 times larger than the present production of sewage sludge per year. This strongly influences the environment and population health; therefore, it should be a subject for a sewage sludge strategy. Sewage sludge is still landfilled, although currently the European Union forbids this practice (in Poland in 2018 more than 10,000 t. of municipal sewage sludge were stored yearly, and an additional 50,000 t. were stored temporarily. However, it should be noted down that more than 218,000 t. of municipal sewage sludge was accumulated by the year 2018, and only 872 t. of it was treated in 2018) [54].



Although long-term data show a decrease in the amount of sewage sludge produced by 2010 and its growth since that year, the structure of the sewage sludge produced remains important. The amount of industrial sewage sludge is declining, whereas the amount of municipal sewage sludge is growing (Figure 2).



However, in the forecasts contained in the National Waste Management Plan from 2002 [55], in 2014, 700,000 t. d.s. of sewage sludge were forecast to be produced in Poland in municipal wastewater treatment plants. However, 583,100 t. d.s. of sewage sludge were produced by municipal sewage treatment plants in 2018, which is significantly lower than the forecast, though the sector faces enormous problems with the management of MSS.



In terms of the analysis of the method of treatment of MSS, in 2000–2005, the dominant form of the management of the MSS was storage (40%), but this declined according to official data to 2.6% (nominally with 150,000 t. d.s. to 15,000 t. d.s.). The amount of accumulated sludge also decreased and is three times lower (from 675,000 t. d.s. to 219,000 t. d.s.). However, the problem still exists because only 5700 tons were processed in 2016, 2700 t. in 2017 and only 872 t. in 2018, which means that if the amount of accumulated MSS does not increase, its used will take, on average, 5–10 years. The amount of temporary storage MSS (up to three years) has increased, and currently is almost double compared to 2005 (Table 2 and Figure 4). These data indicate the apparent effectiveness of the prohibition on storage (since 2016); however, they do not include sludge that are being processed (an important issue is the question of when exactly sludge becomes waste).



At present, there are two methods of treating MSS that are used almost at the same level: agricultural application (66,000 t. d.s. in 2005 and 118,000 t. d.s. in 2018) and incineration (5.900 t. d.s. in 2000 and 111,500 t. d.s. in 2018) (Figure 4 and Figure 5). The amount of thermally transformed sludge increased significantly from 1.6% to 18% and it is expected that this share will increase (Figure 5). There were 11 sewage sludge thermal utilization plants (mono-incinerators) with the projected processing capacity of 160,000 t. d.s./year in 2018 [38]. However, when planning new plants for the combustion of sewage sludge, it should be taken into account that MSS quantity will stabilize at some level, and may even start to drop slightly. The management of sewage sludge should be regionally balanced and based on reliable statistical data.



Figure 4 and Figure 5 show how the “other” category (which includes the transfer of MSS to other authorized bodies for their management, the use of sediment for cultivation of plants not intended for direct consumption, and the use of sediment in R3 processes, i.e., recycling or regeneration of organic substances which are not used as solvents (including composting and other biological transformation processes; R12—the replacement of waste for submission to any of the processes listed in Items R 1 to R 11 according to Classification from the Waste Act 2013. Appendix 1 Non-exhaustive list of recovery processes) grew significantly, reaching 44% in Poland in 2017, while in other European countries, the share of the “other” category is small [53]. This is evidence of the failure of the sewage sludge management system as municipal sewage sludge is not disposed on wastewater treatment plants but transported to other installations.



Although the comparison of the EU countries is not the subject of this paper, it seems to be important to support the analysis by developing basic data on MSS production and disposal in selected countries (Figure 6). Nine countries were chosen for the analysis, and there were two main criteria: availability of Eurostat data and representation of two groups of countries: EU-15 (the old UE members) and EU-12 (the new EU members, accession after 2004). At the first glance, there is a huge difference in the amount of sewage sludge produced, firstly between the representatives of EU-15 and EU-12 countries, and secondly among the EU-12 countries themselves. The amount of generated sewage sludge is mainly affected by the amount of treated municipal sewage (the number of residents served, the condition of the sewage system) and technologies used for wastewater treatment. It is worth noting that in UE-12 countries, the amount of sewage sludge will grow with the increase of citizen number served by wastewater treatment plants and improvement of treatment technology. This process is currently being observed in Poland.



