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Abstract

:

The current EU energy policy aims to diversify energy sources to ensure energy security while decarbonising the economy and promoting low carbon and clean energy technologies. These tasks are carried out under the European Green Deal Program. Therefore, the overriding goal at present is to search for new sources of energy, including energy recovery from waste. In EU countries, the legal system for waste management is adapted to the circular economy. In Poland, due to the legal possibility of temporary storage and disposal of waste, a substantial volume of industrial waste is temporarily stored and landfilled (above 40%), compared to the importance of waste subjected to treatment. Moreover, energy recovery from waste accounts for a negligible share (below 5%). It may be due to the high costs of these processes, stringent emissions and environmental quality standards. Therefore, as in certain EU countries, the problem of landfill site arson attacks has been exacerbated in Poland (177 fires in 2019). The aim of this article is to determine the relationship between the application of the existing regulations concerning closed-loop waste management and the effectiveness of methods, ways and economic instruments preventing the illegal burning of landfill waste in Poland under the current EU energy policy. Therefore, it can be assumed that this system is not complete. Based on factor force analysis at a scale 1–5, it was found that technological (3.4), legal (3.16) and economic (3.0) factors have the greatest impact on this system. The waste management system should be oriented towards increased waste recovery and a more significant reduction in the volume of temporarily stored waste and landfill waste. It should be considered whether the current move away from the incineration of waste, according to the new EU energy policy, is a better solution in environmental and economic terms than incurring very high costs due to eliminating the effects of the incineration of landfill waste that causes environmental damage.
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1. Introduction


As part of the EU energy policy referred to in Article 194, TFEU entitles each Member State to determine the conditions for the use of its energy resources, the choice between different energy sources and the overall structure of its energy supply [1]. In accordance with the provisions of the Energy Union of 2015, the most important goals of the EU energy policy were indicated, i.e., the diversification of European energy sources, ensuring an integrated internal energy market, improving energy efficiency, decarbonising the economy and transitioning to a low-carbon economy, as well as promoting research in the field of low-carbon technologies and clean energy technologies. One of the greatest challenges for the EU Member States is the lack of diversification of energy sources, which disturbs the security of energy supply. It is directly related to external actions taken by the EU in relation to the most important suppliers of energy resources [2,3]. Greenhouse gas emissions, according to the net-zero concept, should be neutralised across the scale [4]. Therefore, it is necessary to ensure the continuous sustainable development of the energy sector by raising efficiency and safety standards, extending the availability of various energy sources, increasing competitiveness and reducing greenhouse gas emissions. It is very important in this matter to strive for the greater diversification of energy sources. In the 2030 perspective, the EU supports the diversification of energy sources, but first of all, the EU focuses on climate-friendly resources [5]. These goals of the EU energy policy are implemented under the European Green Deal Program established in 2019 [6]. The main idea behind this program is to make Europe a climate-neutral continent by 2050 by delivering clean, affordable and secure energy. As part of this agenda, a new energy legislative package entitled “Fit for 55′: delivering the EU’s 2030 Climate Target on the way to climate neutrality” was established [7]. To achieve these energy goals, new sources of energy should be sought, including energy derived from waste.



Nowadays, the issue of waste management has become critical and relevant in terms of environmental protection. The global tendencies to counteract the increase in the mass of waste and the costs of their recovery and neutralisation are also visible in terms of changes in the strategy and the resulting legislative changes. For example, the European Commission’s reports indicate that current production methods and increased consumption contribute to global warming, pollution, material consumption and the depletion of natural resources [8]. For this reason, more attention is paid to the circular economy. The concept of a circular economy was introduced by David Pearce in 1990 [9], and it concerns the interrelationship of the four economic functions of the environment. The environment not only provides utility values—besides being a resource base and a source for economic activity, it is also a basic life support system [10]. The circular economy is defined as a regenerative system in which resource input and waste, energy emissions and leakage are minimised by slowing down, closing and narrowing material and energy loops [11,12]. The introduction of which is to result, i.e., in reducing the amount of waste generated, reusing products and closing production chains. This course of action is appropriate to achieve the environmental goals.



Currently, the transition to a circular economy is one of the policy priorities in Europe. This requires the strengthening of the three “pillars” of this system, such as environmental benefits, cost savings due to the limitation of natural resource needs and additional economic benefits from creating new markets [13]. It is necessary to implement the Action Plan for the circular economy in the European Union established in 2015 [14], which is divided into sections on pro-production, consumption, waste management and processing of secondary raw materials [15,16]. Achieving the EU’s goal of becoming a ‘circular economy’ needs the introduction of changes in the requirements contained in the Waste Framework Directive 2008/98/EC (WFD) [17] concerning the planning of such infrastructure systems. Circular economy should be closely related to the efficiency of resource productivity and effective waste management [18,19]. According to the principle of proximity, WFD involves establishing an integrated and appropriate waste management system at the national level (Art. 16). Furthermore, the system should be designed in such a manner to allow for the entire community to become self-sufficient in terms of waste disposal and recovery. The EU’s legal tool to support the transition to a circular economy is the so-called Waste Package, i.e., an amendment to six Directives concerning waste management [20]. Nevertheless, the effectiveness of the implementation of this concept is determined by the applied legal, technical and organisational solutions in waste management, particularly regarding the ‘tightening up’ and ‘sealing’ of this system.



The lack of sealing of this system contributes to ineffective waste management, e.g., through its storage. It should be noted here that, according to the EU’s policy, waste storage should only be a temporary form of waste management before recovery or disposal. Waste landfilling is a method of last resort, applied only for non-recoverable waste under the provisions of Waste Framework Directive. This is because the Directive aims to remedy the shortcomings of the 1975 Waste Framework Directive [21] and its amendment and promotes measures to reduce waste landfilling [22]. As an EU Member State, Poland implemented the provisions of Directive 2008/98/EC to its legislation, first in the 2001 Act on Waste [23], and subsequently in the 2012 Act on Waste (AW) [24], which is currently in force.



Effective waste management in accordance with legal requirements is a great challenge due to technical and organisational possibilities. This applies in particular to industrial waste. In Europe, municipal waste only accounts for approximately 8% [25]. Poland generated almost 127 million tonnes of waste in 2019, of which municipal waste accounted for 10% (12.8 million tonnes). Since 2000, the volume of generated waste (excluding municipal waste) has ranged from 110 to 130 million tonnes. In 2019, it decreased slightly (1%) to the previous year and amounted to 114.1 million tonnes [26]. However, in the opinion of the authors, too much waste production and the inability to manage them result in illegal activities. Among these phenomena, intentionally setting fire to waste storage and landfill sites has been observed in recent years.



Recently, illegal landfilling and the incineration of waste have become reasonably widespread phenomena noted in EU countries, which has caused enormous losses in the environment, e.g., in Italy and Greece [27,28], Slovakia [29], England and Wales [30]. The scale of the landfill arson trend primarily concerns industrial waste, containing often toxic substances. There is hazardous waste, e.g., used car tyres, that is most often illegally burned. This generates emissions of highly toxic compounds to the atmosphere, e.g., dioxins, furans and aromatic hydrocarbons that cause lifestyle diseases and air, water and soil pollution [31,32]. Highly toxic dioxins are especially dangerous, including 2,3,7,8-tetraklhorodibenzo-p-dioxin (TCDD), which has recently been classified as carcinogenic in animals and humans by the International Agency for Research on Cancer (IARC). The presence of these substances has been reported in mammalian milk produced by domestic animals (sheep and cows) as well as in human milk samples [33]. During the illegal burning of toxic waste, the population living in these areas may be exposed to cancer, e.g., sarcomas, non-Hodgkin’s lymphoma [34]. Moreover, the hazardous waste incinerated is characterised by properties such as explosiveness, flammability, toxicity, mutagenicity and ecotoxicity. Introduced into the environment, these substances circulate in nature, causing the contamination of air, water, soil and food, and thus, the resources that are used by humans. There are persistent organic pollutants that are not biodegradable in the environment, i.e., cannot be decomposed to less harmful components or its degradation even by several hundred years [35]. Not only does it pose a threat to human health and lives, and the environment, but it also causes economic losses, i.e., a reduction in the number of resources of suitable quality used in economic activities. Hence, there is a need for a comprehensive analysis of the relevant legal solutions that would prevent this phenomenon at the EU and national regulations level.