In nominal terms, Germany produces the most MSS and incineration definitely dominates as a disposal method in that country. The share of incineration is relatively high in Austria too. In France, composting and agriculture usage dominates. Sweden has a similar structure but its share of incineration is dramatically low in comparison with the ranking leaders [53,56]. Figure 6 shows the very high share of “other” category in Poland, which proves that its system of MSS fails. There are some obstacles that make it impossible to treat MSS in accordance with legal requirements.



Among the analyzed countries, Romania has the worst situation because landfill is still the most common method of MSS disposal and the category “other” has a significant share too. To sum up, there is no single model of MSS management in the EU but the share of incineration seems to be growing, and some countries like Germany or Hungary place a strong emphasis on developing it. Poland, too, introduces the same direction for sewage sludge disposal. The utilization of MSS in sewage sludge incineration plants creates a possibility of phosphorus recovery from ashes. Although this process is still very costly, the EU seems to put a strong emphasis on developing it, mainly through R&D, and it is likely to become more efficient in the near future [57,58]. Phosphorus is one of the critical raw material (CRM), as there is almost no natural sources of it in Europe. Both phosphorus recovery from ashes and by agriculture use supports the introduction of the circular economy rules. However, the issue of trace elements and heavy metals is important to solve [59,60,61,62,63,64,65]. Phosphorus recovery from ashes depends strongly on wastewater characterization, and properties of fly ash, which are different and depend, to a large extent, on the type of incineration system [61,66].



According to available data, an average Polish inhabitant produces approximately 14–15 kg d.s. of MSS, which seems significantly lower than in some EU countries, e.g., Germany or Austria, where the level is ca. 25 kg d.s./person. However, in these countries, almost the entire population is connected to municipal wastewater treatment plants, so if the amount of MSS produced is converted to the number of people using the municipal sewage treatment plant, then we receive a similar scale indicator in 2017 of 20.7 kg d.s./person. Therefore, one of the factors determining the amount of sludge generated is the number of inhabitants connected to the treatment plants. Table 2 also lists the indicators converted to the population equivalent (p.e.) as is the case for the implementation of the wastewater directive. The analysis of the data on the realized investments under the NMWTP shows that according to the data from 31 December, 2016, all of the requirements of the directive were satisfied by using 525 agglomerations of the total p.e. of 19,215,925. Referring to the summary of the population equivalent (p.e.) for Poland, it is currently 38,793,049; the load discharged from agglomerations satisfying the requirements of the directive accounted for 49.5% of the total load generated by all agglomerations. It is estimated that at the end of 2021, all commitments should meet 1036 agglomerations of the total p.e. of 31,026,978, which represents 80.0% of the total generated by the p.e. agglomerations [66] (p. 7).



Given the divergence of the interpretations of when sludge form an integral part of the wastewater undergoing treatment processes within a technological thrust in the treatment plant and when the sludge become waste (that is, when they can be classified as waste of the appropriate code and thus can be processed within the meaning of the waste regulations), it can be assumed that the stream of actual generated sewage sludge is higher than recorded in national statistics [38] (p. 55, footnote 16).



The Strategy for Municipal Sewage Sludge Treatment for the years 2019–2022 is not a comprehensive document and does not generally indicate directions for further actions. Although the main goal of this strategy is properly defined as “Prevention and reduction of the amount of sewage sludge resulting from wastewater treatment plants and the elimination of the production of municipal sewage sludge” it does not offer ready solutions, but instead only suggests some directions to be considered [41] (p. 34). The strategy fails to address the real problems existing in Poland too. It should take a holistic and horizontal approach with a focus on circular economy goals.



It should be clearly defined that sewage sludge is not only a waste but it also contains important nutrients and can be a zero emission source of energy.



The strategy should also clarify if energy and nutrients recovery are the main priority for Poland, and the directions of actions, investments and R&D. The main existing problems like technologies for the pre-treatment of sewage sludge, lack of dewatering and drying installation in smaller wastewater treatment plants must be solved at the beginning as they can become the main obstacle for further processes (e.g., incineration). It is important that the MSS moved to the dryer installations get the highest possible dry matter (dry substance) content achieved by mechanical dewatering. The next issue that should be clarified in the strategy is the directions for MSS treatment.



The number and localizations of MSS incineration plants ought to be listed. The decisions about investments should support the local and regional resource circulation regarding specific local conditions and transport costs of primary treated sewage sludge.



An increase in the share of heavy metals and the concentration of various types of micro-pollutants [58,61,67,68,69,70] with a significant health risk and environment impacts as well as the visible trend of limiting heavy metal concentrations in agricultural disposal are clear premises for the development of thermal methods. This aspect should be widely analyzed as part of the above mentioned strategy. However, the examples of other EU countries prove [53,56], the diverse strategy to be a good solution, as it promotes agriculture use with biogas recovery during the composting process, incineration, and co-incineration.



Analyzing the current situation in Poland, the processing capacity of incineration plants will increase, both in the process of co-incineration and of mono- incineration. At present, there are 11 sewage sludge thermal use plants and 42 installations registered as incinerators or co-incinerators in Poland. Further investments are already under way [40] (p. 361 and the following pages).



Sewage sludge incineration plants are the most costly types when compared with other methods of sewage sludge management, and are still six times more expensive when compared with agricultural use in Poland (in comparison in Germany the costs of thermal utilization are twice higher than agriculture use) [71]. Therefore, it is important to consider the issue of building sewage sludge incineration plants, also in the context of ensuring the quality of the incineration feed (quality and hydration of sewage sludge). On the other hand, ashes from sewage sludge incineration plants, are characterized by the highest content of phosphorus and the highest recovery potential of over 90% [57,58]. Phosphorus is listed as the critical raw material (CRM), and its recovery is efficient only from sewage sludge incineration plants (mono-incinerators), while co-incineration excludes this possibility [46] (s. 90–92).



For countries like Poland, where landfilling of sewage sludge was for past decades the main method of its disposal, the incineration with phosphorus recovery is an interesting alterative [46] (s. 89), [67]. Large water and sewage companies in Poland implement comprehensive model solutions related to the management of sewage sludge. The costs of advanced technological processes are high, but a scale effect exists here. In large wastewater treatment plants, it pays off to use advanced technologies, and high efficiency and effectiveness can be achieved [72].



Smaller sewage treatment plants pose a problem, as without systemic support, they are not able to face the issues of sewage sludge management. This distorts statistics because several large installations in the region support a significant amount of sewage sludge, but dozens of small installations do not meet the requirements. In the statistics, everything is correct, but the problem does not disappear [73]. Small sewage treatment plants without stabilization produce (or should produce, under typical process conditions) three times more dehydrated sludge than large objects using fermentation and dewatering [73]. The poor quality of sewage sludge after primary processing complicates or prevents proper arrangement.



If sewage sludge is properly prepared at small plants, it can be accepted in regional installations for use. However, this incurs additional transport costs, which prevent the transport of untreated, not dewatered sewage sludge.



Perhaps the use of local agricultural composting plants could be an interesting solution as long as the safety of the process and products is guaranteed. The relatively low costs of agricultural sewage sludge treatment in Poland means that, from an economic point of view, this solution should be considered. However, the method of MSS treatment should be based on the local conditions, wastewater characteristics, methods of primary treatment, and the quality of the final product, which understandably must comply with all of the relevant regulations.



The statistical data show that present solutions are not sufficient, proved by a large share of the other category in sewage sludge disposal. It means that some difficulties appear in practice, which make sewage sludge treatment impossible in accordance with the law.



The threat is serious enough that without system solutions at the national level, locally-selected solutions may not be optimal and will contribute to an increase in the costs of sewage sludge management.



Therefore, when planning the regional and national levels of sewage sludge management, it is necessary to use the synergy and scale effect, and the strategy of dealing with municipal sewage sludge does not meet the requirements of a horizontal and integrated approach.



When planning the sewage sludge management system, organizational and financial issues should also be considered. It seems that the management of sewage sludge on a sewage treatment plant site, together with the recovery of raw materials and energy, is a desirable direction for change. In such an institutional form, obtaining EU funds for co-financing investment projects is easier than in a situation where only primary treatment is conducted in a wastewater treatment plant, and secondary and final treatment is performed by specialist waste management plants (sewage treatment plants operate under conditions of natural monopoly). The organizational and legal forms of entities should also be considered, as local government companies do not fall under certain provisions (e.g., de minimis aid rule) in contrast to private entities operating on a competitive market [40] (p. 417 and the following pages).