Moreover, in the literature, there are many previously cited studies on the waste management system, both in legal, technical and organisational terms. The principles of the circular economy, which also apply to waste, are widely described. However, there is no indication of factors and reasons for the system’s failure to close, the consequence of which is, e.g., illegal waste incineration. This is very important due to not only the threats to the environment and people causing by such actions, but also the resulting economic losses. Identification of legal gaps, factors and other reasons for such a state is a novelty of this study and may be an indication of legislative and organisational changes aimed at limiting illegal methods of handling waste. In addition, an industrial waste management strategy will be proposed. This article assumes that the lack of an appropriate and stricter legal system for closed-loop waste management may contribute to illegally setting fire to industrial waste landfill sites in Poland. Therefore, answers to the following research questions were sought: Are the existing legal solutions and economic instruments and the methods used for closed-loop waste management sufficient to prevent the trend of illegal landfill waste burning? The aim of this study is to determine the relationship between the application of the existing regulations concerning closed-loop waste management and the effectiveness of methods, ways and economic instruments preventing the illegal burning of landfill waste in Poland under the current EU energy policy.




2. Materials and Methods


The following research methods were used in the article (Table 1, Figure 1):




	(1)

	
The legal dogmatic method









The subjects of the analysis were legal regulations and documents in the field of UE energy policy, European Green Deal program, circular economy and waste management at the EU and national levels. For the purpose of the study, the following were examined: (1) Waste Directive 2008/98/EC, Directive 2000/76/EC, Council Directive 1999/31/EC, Directive (EU) 2018/850; (2) Regulation (EU) 2020/852; (3) European Commission Communications COM(2015) 614/2), COM/2017/34; (4) Polish legal acts—Waste Act of 2001, 2012, Environmental Protection Law of 2001, Environmental Protection Inspectorate Act of 1991, Act of 2018 amended, Environmental Damage Act of 2007, Criminal Code of 1997; (5) Polish Regulations in the range of waste management methods of 2013, 2015, 2016, 2020 and 2021; (6) Polish chosen jurisprudence. The literature in this area was also analysed.



	(2)

	
Empirical methods







Empirical studies were based on the analysis of statistical data. The subject of the analysis was the efficiency of industrial waste management in Poland compared to the EU. For this purpose, the amounts of generated waste and the structure of its management in 2016–2020 after the establishment of the Circular Economy Action Plan in 2015, based on data compiled by Eurostat and the Central Statistical Office in Poland, were presented. Recycling (recovery) is considered the most effective method, and the least effective waste disposal and temporary storage. In this respect, the following were analysed: (1) waste generated, (2) recovered, (3) disposal, including landfilling, (4) temporarily stored, (5) transferred to other recipients and (6) previously waste stored (accumulated). On this basis, a trend in the structure of waste management in the analysed period was obtained. In addition, the scale of the phenomenon of the illegal incineration of landfills in the EU and Poland was analysed.



	(3)

	
The logical identification method







Based on the analysis of legal regulations, the literature and statistical data, the industrial waste management system was assessed, indicating its advantages and disadvantages. For this purpose, the SWOT method was used to categorise factors into internal (strengths, weaknesses) and external (opportunities, threats) (Table 2) [36]. Thus, this analysis allows to compare the strengths and weaknesses of the industrial waste management system with the opportunities and threats from the environment. Strengths and weaknesses are internal and inherent in this system, while opportunities and threats are external and located in the environment of this system.



The PESTEL method was used to identify the factors influencing industrial waste management. This analysis classifies political (P), economic (€), social (S), technological (T), environmental (E) and legal (L) factors [37]. Therefore, in this study, the following factors were analysed:



Political factors—government actions that have an impact on waste management (EU energy policy, European Green Deal, environmental law, circular economy strategy).



Economic factors—financial system of the industrial waste management (economic factors, financial abilities, financing).



Social factors—illegal waste management affect the population (ecological safety, health of people, state of environment)



Technological and organisational factors—technological methods and ways of waste management (technology of waste recovery and disposal, structure of waste management, the scale of the phenomenon of illegal waste incineration).



Environmental factors—includes the state of environmental resources, pollution of environment.



Legal factors—environmental law principles, hierarchy of waste management, waste recovery and disposal requirements, UE law implementation, tax and economy law, environmental crimes, economy and tax crimes, criminological activities.



The next stage of this analysis was an assessment of the impact force for these individual groups. A total of 27 factors were analysed, including 3 political, 5 economic, 5 technological, 1 social and environmental and 12 legal factors. The analysis adopted a scale from 1 to 5, where 1—small impact, 5—large impact. An industrial waste management strategy was described and proposed based on the evaluation of these factors.



The last stage of the analyses was determined the relationship between the application of the existing regulations concerning closed-loop waste management and the effectiveness of methods, ways and economic instruments preventing the illegal burning of landfill waste in Poland under the current EU energy policy.




3. Literature Review and Legal Regulation Analysis


3.1. UE Energy Policy and Programs and Waste Management Relations


One of the goals of the EU’s energy policy to be achieved in the 2030 perspective, as already mentioned, is the diversification of energy sources in the context of the sustainable development of the Member States. It is related to the concept of an energy mix, which is a mixture of different types of energy. Their diversity increases the security of the country in the event of a failure or exhaustion of one of the energy sources. Thus, the EU supports the diversification of energy sources, but prioritizes climate-friendly resources [38]. Sustainable development in energy policy refers to the search for instruments that ensure a balance between the objectives of environmental protection, competitiveness and security of supply. It is manifested in ensuring the continuous sustainable development of the energy sector by complying with efficiency and safety standards, extending the availability of various energy sources, increasing competitiveness and reducing greenhouse gas emissions [39]. Thus, the greater the variety of energy sources, the greater the chance of maintaining the country’s energy security. The EU policy in the first place focuses on the development of renewable energy sources, but also other energy sources, e.g., those generated from waste.



The objectives of the EU energy policy have also been included in the European Green Deal Program (EGD). All 27 Member States have committed to transforming the EU into the first climate neutral continent by 2050. To achieve this target, they have committed themselves to reducing greenhouse gas emissions by at least 55% by 2030 below 1990 levels. This program reviews energy and climate legislation with the aim of increasing emission reductions and enhancing renewable energy deployment and energy efficiency. Guidelines for environmental protection and aid in the search for energy sources were indicated. Under this program, the ‘Fit for 55′ Package, which includes initiatives in a number of closely related areas, e.g., climate, environment, energy, transport, industry, agriculture and sustainable finance, aims to transform the ambitions of the Green Deal into concrete legislation. It is a set of proposals to amend climate, energy and transport legislation and introduce new legislative initiatives to align EU legislation with the EU’s climate goals, including concerning alternative fuels also derived from waste [40,41]. Sectoral integration means connecting different energy carriers—electricity, heat, cooling, gas, solid and liquid fuels—with end-use sectors such as construction, transport and industry [42].



The European Green Deal assumes that by 2050, the EU economy will be climate neutral and resource efficient. To achieve this, it must become a circular economy, which constitutes its competitive advantage and resilience. An extremely important element of the energy transformation included in the EGD is the circular economy. The full implementation of the circular economy, including taking into account not only mass streams, but also energy flows throughout the life cycle and the issue of harmful emissions, causes the circular economy to be described as an environmentally sustainable economy (green economy). Circular economy systems keep the added value of products as long as possible and eliminate waste. They preserve resources within the economy when the life cycle of products closes, allowing them to be reused productively multiple times, thus, creating additional value. The EU’s understanding of the circular economy is reflected in the new waste hierarchy adopted by the European Commission in 2017 [43,44]. The priority of this hierarchy is to avoid or minimise the generation of waste, i.e., the waste of raw materials. The next solution is to reuse raw materials. The next step is recycling, because it uses more resources (e.g., energy) and it cannot be carried out indefinitely in a loop. Another type of recovery, e.g., energy, is on the penultimate place because only a small part of the raw material’s potential can be recovered in this way. The last solution that should be used as an absolute last resort is the disposal of waste/raw material. Only the first three methods are recommended in the circular economy: reduce, reuse and recycle (3 × R). Therefore, the waste hierarchy supports EU waste policy and legislation and is crucial for the transition to a circular economy. Its primary goal is to establish a priority order to minimise negative environmental effects and optimise efficient waste management in the prevention and management of waste. This Communication covers the following main waste-to-energy processes: (a) co-incineration of waste in combustion plants (e.g., power plants) and in the production of cement and lime; (b) incineration of waste in dedicated facilities; (c) anaerobic digestion of biodegradable waste; (e) production of solid, liquid or gaseous fuels from waste; and (f) other processes, including direct combustion after pyrolysis or gasification.




3.2. Legal System for Waste Management in the EU


The waste management rules at the EU level are set out in the Directive 2008/98/WE. Waste management means the overall handling of waste, namely the collection, transport, recovery, and disposal of waste, including the supervision of such operations and the after-care of disposal sites (Art. 3(9)). The main objective of the Directive is the handling of waste in such a manner so as to not harm the environment or human health, in line with the waste hierarchy and the “polluter pays” principle. Therefore, the main objective of the EU’s waste policy should be to reduce the adverse effects of waste generation and management on human health and the environment. Furthermore, in line with the circular economy principles, waste management policy should aim to reduce resource use by subjecting waste to recovery and using recovered materials to protect natural resources. Therefore, waste management should follow the waste hierarchy in the following order: prevention, preparing for re-use; recycling; other recovery methods (e.g., energy recovery); and disposal. The top priority in the waste management system is to prevent waste generation by taking measures before a substance, material or product has become waste, thus, reducing: (a) the quantity of waste, including through the re-use of products or the extension of the life span of products; (b) the adverse impacts of the generated waste on the environment and human health; or (c) the content of harmful substances in materials and products (Art. 3(12) of the WFD). A subsequent step is the recovery (material or organic recycling, i.e., composting). At the same time, disposal is the last resort method only applied for waste that is not recoverable and should be carried out in a manner safe for the environment and humans in line with regulations. The disposal methods include waste incineration and landfilling.



The most important waste disposal rules regulated in EU legislation are presented in Table 3. These regulations are contained in Directive 2000/76/EC on the incineration of waste [45], and Council Directive 1999/31/EC on the landfill of waste [46], amended by Directive (EU) 2018/850 [47]. According to the provisions of Directive 2000/76/EC, an issue worth emphasizing is to establish rigorous limit values for emissions from incineration plants based on the BATs [48,49]. BATs (Best Available Techniques) have been introduced into the EU legal system by the Council Directive 96/61/EC [50]. The legal definition of BATs is contained in Article 3(10) of the Act 2001 Environmental Protection Law [51] as the most effective and advanced level of technology development and methods of conducting a given activity, which indicates the possible use of particular techniques as the grounds for setting emission limit values and other permit conditions aimed at preventing or, failing that, reducing emissions, and the impact on the environment as a whole [52]. Waste incineration also involves the recovery of energy from waste. It should be emphasized that Directive 2008/98/EC in ANNEX II provides for the recovery process use of waste as a fuel or other means of generating energy (R1). This process shall include incineration plants intended solely for the treatment of municipal solid waste, provided that their energy efficiency is equal to or greater than 0.60 for operating installations authorised in accordance with the applicable Community legislation in force before 1 January 2009; or 0.65 for installations authorised after 31 December 2008. Here, the RDFs (Refuse-Derived Fuels) are defined in the 2003 European Commission document entitled “Refuse Derived Fuel current practice and perspectives” [53] as fuels including various types of waste that have been processed to meet industry guidelines, regulations or specifications, mainly with the aim of achieving a high calorific value. RDFs are also sourced from industrial waste. A wide range of industrial wastes are used as replacement or secondary fuels in Europe [54,55]. These wastes include plastic and paper, used tyres, biomass waste, textile waste, car dismantling residue operations and hazardous industrial waste of high calorific value, e.g., waste oils, industrial sludge [53,56]. Refuse-Derived Fuel is an alternative fuel which is obtained from solid waste. It is a renewable form of energy that can replace coal. By replacing this, we are able to eliminate problems such as ash handling, flue gas emission and air pollution, which are associated with fossil fuels [57].



The Directive 1999/31/EC encourages the prevention, recycling and recovery of waste through reducing the quantity and quality control of waste sent to final storage in landfills. The main goal of the Directive is eliminating uncontrolled landfills [58]. Moreover, the EU Commission recommended inspectors to carry out checks on landfills and the monitoring system [59,60]. However, the Directive 2018/850 recommends the transition of waste management to a circular economy. According to the EU Commission’s guidelines, waste-to-energy processes may have a role in the transition to a circular economy, provided that the EU’s waste hierarchy is applied as a leading principle, and selected waste treatment technologies should ensure that higher levels of waste prevention, re-use and recycling are achieved. This is essential to provide the full potential of a circular economy, in both environmental and economic terms, and to reinforce European leadership in green technologies. It should also be noted that the waste-to-energy conversion can maximise the circular economy’s contribution and reduce CO2 emissions only when the waste hierarchy is followed, which is in line with the EU’s energy strategy [61]. Therefore, the circular economy is a model of production and consumption that in-volves sharing, lending, reusing, repairing, reconditioning and recycling existing materials and products for as long as possible. In this way, the life span of products is extended. In practice, it translates into reducing waste to a minimum. When a product’s life comes to an end, the raw materials and waste derived from it should remain in the economy and be reused, thus, creating an additional value [43].




3.3. Waste Management in Poland and the Acceptable Waste Disposal Methods


Waste management in Poland is carried out under the EU rules that were implemented into the 2012 Act on Waste (AW), i.e., the principle of sustainable development, comprehensiveness, prevention of waste generation, prevention, precaution, proximity in waste management, waste elimination “at source,” separate waste collection, non-deterioration of waste quality, safe operation of installations and equipment in waste management, the obligation to subject waste to recovery or disposal only in installations or facilities that meet specific requirements, protection of human health and lives, compliance with environmental protection requirements and following the waste hierarchy [24]. Among these, the principle of proximity is quite important, where the waste is first processed at the place where it is generated, which may reduce the negative impact on the environment during transport and, consequently, reduce the costs of their disposal [62]. The literature considers that these principles fulfil two essential functions: (1) a function to organise the legal system for waste management, and (2) an environmental protection function. Therefore, the waste management principles achieve the following objectives:




	
A maximum reduction in the volume of waste in all economic activities and human livelihood;



	
The immediate integration of production residues back into production;



	
Recovery of raw materials from collected waste;



	
The application of waste disposal processes;



	
Waste landfilling in an ordered manner while ensuring a minimum impact on the environment [63].