In summary, Poland faces a problem with the management of sewage sludge in terms implementing the EU requirements. This is supported by the available statistical data, although they raise some doubts about consistency and comprehensiveness due to the lack of laws or imprecise legal provisions. Sewage sludge has the potential to be used as a means to recover nutrients for plants (phosphorus) and energy, which is in line with the concept of the circular economy. However, to solve the existing problems in Poland and to ensure the proper management of municipal sewage sludge, a comprehensive, horizontal, and integrated approach is necessary. The method of sewage sludge preparation and its quality parameters determine the possibility of its subsequent development: recovery or disposal. Thus, various solutions are possible, and the best solution appears to be to plan parallel application depending on local conditions. Large regional installations with economies of scale can support smaller treatment plants, provided that they prepare (process) sludge and transport costs are justified. Dispersed installations of agricultural composting plants could also be used considering health and environmental risks. With increasing prices for the greenhouse gas emission allowance, co-combustion of sewage sludge treated as a zero-emission fuel, despite all technological problems, may also prove to be an interesting option. Although each of the old EU countries uses the dominant form of MSS managing, it seems that planning and developing several forms of MSS disposal depending on regional-local systems would be the best solution.



The usage of MSS as a source of nutrients and energy recovery can be a good example of a circular economy. The holistic approach is needed in designing the whole process of MSS treatment, starting from wastewater collecting, wastewater treatment, sewage sludge primary treatment, energy and heat recovery and finally nutrients recovery and reuse in biological processes. Of course, potential health and environment impact must be taken into account.



The study demonstrated in this paper was based on legal sources, literature review and data from Polish the Central Statistical Office and Local Data Bank Database. Although the accessible data is not comprehensive and complete, some interesting conclusions can be drawn. The data shows that sewage sludge management in Poland faces some serious difficulties. The in-depth analysis confirmed that in bigger agglomerations the process of sewage sludge utilization is generally speaking properly organized. A lot of problems appear though for smaller wastewater treatment plants, mainly concerning mainly primary processing of sewage sludge and the high investment costs of establishing modern sewage sludge utilization plants or installations. There is no scale effect in the case of smaller wastewater treatment plants.





4. Conclusions


The aim of this article has been to analyze the municipal sewage sludge management in Poland in the light of the circular economy. To develop this concept, the basic goals and instruments of the circular economy have been synthesized and the current situation of the municipal sewage sludge in Poland is described. It contains the summary of legal acts that influence the sector and an analysis of statistical data.



To conclude the conducted analysis, the proper municipal sewage sludge (MSS) management has a great potential to satisfy the circular economy requirements because it enables: (1) energy and heat recovery; (2) the biomass and important nutrients recovery, including phosphorus, which is on the list of the critical raw material (CRM) of the EU; (3) the loop of resource usage; (4) MSS treatment on the place where it was produced or its vicinity (limitation of long distance transport).



The technological progress makes it possible to recover and reuse nutrients accumulated in sewage sludge respecting legal principles and ensuring health and environmental security. The innovative solutions can achieve effectiveness and efficiency thanks to the support of strict legal requirements that the EU imposes in order to ensure safety for citizens and the environment, as well as EU funds.



This study has investigated the condition and challenges for MSS in Poland. After joining the European Union, the focus in Poland was on adjusting the quality of treated wastewater to the requirements of the EU directives. In this process, the issue of sewage sludge was not treated as an integral element of the whole process of water and sewage management. The decisions made regarding the primary and secondary processing conducted most often at sewage treatment plants have a huge impact and determine the possibility of subsequent sludge management.