The content of these principles determines the correct handling of waste, both theoretically and practically [64]. The system is based on waste treatment, which involves the waste recovery and disposal (Art. 3(21) of the AW). These processes are often preceded by waste temporary storage, which the Polish legislator broadly covers. According to Article 3(5), storage involves temporary waste maintenance as well as (a) the initial storage of waste by the waste generator, (b) the temporary storage of waste by the waste collector, and (c) the storage of waste by the waste treatment operator. Therefore, waste storage can be considered a temporary step that precedes the recovery or disposal of waste. The most commonly used and legally permitted waste disposal methods include thermal treatment (incineration) and landfilling (Annex 2 of the AW). The thermal treatment of waste involves incineration by oxidation or other waste thermal treatment processes, including pyrolysis, gasification and plasma processes, provided that the substances generated during these processes are subsequently incinerated (Art. 3(29) of the AW). This process should be carried out in waste incineration plants that meet the technical requirements and emission and environmental quality standards. These are plants or parts dedicated to the thermal treatment of waste with or without the recovery of generated heat. Incineration plants include installations and equipment designed to carry out thermal treatment of waste, including the purification of exhaust gases and their introduction to the air, process control, steering, monitoring, installations for the reception, pre-treatment, storage of waste delivered for thermal treatment, and installations for the storage and treatment of substances resulting from the incineration and exhaust gas purification (Art. 3(26) of the AW) [65]. In Poland, as in other Member States, RDFs are also used. This is important due to the fact that from January 1, 2016, they are forbidden from landfill waste with a calorific value exceeding 6 MJ/kg, which should encourage a wider use of waste for energy purposes [66,67]. However, waste storage should only occur at landfills, i.e., facilities specifically designated for this purpose (Art. 3(25) of the AW) [40,68]. The detailed requirements for waste management methods are presented in Table 4.




3.4. Economic and Legal Problems of Waste Management


When analysing the state of industrial waste management, apart from legal problems, economic limitations were also observed. Nevertheless, in the EU, through the implementation of Regulation (EU) 2020/852 on the establishment of a framework to facilitate sustainable investment [75], the taxonomy of energy obtained in the incineration of waste was changed to non-ecological activities. This Regulation aims to increase the level of protection of the environment by redirecting capital from environmentally harmful investments to more environmentally friendly ones. Thus, the taxonomy does not prohibit investing in ecologically destructive activities but grants additional preferences to green solutions. Furthermore, this Regulation establishes criteria for determining whether an economic activity qualifies as environmentally sustainable. Such an investment should meet the environmental objectives set out in Article 9, i.e., contribute to climate change mitigation, transition to a circular economy or prevent environmental pollution. As part of the implementation of the circular economy, the incineration of waste should be minimised and its disposal, including landfilling, should be avoided, in line with the principles of the waste hierarchy (Art. 13 of the AW). However, in practice, there are cases where EU funds are still used to build a thermal waste treatment plant, e.g., to solve the waste problem in a municipality, despite other EU guidelines. This is especially visible to investments that started before 2020, i.e., the amendment of the above Regulation. Unfortunately, although these investments have continued to be subsidized, they will not be treated as sustainable investments, which may affect the costs of their functioning in the future, e.g., by not using support systems for “green” or “sustainable” production. As a rule, one must agree with the direction of such activities. However, it is worth noting that foreign investors, especially, may demand the protection of their legitimate interest in light of international agreements [76].



The financial limitation is also the high costs of adapting the installation to the stringent requirements [77]. Another issue is obtaining revenues from the vacated sites after the accumulated and incinerated waste. Another problem is the lack of financing for a thermal waste treatment plant, which is not conducive to reducing the mass of landfill waste. The lack of proper control and supervision is conducive to illegal activities, which poses numerous threats to the waste management system. The consequence of such a state is the search for alternative ways to manage landfill waste, such as illegal waste incineration, which negatively affects human health and the state of the environment. It also causes tax crimes. It takes advantage of the lack of, in principle, the liability of the partners of a capital company for its obligations. In this arrangement, civil liability applies to members of the company’s governing bodies. In a situation where these people do not have property or meet the exclusion criteria on time (e.g., they file a petition for bankruptcy of the entity), they will be exempt from civil liability. In Polish company law, there is no institution of “shadow directors,” analogous to the provisions of English law. Therefore, premises of extraction occur not only in the case of civil liability of members of the management board but also in public liability to administrative penalties for the violation of environmental protection regulations. In this case, state authorities may also face obstacles to compulsory enforcement. Additionally, even if the lack of members of the company’s governing bodies effectively fails to raise charges of exclusion, if they do not have property, it will not be possible to enforce administrative penalties. Consequently, the imposed administrative penalties or civil liability have no impact on the effectiveness of legal measures to prevent violations of environmental regulations. In such a case, it should seek protection in criminal regulations; in this respect, one should look for a possible fraud, the features of which are the broadest and used in the fight against VAT fraud (VAT carousels) [78,79,80,81,82]. The other method of the illegal disposal of waste is to conduct such activity by subletting the premises of a company registered on the so-called “Pole.” A common practice is to report such a company for a short period when a significant accumulation of waste suddenly disappears, leaving the commune areas with a large mass of accumulated waste, often hazardous [83].




3.5. Legislative Action to Prevent Arson Attacks on Landfill Waste in Poland


To prevent the trend of setting fire to landfill sites, an attempt was made to “tighten” the waste management system in Poland by amending the 2012 Act on Waste and the 1991 Act on the Environmental Protection Inspectorate [84] in the 2018 Act [85]. This amendment introduced more stringent regulations for the different waste management stages (Table 5).



Having analysed the above regulations included in Table 5, it is worth noting the new rules for waste storage or an obligation imposed on the holder of waste to establish the security of claims and the introduction of new obligations concerning receiving permits for waste collection or conversion. Applicants for a waste collection or waste conversion permit shall be required to submit to the authority, in addition to the previously required documents, additional information concerning the stored waste and the capacity of the installation, facilities, other waste storage sites, and the establishment of the security of claims if it is necessary to cover the costs of the substitute performance of the decision ordering the disposal of waste. Furthermore, in addition to the document confirming the security of claims, the applicant shall be obliged to submit a certificate proving no previous criminal convictions for environmental offenses. Consequently, people convicted of environmental crimes shall not be allowed to carry out waste management activities. In contrast, people fined with an administrative penalty for the torts listed in Article 194 of the AW shall not be granted a permit if the entrepreneur has been fined at least three times. The penalty exceeded the amount of PLN 150,000 (approximately EUR 33,000). Moreover, the issuance of a waste management permit shall be preceded by a mandatory inspection of the facility and other waste storage sites carried out by the State Fire Service inspectors. An adverse opinion issued by the State Fire Service District (Municipal) Chief will result in the competent authority to issue the decision refusing to do so [88,89].