As illustrated by the synthesis of legal acts in Poland and analysis of statistical data, some conclusions can be made:




	
Landfilling was the dominated method for MSS disposal for past decades in Poland, and stricter EU regulations forced its changes;



	
The amount of MSS produced in Poland is constantly increasing, because of the acceleration of socio-economic development, the rise of the wastewater treatment plants number, and the improvement of treatment technology (a higher share of biological treatment with increased biogen removal) and the growth of the resident number connected to municipal wastewater lines;



	
Treatment of accumulated MSS poses the next major challenge in this area;



	
Industrial sewage sludge produced and especially accumulated in Poland should be the subject for researchers and should be incorporated into Strategy for Sewage Sludge Treatment;



	
There is no single dedicated legal act concerning MSS; the issues connected with MSS are regulated by a number of legal acts from various fields (The Water Act, The Waste Act and related Regulations, acts connected with fertilizers and renewable energy); the acts and regulations must be unified and clarified to offer detailed and precise solutions concerning responsibility of entities engaged in the process of MSS agriculture usage, costs and scope of MSS testing and its monitoring;



	
The Strategy for Municipal Sewage Sludge Treatment was adopted only in the year 1998, however, this is not a coherent and comprehensive document. Although it recommends that both the amount of MSS processed before entering the environment and the amount of MSS incinerated should increase, there is no recommendation for how to implement these changes. Moreover, no specific criteria have been set for the selection method of MSS treatment and disposal;



	
There are three sources of MSS data: CSO, Reports on the Implementation of the National Municipal Wastewater Treatment Programme and the Product and Packaging and Waste Management Database. However, the data are not fully comparable and this is an area for further improvement;



	
The data analyzed show that among methods of MSS disposal the “other” category has an extremely high share. They also show the failure of Poland’s MSS management system. Some obstacles exist that limit the lawful MSS treatment and disposal. That is a subject for further research and a new complex MSS strategy;



	
There are delays in investments of MSS incineration plants, which negatively affects the proper MSS management. Out of 41 planned sewage sludge incineration plants in Poland, only 11 were constructed in 2018;



	
Outdated methods of sludge pre-treatment in small wastewater treatment plants render the proper final sludge disposal impossible or excessively difficult.



	
On the whole wastewater treatment plants in big cities address the problem of sewage sludge correctly, although they also encounter various difficulties.








Further research in Poland should focus on developing the horizontal and regional based solutions for MSS management to ensure innovative but cost efficient solutions are developed that are tailored to the regional scale, which will inevitably support the implementation of the circular economy.
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Figure 1. a. Industrial and municipal wastewater produced in Poland from 2000 to 2018 (in hm3). b. Industrial and municipal wastewater produced in Poland from 2000 to 2018 without cooling water (in hm3). Source: [47], Table 29(75); [48], Table 27(72). 
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Figure 2. Industrial and municipal sewage sludge produced in Poland from 2000 to 2018 (thousands tons of dry substance). Source: Own development based on [47]) Table 61(107), [48] Table 59(104). 
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Figure 3. a. Number of people using sewage treatment plants in Poland from 2000 to 2018. b. Share of people using sewage treatment plants in Poland from 2000 to 2018. Source: [48] Table 55(100) and [49] table: Municipal Wastewater Treatment Plant, Under group: Population Connected to Wastewater Treatment Plant and under group: Population Connected to Wastewater Treatment Plant as a % of total population. 
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Figure 4. Generation and treatment of municipal sewage sludge in Poland between 2005 and 2018 (thousands tons of dry substance). Source: Own development based on [48] Table 59 (104). 
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Figure 5. Directions of sewage sludge development in Poland from 2003 to 2017 (t. d.s.). Source: Own development based on [49] table: TREATMENT of URBAN WASTE WATER, under Group: sludge produced during the year. 
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Figure 6. a. Sewage sludge production and disposal from urban wastewater int the selected EU Countries in years 2016/2017. b. Directions of sewage sludge disposal from urban wastewater int the selected EU Countries in years 2016/2017 Sources: [53,54]. 
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Table 1. Directions for the management of municipal sewage sludge in accordance with the hierarchy of municipal waste management.
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	No.
	Hierarchy of Waste Management
	Examples of Processes





	1
	prevention
	By subjecting sludge to such processes as disintegration, deep stabilization, hygienization, and dehydration, or activities aimed at removing the waste status in such a way that sewage sludge can be intended, for example, for organic fertilizers



	2
	recycling
	Organic recycling, including composting of the sewage sludge with other wastes in order to obtain material after the composting process used for fertilizing purposes, and mineral recycling with phosphorus recovery or in cement-making plants



	3
	recovery
	Recovery directly on the ground after compliance with certain conditions, including recovery in composting plants, biogas plants, or cement plants; energy recovery—for sludge as biomass, this means incineration or recovery outside installations



	3
	disposal
	Thermally transformed into waste incineration plants or co-incineration plants, without energy recovery or being stored, after processing, where they comply with the requirements laid down in the legislation







Source: [38] (p. 56).
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Table 2. Production and treatment of wastewater, and production and directions of disposal of sewage sludge in Poland in the years 2000–2018.
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Specification

	
Units

	
2000

	
2005

	
2010

	
2015

	
2016

	
2017

	
2018

	
2018/2000

	
2018/2010






	
WASTEWATER




	
Total wastewater generated during the year

	
hm3

	
9160.7

	
8981.5

	
9216.8

	
8827.8

	
8895.2

	
8455.1

	
8200.4

	
0.895

	
0.890




	
-industrial

	
hm3

	
7666.7

	
7707.9

	
7919.0

	
7569.5

	
7605.4

	
7138.5

	
6870.2

	
0.896

	
0.868




	
-industrial without cooling water

	
hm3

	
1007.5

	
841.5

	
1011.6

	
863.8

	
876.1

	
881.1

	
869.4

	
0.863

	
0.859




	
-municipal

	
hm3

	
1494.0

	
1273.6

	
1297.8

	
1258.4

	
1289.8

	
1316.6

	
1330.3

	
0.890

	
1.025




	
Wastewater requiring treatment (of which):

	
hm3

	
2501.5

	
2115.1

	
2309.4

	
2122.1

	
2166.0

	
2197.7

	
2191.6

	
0.876

	
0.949




	
-treated

	
hm3

	
2200.2

	
1929.4

	
2133.7

	
2015.1

	
2061.3

	
2091.1

	
2085.3

	
0.948

	
0.977




	
-mechanically

	
hm3

	
732.7

	
576.1

	
615.7

	
510.4

	
514.0

	
497.4

	
481.7

	
0.657

	
0.782




	
-chemically

	
hm3

	
131.2

	
109.0

	
121.8

	
87.0

	
87.4

	
94.8

	
90.8

	
0.692

	
0.745




	
-biologically

	
hm3

	
875.9

	
501.8

	
361.8

	
328.2

	
342.4

	
360.8

	
353.8

	
0.404

	
0.978




	
-biologically with increased biogen removal

	
hm3

	
460.4

	
742.5

	
1034.4

	
1089.4

	
1117.4

	
1138.0

	
1158.9

	
2.517

	
1.120




	
-untreated

	
hm3

	
301.3

	
185.7

	
175.7

	
107.0

	
104.7

	
106.6

	
106.3

	
0.353

	
0.605




	
SEWAGE SLUDGE




	
Total sewage sludge generated during the year

	
thous. t. d.s.

	
1063.1

	
1124.4

	
895.1

	
951.5

	
947.2

	
1035.2

	
1046.5

	
0.984

	
1.169




	
-applied in agriculture

	
thous. t. d.s.

	
(.)

	
98.2

	
136.9

	
126.6

	
133.9

	
126.1

	
134.2

	
x

	
0.980




	
-applied in land reclamation, including reclamation of land for agricultural purposes

	
thous. t. d.s.

	
(.)

	
324.9

	
150.4

	
31.3

	
31.7

	
32.1

	
27.8

	
x

	
0.185




	
-applied in cultivation of plants intended for compost production

	
thous. t. d.s.

	
28.1

	
29.6

	
31.3

	
48.2

	
32.8

	
26.9

	
26.0

	
0.925

	
0.831




	
-incinerated

	
thous. t. d.s.

	
34.1

	
37.4

	
66.4

	
165.4

	
194.7

	
232.3

	
234.3

	
6.871

	
3.529




	
- landfilling

	
thous. t. d.s.

	
474.5

	
399.1

	
165.9

	
131.5

	
97.6

	
101.8

	
119.1

	
0.251

	
0.718




	
-sewage sludge accumulated in the wastewater treatment plants (as of the end of the year)

	
thous. t. d.s.

	
(.)

	
9342.8

	
6450.5

	
6483.9

	
6287.0

	
6316.4

	
6229.4

	
x

	
0.966




	
SEWAGE SLUDGE FROM INDUSTRIAL WASTEWATER TREATMENT PLANTS




	
Total sewage sludge generated during the year

	
thous. t. d.s.