4. Results and Discussion


4.1. Analysis of the Waste Management Structure in Poland as Compared to the EU


In the EU, in 2018, more than half of waste (54.6%) was subjected to recovery processes, including recycling (37.9%), backfilling (10.7%), or energy recovery (6.0%). The remaining waste (45.4%) was landfilled (38.4%), incinerated without energy recovery (0.7%) or disposed of in other ways (6.3%) (Table 6). Significant differences can be observed between the EU Member States in terms of using these different waste management methods. For example, Italy and Belgium achieved very high recycling rates, while most waste was landfilled in Greece, Bulgaria, Romania, Finland and Sweden [90]. The leading countries in waste incineration include Germany and Denmark. In Germany, 55% of waste was incinerated with energy recovery, while in Denmark, it was 29% in 2011, with the proportion of landfill waste as only 6% [91,92]. In 2019, Poland generated 114.1 million tonnes of industrial waste, which recovered 49% of waste—43% was disposed of utilizing landfilling and 5% was disposed of in another way (including the thermal treatment of waste). It should be noted that, as part of disposal, 89% of waste was landfilled, 4% was transferred to other recipients and 2% was temporarily stored [26]. With regard to industrial waste, many companies transform post-production waste into new products, e.g., for the production of gelatine. The raw material for the production of gelatine is post-production waste from the food industry in the meat, poultry and fish industries. Such activities also have an impact on the energy and water efficiency of the production plant. Solid by-products from the meat industry are used for fodder, energy as an additive for various types of fuels and as fertilizers [93]. The data presented above show that despite applying the five-step waste hierarchy in the Polish legal system, a large proportion of the waste generated by economic activities is still landfilled. The volume of landfill waste in 2019 amounted to approximately forty-nine million tonnes, and covered a total area of over 8 thousand ha [26]. In order to check the trends in the waste management structure, data from 2016–2020 after the establishment of the Action Plan for the circular economy were analysed (Table 6).



Table 6 shows a general downward trend in the generated industrial waste in 2016–2020 from 131 to 109 million tonnes. As part of the waste processing structure, the amount of waste recovered was from 48 to 50% (can be considered a constant trend) of waste, and for disposal—46–48% (upward trend), including 42% of waste landfilled. The basic method of waste disposal was landfilling (88–90%). Part of industrial waste was transferred to other recipients at the level of 0.9–2.9%, and the remaining part was temporarily stored (1–2.5%). In Poland, compared to the EU, the data showed a slightly lower share of recovered waste and a higher share of landfill waste. Moreover, in the analysed period, an increase in the waste accumulated in landfills has been observed. The data show that over 40% of industrial waste is landfilled and temporarily stored. The large mass of waste accumulated so far is also disturbing. These data prove the existing technical and organisational difficulties in neutralising this type of waste, which may contribute to illegal activities aimed at disposal of this type of waste by economic entities, such as its incineration. Too little waste is recovered and most of its landfilled. It can contribute to leakage in the waste management system. This situation has not changed over the last years. It seems that despite the implementation of the circular economy system in Poland, nothing has changed so far in the field of industrial waste management regarding recycling, i.e., processing of secondary raw materials. Therefore, the scale of the waste landfilling trend can be regarded as significant, which may contribute to the search for alternative ways to manage landfill waste, not necessarily in a legal manner.



As part of the monitoring interventions undertaken by the State Fire Service’s National Rescue and Firefighting System officers, an increase in the number of fires of both landfills and illegal dumping sites was noted. In 2012, there were 75 fires at places where waste is stored and deposited, while in 2017—132 and 2019—177 such cases throughout the country (an average of 15 fires per month). However, compared to the previous year, 2018, when the number of fires doubled in the first half of the year compared to 2017, the number of fires in 2019 decreased by 27% (243 fires) [26]. Police reports show that at least some landfill fires were caused by intentional arson, e.g., 23 out of 54 fires in 2018 used car tyres plastics [83].




4.2. Factor Analysis of the Industrial Waste Management


While analysing the factors influencing the management of economic waste, the following groups of factors were identified: political, economic, social, technological, environmental and legal (Table 7, Table 8 and Table 9).



Table 7 presents strengths and weaknesses as internal factors, and opportunities and threats as external factors that affect the industrial waste management. The opportunities as favourable factors of the industrial waste management system in accordance with the principle of sustainable development are the EU policy in the field of implementing the circular economy which implements the assumptions of the EU energy policy and the European Green Deal which complies with the principles of waste management in Directive 2018/850, as well as the introduction of stringent technical requirements for storage and disposal waste management. In this way, the strengths of this system are the transition of these rules in the Polish waste management system with rigorous technical standards in according to the waste hierarchy protecting the environment or human health. Here, it should also take into account the acceptable methods of waste management that consist in the recovery of energy from waste incineration and the recovery process, the use of waste as a fuel or other method of energy production (RDFs) and the prohibition of landfilling of high-calorific waste in Polish legislation. On the other hand, weaknesses include the waste management structure dominated by waste storage and the accumulated large mass of industrial waste, which contributes to the lack of technical and organisational disposal possibilities.



Table 8 presents the impact of the analysed factors described in Table 7. On the basis of this analysis, these factors can be ranked according to the large to small impact: technological—3.40, legal—3.15, economic—3.0 and political—2.67, and social and environmental—2.0.



On the other hand, when analysing the rank of factors in individual SWOT elements, the following findings were discovered:



Strengths—the entire legal system, i.e., the decisive factors are legal at 3.50.



Weaknesses—the technical factors at 3.50 and economic at 3.33.



Opportunities—opportunities are shaped by legal at 3.33 and political factors at 2.67.



Threats—technological factors (4.0) are decisive, followed by economic and legal factors (2.55 and 2.33, respectively), as well as environmental and social factors (2.0) resulting from the negative impact of illegal landfill incineration on the environment (Figure 2 and Figure 3).



Based on the assessment of these factors, we proposed an industrial waste management strategy. Due to the impact on industrial waste management of factors according to the ranking, i.e., technological, legal, economic and political, and social and environmental, it is necessary to strengthen the economy in these areas (Table 9).



Table 9 shows the proposals for strengthening the areas of industrial waste management, especially in the technological, legal and economic issues directly affecting its condition. First of all, it concerns an increase in the technical potential of waste recovery methods, including energy recovery, considering legislative changes and extending the system of legal and economic instruments and the possibility of financing waste recovery installations. In the remaining analysed areas indirectly affecting industrial waste management, changes in the EU environmental and energy policy towards greater strengthening and support of waste recovery methods should be considered. However, in order to reduce environmental threats resulting from illegal activities, the monitoring and control system over the management of this waste should be strengthened. The above-mentioned measures will increase the technical possibilities of neutralising and recovering industrial waste, meeting strict emission and environmental standards, increasing the number of investments in this area, limiting illegal activities, and reducing the emission of pollutants into the environment, which will improve the quality of environmental resources and life of the society.



In the last stage of the analysis of the industrial waste management system, the relationship between the application of the existing regulations concerning closed-loop waste management and the effectiveness of methods, ways and economic instruments preventing the illegal burning of landfill waste were determined. The diagram of the industrial waste management system in Poland is shown in Figure 4.



When analysing the waste management system in Poland, as shown in Figure 4, the following advantages and disadvantages (limitations) should be indicated:



Advantages



	(1)

	
This system is based on EU regulations contained in the Framework Waste Directive 2008/98/EC, which defines the hierarchy of waste management, preferring recovery methods with landfilling as the last resort, as well as other Directives regulating the technical and organisational requirements of waste recovery and disposal methods.




	(2)

	
That system complies with the principles of the circular economy, implementing the guidelines of the EU Energy policy and European Green Deal and favouring the recovery and recycling of secondary raw materials.




	(3)

	
EU regulations have been implemented with Polish legislation to the Waste Act of 2012 and regulations specifying technical and organisational requirements for waste recovery and disposal methods.




	(4)

	
The Polish regulations seem to be consistent with the EU law, regulating in detail the technical requirements of waste recovery and disposal methods.




	(5)

	
The legal system of industrial waste management in Poland is, therefore, strongly anchored in EU regulations, and according to the factor analysis, its strengths have a large direct impact, apart from technological and economic factors, on the current state of waste management.







Disadvantages (limitations)



	(1)

	
The disadvantages of the industrial waste management system arise mainly from the direct influence of technological and economic factors constituting the weaknesses of this system. Having analysed the waste management structure in Poland, it has to be stated that a substantial amount of industrial waste is still temporarily stored and landfilled compared to certain EU countries, as well as the increasing mass of landfilled accumulated waste. Therefore, too much waste is generated and insufficiently processed in recovery processes and is thermally transformed with energy recovery. However, according to the current EU guidelines in Regulation 2020/852, the thermal treatment of waste with energy recovery has been considered a non-ecological method and not the preferred method for implementing a circular economy. This may be one of the reasons why waste management is not closed.




	(2)

	
Too much mass of landfill waste caused problems with its recovery. The reasons for this state of affair should be sought with the lack of organisational, technical and financial possibilities to process such a large mass of landfill waste. This is evidenced by the large direct influence of technical and economic factors. This is linked to the very high costs of legally incinerating waste, i.e., in facilities that comply with the BAT requirements and meet emission standards and environmental protection requirements. Thus, the system seems ineffective, inefficient and leaky. Consequently, alternative (and not always legal) ways to dispose of such waste are sought, including setting fire to waste landfill sites. This constitutes a major threat to the industrial waste management system, as evidenced by the decisive influence of the technical, but also economic (high costs of decommissioning these facilities, costs of repairing environmental damage) and legal factors in the form of other illegal activities in the field of economic and criminological law.




	(3)

	
The consequence of this situation is the damage to the environment, which limits the availability of environmental resources for economic activity and worsens the quality of life of society, as evidenced by the indirect influence of social and environmental factors.







In Poland, attempts have been made to resolve this problem by tightening up formal requirements in the form of financial guarantees; the detailed expansion of the provisions on administrative decisions regarding waste collection and storage, including fire protection; an obligation to monitor landfill sites; shortening the permitted period of waste storage; and increasing the level of criminal sanctions. In this way, the above-mentioned legislative measures will enable a more effective verification and selection of entities that are suitably qualified and, above all, are technically capable of managing waste properly without posing a threat to humans and the environment.





5. Conclusions


The current approach to waste management in the EU is to adapt it to a circular economy, which implements the provisions of the EU energy policy and the European Green Deal. This economy involves increasing the proportion of waste recycling and recovery, i.e., extending the life span of secondary raw materials derived from waste and its incineration with energy recovery. Therefore, the industrial waste management system in Poland should be based on these principles. Based on the analysis of the legal status and factor analysis, the advantages and disadvantages of this system were identified. The most decisive factors for the development of the industrial waste economy are legal regulations, technical conditions and economic opportunities. However, the reasons for the lack of closure of this system can be found in the shortcomings in these analysed areas. This allowed for the formulation of remedial postulates. The introduced provisions should be more effective. However, for the sanctions to be effective, they must also be present in the proper proceedings. The entity responsible for the disposal/management of waste in a legal manner is its holder/entity dealing with waste management. However, their liability may be significantly limited in the case of long-term proceedings or failure to identify them, e.g., in the case of liquidation of the company before fulfilling the obligation to dispose of waste or set it on fire. Thus, the mere establishment of legal provisions and criminal sanctions is not necessarily effective, as appropriate instruments for their enforcement are needed. Perhaps entrepreneurs operating in waste management should be subsidized to increase the profitability of waste recovery and disposal and prevent illegal activities.



According to our proposed industrial waste management strategy, it should be strengthened primarily in the technological, legal and economic areas. The waste management system in Poland should be oriented towards increased waste recovery, including energy and fuel recovery during waste incineration, and a more significant reduction in the volume of temporarily stored waste and landfill waste under the circular economy recommendations. Waste management also needs to implement the current EU system that favours the Right to Repair principle, which requires producing more durable, repairable electrical and electronic devices, thus, reducing waste. Therefore, co-financing producers as part of qualifying their activities as sustainable investments could be a good solution for the circular economy and the environment.



In summary, a comprehensive factor analysis of the industrial waste management system, which allows to determine the strengths and weaknesses, as well as opportunities and threats of this system, made it possible to identify legal gaps and possible reasons for not closing this system. The consequence of this is, i.e., illegal waste incineration. The identification of all these aspects constitutes the added value of the article. Moreover, the legal solutions taken to reduce the trend of illegal landfill waste burning can serve as an example of legislative changes in waste management and energy policy and can be useful for applications in other EU countries.
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Figure 1. Types of methods used to verify research assumptions. 
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Figure 2. The rank of PESTEL factors in four analysed groups (Strengths, Weaknesses, Opportunities and Threats), where P—political, €—economic, S—social, T—technological, E—environmental and L—legal. 
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Figure 3. The rank of key and decisive factors influencing the industrial waste management. 
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Figure 4. Diagram of the industrial waste management system in Poland. 
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Table 1. Details of the research methods used to analysis of the industrial waste management.
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	METHODS
	LEGAL-DOGMATIC
	EMPIRICAL
	LOGICAL-IDENTIFICATION





	Database
	(1) UE programs

– UE energy policy

– European Green Deal

– circular economy

(2) UE waste management system

– Waste Directives 2008/98/EC, 2000/76/EC, 1999/31/EC, 2018/850

– Regulation 2020/852

– European Commission Communications COM(2015) 614/2), COM/2017/34

(3) Polish legal acts

– Waste Act of 2001, 2012, Environmental Protection Law of 2001, Environmental Protection Inspectorate Act of 1991, Environmental Damage Act of 2007, Criminal Code of 1997

– Regulations on waste management methods of 2013, 2015, 2016, 2020 and 2021

– jurisprudence

(4) Literature review
	(1) Statistical data of Eurostat

– industrial waste management UE-28 in 2018

– illegal incineration of landfills in EU countries

(2) Statistical data of GUS

– industrial waste management in Poland in 2017–2020

(3) State Fire Service’s National Rescue and Firefighting System

– illegal incineration of landfills in Poland in 2012, 2017–2019


	(1) SWOT analysis

(2) PESTEL factor analysis

– a total of 27 factors, including 3 political, 5 economic, 5 technological, 1 social and environmental, and 12 legal factors.



	Parameters
	(1) Literature citations

(2) Legal regulation analysis

(3) Identification of legal gaps and crime cases
	(1) Structure of industrial waste management in UE–28 and Poland

– waste generated

– recovered

– disposal, including landfilling

– temporarily stored

– transferred to other recipients

– previously waste stored (accumulated)

(2) Cases of illegal incineration of landfills

– number of fires in Poland


	(1) Identification of favorable and unfavorable factors, divided into internal (strengths, weaknesses) and external (opportunities, threats)

(2) Range factor analysis with a scale from 1 to 5, where 1—small impact, 5—large impact
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Table 2. Scheme for SWOT analysis of the industrial waste management system [36].
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	INTERNAL FACTORS
	EXTERNAL FACTORS





	Favorable factors
	Strengths

factors which, when used properly, will favor development of the system
	Opportunities

conditions which, if used properly, can have a positive effect on development of the system



	Unfavorable factors
	Weaknesses

factors whose failure to eliminate or reduce the strength of their impact will hinder the development of the system
	Threats

factors that may pose a threat to the efficiency of this system in the future
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Table 3. Basic principles of waste disposal according to EU law.
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	DIRECTIVE
	LEGAL REGULATIONS





	Directive 2000/76/EC
	
	
To achieve a high level of environmental and human health protection, it must set and maintain stringent operational conditions, technical requirements, and emission limit values for plants incinerating or co-incinerating waste within the Community.