	
703.3

	
638.3

	
368.4

	
383.5

	
378.9

	
450.7

	
463.5

	
0.641

	
1.223




	
SEWAGE SLUDGE FROM MUNICIPAL WASTEWATER TREATMENT PLANTS




	
Total sewage sludge generated during the year

	
thous. t. d.s.

	
359.8

	
486.1

	
526.7

	
568.0

	
568.3

	
584.5

	
583.1

	
1.621

	
1.107




	
-applied in agriculture

	
thous. t. d.s.

	
(.)

	
66.0

	
109.3

	
107.5

	
116.0

	
108.5

	
118.3

	
x

	
1.082




	
-applied in land reclamation, including reclamation of land for agricultural purposes

	
thous. t. d.s.

	
(.)

	
120.6

	
54.3

	
19.2

	
20.1

	
19.7

	
17.4

	
x

	
0.320




	
-applied in cultivation of plants intended for compost production

	
thous. t. d.s.

	
25.5

	
27.4

	
30.9

	
47.1

	
31.8

	
25.9

	
25.2

	
0.988

	
0.816




	
-incinerated

	
thous. t. d.s.

	
5.9

	
6.2

	
19.8

	
79.3

	
101.1

	
106.2

	
111.5

	
18.898

	
5.631




	
-landfilled

	
thous. t d.s.

	
151.6

	
150.7

	
58.9

	
40.5

	
20.7

	
15.3

	
10.6

	
0.070

	
0.180




	
-temporarily stored

	
thous. t. d.s.

	
(.)

	
27.3

	
68.2

	
56.4

	
47.3

	
51.3

	
50.0

	
x

	
0.733




	
-other

	
thous. t. d.s.

	
(.)

	
87.9

	
185.3

	
218.0

	
231.4

	
257.6

	
249.9

	
x

	
1.349




	
-sewage sludge accumulated on the wastewater treatment plants (as of the end of the year)

	
thous. t. d.s.

	
675.0

	
782.7

	
332.4

	
246.9

	
221.2

	
219.3

	
0.324

	
0.659

	
0.324




	
-sewage sludge used from, so far, landfilled (accumulated) sewage sludge

	
thous. t. d.s.

	
(.)

	
86.232

	
63.394

	
4.995

	
5.732

	
2.719

	
-

	
0.014

	
x




	
INDICATORS




	
Total wastewater generated per capita

	
m3/person

	
57.5

	
50.6

	
55.4

	
52.4

	
53.6

	
54.4

	
54.3

	
x

	
x




	
Total sewage sludge generated in municipal wastewater treatment plants per capita

	
kg/person

	
9.4

	
12.7

	
13.7

	
14.8

	
14.8

	
15.2

	
15.2

	
x

	
x




	
Total sewage sludge generated in municipal wastewater treatment plants/inhabitants served by treatment plants

	
kg/person

	
17.5

	
21.2

	
21.1

	
20.3

	
20.1

	
20.7

	
20.5

	
x

	
x




	
Wastewater generated/p.e./year

	
m3/p.e.

	
56.7

	
49.7

	
55.0

	
51.9

	
53.1

	
53.9

	
53.8

	
x

	
x




	
sewage sludge generated/p.e.*/year

	
kg/p.e.*

	
27.4

	
29.0

	
23.1

	
24.5

	
24.4

	
26.7

	
27.0

	
x

	
x




	
sewage sludge generated in municipal wastewater treatment plants/p.e*./year

	
kg/p.e.*

	
9.3

	
12.5

	
13.6

	
14.6

	
14.6

	
15.1

	
15.0

	
x

	
x




	
sewage sludge generated/wastewater treated

	
kg/m3

	
17.5

	
21.2

	
21.1

	
20.3

	
20.1

	
20.7

	
20.5

	
x

	
x








(.) no data available, x – not applicable; population equivalent p.e.—f or the purposes of implementing the provisions of Directive 91/271/EEC, which was set, in 2017, for Poland at 38,793,049. Source: own study based on [47] Table 29(75), 32(76), and 61(107), [48] Table 27(72), 29(74), 30(75), 59(104), 60(105), and 61(106) and [49,50] 26(71), 58(103), 59(104).
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