	
The aim was to establish more rigorous limit values for emissions from the existing and new incineration plants based on the BAT and to include emission standards for dioxins resulting from the incineration of waste containing halogenated compounds.



	
The limit values set in this way should prevent or reduce, as far as practically possible, adverse effects on the natural environment and the resulting hazards to human health.



	
The Directive applies to all types of non-hazardous waste, including sewage sludge, medical waste, and tires.



	
Waste incineration aims to reduce the volume of waste and related hazards and eliminate potentially harmful substances.



	
Incineration processes can also provide the means to enable the recovery of energy, minerals, and/or chemical compounds from waste.








	Council Directive 1999/31/EC
	
	
Directive sets out general criteria and rules for the reception of waste or residues at a landfill.



	
Each Member State must develop a procedure and establish standards to be met by waste for a specific landfill class.



	
One of the priorities under the Community Strategy for Waste Management is to eliminate uncontrolled, unmonitored, poorly managed, and illegal (unper-mitted) landfills.



	
Article 9 of the Directive also introduces an obligation to monitor and report on landfill sites.








	Directive (EU) 2018/850
	
	
The main goal was to support the EU’s transition to a circular economy, and meet the requirements contained in the Waste Directive 2008/98/EC.



	
The aim of this Directive is to ensure a progressive reduction of landfilling of waste, particularly of waste that is suitable for recycling or another recovery, and, by way of stringent operational and technical requirements on the waste and landfills, to provide for measures, procedures, and guidance to prevent, or reduce as far as possible, the adverse effects on the environment.



	
This mainly concerns the pollution of surface water, groundwater, soil, and air, and on the global environment, including the greenhouse effect and any resulting risk to human health, from the landfilling of waste during the whole life-cycle of the landfill.
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Table 4. Detailed requirements for the waste management methods in Polish law.
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	METHODS
	LEGAL REGULATIONS





	Temporality storage
	Regulation of 2020 on complex requirements for waste storage [69]

	
Waste storage should be carried out, among other things, at sites with a waste storage capacity adjusted to the volume of waste generated in a particular period and the frequency of waste collection. This should be done in a manner appropriate to waste’s chemical and physical properties and prevent the spreading of waste beyond the designated area.



	
The waste should be stored using packaging, containers, containers, tanks, or bags, and piles or piles of it will not cause soil and ground contamination as well as surface and groundwater.



	
For hazardous waste, it also involves minimising the effect of weather factors on waste by using leak-proof containers, receptacles, or tanks, or a system for collecting spillage and leachate water if the impact of weather factor is likely to cause an adverse effect of the stored waste on the environment or human health and lives. The impact of weather conditions may not cause a negative impact of the accumulated waste on the environment or human life and health, in particular, change the chemical and physical properties of waste and cause odor nuisance (§ 4).



	
In the case of hazardous waste sensitive to elevated temperature, in particular resulting from the action of solar radiation, showing explosive properties or flammable waste, it should be stored in a room ensuring a temperature that allows safe for human life and health and the environment for their storage (§ 10).








	Waste incineration
	Regulation of 2016 on waste incineration process [70]

	
Regulation sets out the requirements for carrying out the thermal process of waste conversion, excluding medical and veterinary waste, among other things in terms of the incineration temperature and the technical equipment of the incineration plant used for the thermal conversion of waste, energy recovery, exhaust gas offtake and purification, and waste storage.



	
Regulation of 2020 on waste incineration process [71]



	
Regulation sets out emission standards for introducing gases or dust to the air for particular types of facilities, fuel combustion sources, and waste incineration or co-incineration facilities.



	
Waste incineration plants should be designed, built, equipped, and used in such a manner to achieve such a level of thermal waste treatment, for which the volume of waste and other emissions resulting from the thermal treatment of waste, and their harmfulness to human lives and health or the environment, are reduced to a minimum.








	Storage of waste in landfills
	Regulation of 2015 on the category of waste allowed to be stored [72]

	
Regulations in particular applies to inert and hazardous as well as other waste in terms of its types and criteria of its storage (the content of heavy metals and highly toxic substances).



	
Regulation of 2013 on the location conditions and technical requirements for landfills [73], amended by the 2021 Regulation [74]



	
The primary technical requirements for waste landfills include, for example, a natural or artificial geological barrier with a minimum thickness of 0.5 m to seal the bottom and sides of the landfill, a leachate draining system, an external drainage ditch system, a landfill gas offtake system for the storage of biodegradable waste, and isolating greenery belt with a minimum width of 10 m, a waste weighing scale and a shuffle pit.
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Table 5. Legislative solutions to prevent illegal incinerated waste.
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	WASTE MANAGEMENT STAGE ISSUES
	LEGAL SOLUTIONS





	the introduction of additional criteria and shortening the permissible period for waste storage
	waste can only be stored where the need for storage results from technological or organisational processes and where the storage duration does not exceed the periods justified by the application of these processes, provided that the duration is no longer than one year



	a reduction in the volume of collected and stored waste
	the volume shall not exceed half of the maximum total weight of all waste types that can be stored for one year, as specified in the permit



	obligation to have a video system for monitoring waste storage and landfilling sites
	shall keep a video image recorded by the waste storage or landfilling site monitoring system for one month after the date of recording



	detailed expansion of the requirements for permits for waste collection and conversion
	(a) issued only after an inspection, carried out by a voivodeship environmental protection inspector, of the installations or waste storage sites at which waste is to be converted or collected, in terms of meeting the requirements set out in regulations concerning environmental and fire protection; (b) security of claims in an amount sufficient to cover the costs of waste disposal from a location not intended for its landfilling or storage, and the disposal of waste and its management, including waste generated during a fire-fighting operation, or the elimination of adverse effects in the environment or environmental damage, governed in the 2007 Act on the environmental damage [86]; (c) a certificate proving no previous criminal convictions for environmental offences or crimes specified in the Criminal Code [87] for waste management operators; (d) a statement confirming that in the last ten years, no final decision on the withdrawal of a waste collection and/or conversion permit has been issued, or that no administrative pecuniary penalty under Article 194 of the AW has been imposed



	the suspension of waste collection or conversion activities not complying with legal requirements by the voivodeship environmental protection inspector in the following cases
	
	(a)

	
waste collection and conversion activities carried out without the required permit;




	(b)

	
if an administrative penalty has been imposed on the waste holder for the second time for the violation of waste management regulations within three years









	increasing the administrative pecuniary penalty for waste collecting or converting without the required permit
	from an amount of no less than PLN 10,000 (approx. 2000 euro) to a maximum amount of PLN 1,000,000 (approx. 220,000 euro), and when the penalty is imposed for the second or subsequent time, this amount shall be doubled







Legal basis: Art. 25(4), Art. 25(4a), Art. 25(6a-e), Art. 41a(1), Art. 26(2), Art. 42(9a), Art. 48a, Art. 32(1a, 1b), Art. 194a of the AW.
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Table 6. Industrial waste generated and landfilled (million tonnes) and the structure of processing this waste (%) in Poland in 2016–2020 and UE-28 in 2018.
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YEARS

	
TOTAL

GENERATED

	
RECOVERED

	
DISPOSED

	
TRANSFERRED TO OTHER RECIPENTS

	
TEMPORALITY STORED

	
WASTE LANDFILLED

ACCUMULATED




	
TOTAL

	
LANDFILLING






	
Poland

2016

	


128.3

	


49.5

	


46

	


41.8

	


-

	


1.8

	


1710.6




	
2017

	
113.8

	
49

	
47

	
42

	
2.9

	
1.1

	
1736.5




	
2018

	
115.3

	
50.6

	
47.4

	
42

	
0.9

	
1.1

	
1760.0




	
2019

	
114.1

	
49

	
48

	
42

	
1.8

	
1.2

	
1794.5




	
2020

	
109.5

	
48

	
48

	
42

	
1.5

	
2.5

	
1787.8








Analysis based on statistical data compiled by the Central Statistical Office of Poland in 2016 [94] and 2017–2020 [26,95,96,97], and UE-28 [90].
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Table 7. SWOT analysis for the industrial waste management according to PESTEL analysis classifying: political (P), economic (€), social (S), technological (T), environmental (E) and legal (L) factors.
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	INTERNAL FACTORS
	EXTERNAL FACTORS





	Favorable factors
	Strengths

L1 The transition of a circular economy to waste management by Directive 2018/850

L2 The main assumptions and objectives of the WD promoting waste management in such a manner so as not to harm the environment or human health, in according to the waste hierarchy

L3 Possibility of energy recovery from waste incineration under ANNEX II of the Directive 2008/98/EC as well as the recovery process use of waste as a fuel or other means of generating energy (RDFs - Refuse Derived Fuel)

L4 The implementation the provisions of Directive 2008/98/EC to Polish legislation in the 2012 Act on Waste

L5 Establishing detailed requirements for the waste recovery and disposal methods in Polish legal regulations

L6 Prohibition waste storage with a high calorific value exceeding 6 MJ / kg in Poland after January 1, 2016


	Opportunities

P1 The introduction of the UE energy policy provisions to the European Green Deal

P2 Implementation of the Green Deal Program assumptions within the circular economy

P3 The introduction of the circular economy system by the EU as a regenerative system in which resource input and waste, energy emissions and leak-age are minimised by slowing down, closing and narrowing material and energy loops

L7 The guidelines of the EU Commission require changes in the environmental protection law, especially in the Waste Directive 2008/98/EC strengthen the hierarchy of waste management favoring recycling of secondary raw materials

L8 Establishing technical requirements of waste recovery and disposal in Directives 1999/31/EC, 2000/76/EC, 2018/850

L9 Establishing rigorous limit values for emissions from incineration plants based on the BAT in the Directive 2000/76/EC introduced into the EU legal system by the Council Directive 96/61/EC



	Unfavorable factors
	Weaknesses

T1 Lack of adequate control and supervision of temporarily stored waste and landfills in Poland

T2 The structure of industrial waste management - 43% of waste landfilled, only 5% disposed of in another way (including the thermal treatment of waste) and 2% temporarily stored, an increase in the amount of waste accumulated in landfills

T3 Low share of energy recovery from waste in Poland

T4 Lack of technical and organisational possibilities of managing accumulated waste

€1 High disposal costs associated with the existing technical requirements for installations and the need to comply with stringent emission and environmental quality standards

€2 Lack of financial possibilities of managing stored and landfilled waste

€3 No revenues from the vacated sites after the accumulated and incinerated waste


	Threats

S1 Illegal waste landfill arson negatively affects the life and health of population by causing lifestyle diseases e.g. cancers

E1 Illegal waste landfill arson negatively affects the environment by emissions of highly toxic compounds to the atmosphere, as well as air, water, and soil pollution

€4 Polluted and degraded environmental resources cannot be used economic purposes

L10 Changes in the taxonomy of energy obtained in the incineration of waste to non-ecological activities by the Regulation (EU) 2020/852

€5 No funding a thermal waste treatment plant, especially investments started before 2020 have not continued to be subsidized, which may affect the costs of their functioning in the future, for example, by not using support systems for “green” or “sustainable” production

T5 The search for alternative ways to manage landfilled waste such as illegal waste incineration

L11 The mechanism of using the entity in VAT crimes

L12 The method of illegal disposal of waste is to conduct such activity by subletting the premises of a company registered on the so-called “Pole”
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Table 8. SWOT analysis for industrial waste management according to PESTEL analysis for particular factors with assessment of the impact force (a scale from 1 to 5, where 1—small impact, 5—large impact).
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	FACTORS
	STRENGTHS
	WEAKNESSES
	OPPORTUNITIES
	THREATS
	MEAN





	political (P)

P1

P2

P3
	
	
	 

2

2

4
	
	



	Mean
	
	
	2.67
	
	2.67



	economic (€)

€1

€2

€3

€4

€5
	
	 

4

4

2

 
	
	 

 

 

 

2

3
	



	Mean
	
	3.33
	
	2.50
	3.00



	social (S)

S1
	
	
	
	 

2
	 

2.00



	technological (T)

T1

T2

T3

T4

T5
	
	 

3

5

2

4
	
	 

 

 

 

 

4
	



	Mean
	
	3.50
	
	
	3.40



	environmental (E)

E1
	
	
	
	 

2
	 

2.00



	legal (L)

L1

L2

L3

L4

L5

L6

L7

L8

L9

L10

L11

L12
	 

4

3

3

5

4

2
	
	 

 

 

 

 

 

 

3

4

3
	 

 

 

 

 

 

 

 

 

 

3

2

2
	



	Mean
	3.50
	
	3.33
	2.33
	3.16
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Table 9. Proposed industrial waste management strategy based on factor analysis.
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	FACTORS
	ACTION PROPOSAL
	BENEFITS





	Technological
	Strengthen the technical potential of industrial waste treatment methods, aimed at greater waste recovery, including energy recovery and the production of fuels from waste incineration.
	— reducing the mass of waste deposited in landfills

— increasing the technical possibilities of neutralising and recovering landfilled waste

— greater waste recovery, including energy recovery and the production of fuels from waste incineration, which is in line with the EU energy policy and beneficial due to the energy crisis



	Legal
	Consider extending the system of legal and economic instruments to help industrial waste managers meet stringent emission and environmental quality standards.

Consider restoring waste incineration installations as pro-environmental in view of the potential for energy recovery from waste and fuel production.
	— increased legal assistance will allow for greater possibilities of implementing waste recovery installations, including energy recovery that meet stringent environmental standards

— an alternative method of waste recovery as a pro-environmental installation will allow for the possibility of co-financing



	Economic
	Increasing the possibility of co-financing waste recovery installations, including energy recovery.

Introducing tax breaks and other financial support instruments for these investments.
	— greater possibility of co-financing investments will encourage entrepreneurs to invest in waste recovery installations and limit illegal activities, e.g. incineration of landfilled waste



	Political
	Consider introducing changes to energy and environmental policies aimed at further enhancing waste recovery, including energy recovery from waste.
	— the necessity to implement new EU policies into national legislation will strengthen the state’s efforts to improve waste recovery methods



	Environmental and social
	Strengthen environmental control and monitoring of the impact of waste management, including illegal activities.
	— less pollution of the environment, which will have a better impact on the quantity and quality of available environmental resources and the quality of life and health of the society
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