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Abstract

:

The consequence of the current economic development model is the generation of large amounts of waste and energy losses. One way to change this negative trend is a more rational use of raw materials reducing the amount of generated wastes. Biowaste, which may be divided into garden and kitchen waste, constitutes the main part of municipal waste. At the household level, it can be managed through composting—the most sustainable way of biowaste management. In this context, this paper aims to assess the economic and environmental effects of implementing the home composting incentive program introduced by one of the municipalities near Warsaw (Poland). The study is based on the estimation of the amount of biowaste generated in the commune, as well as on the number of households with the potential to compost biowastes. The effects of implementing the composting program were evaluated at different participation levels. The cartographic-based methods (GIS) were used in the analyses. Additionally, willingness to accept home composting by residents and its main determinants were examined. The results of the study indicate that the changes in the current household biodegradable waste management model are practicable and generate positive economic and environmental effects. However, the promotion of home composting requires active support from the local authorities, both in the financial dimension and by increasing residents’ environmental awareness.
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1. Introduction


The economic model dominating the modern world is based on a linear approach to production and consumption. Its consequence is the generation of large amounts of waste and energy losses [1,2,3]. The organization of economic processes according to this model causes environmental degradation and becomes one of the dimensions of the contemporary global ecological crisis [4,5,6]. According to World Bank [5], accelerating urbanization and the growing global population will result in an increase in the mass of waste generated in the next 30 years to 3.4 billion tonnes/year, compared to 2.01 billion in 2016. In this context, increasing the degree of waste reuse (and thus reducing the consumption of natural resources and energy) is one of the key challenges in achieving the Sustainable Development Goals set by the United Nations [7,8,9]. In particular, the relationship between waste management and Goal 12 of “UN Sustainable Development Goals” [4] is emphasized, pointing to the need to “to ensure sustainable consumption and production patterns”. The implementation of this goal in the EU countries is to be possible due to “A new Circular Economy Action Plan for a cleaner and more competitive Europe”—one of the blocks of the European Green Deal (Europe’s new agenda for sustainable growth) [10]. Recycling at least 65% of municipal waste by 2030 has become one of the new EU waste policy targets [10]. Recycling of municipal waste is perceived today as one of the important elements of the transformation of the economy toward the circular economy model, which is an alternative to the linear approach [10,11,12]. Savini [3] underlines that “circular economy provides an approach to economic development that makes one problem the solution of the other in a sustainable way,” which “is particularly evident in how biomass and biogas are now used to justify the value of organic waste as a long-term source of ‘green’ energy and bio-based raw materials”. Among all municipal waste, biowaste is a category of waste that can be recycled at the household level through composting [13,14,15]. This is particularly important in the case of countries where treatment capacities (composting capacity and anaerobic digestion capacities) are lower than the collected biowaste. One of such countries is Poland, where, according to the European Environment Agency (EEA) estimations [14], an average of 100 kg of biowaste per person (collected separately and not separately) is collected (for comparison, according to Central Statistical Office (CSO) [16], the total waste generation per person in Poland is about 342 kg), and in treatment capacities (installed treatment infrastructure including anaerobic digestion plant and composting plants), it reaches to 50 kg per person. Statistical data also show that 80% of these treatment capacities are based on anaerobic digestion treatment, while composting treatment accounts for only about 20% (on average, in the 21 analyzed countries, composting facilities currently account for 53% of biowaste treatment capacity, while anaerobic digestion accounts for 47%) [14]. At the same time, less than 30% of biowaste is collected in Poland separately (the average for 32 EEA members and cooperating countries exceeds 50%; in Germany, for example, 64% of municipal biowaste is collected separately). In Poland, over 85% of municipalities conduct selective collection of biodegradable waste. According to Central Statistical Office [16], about 1.61 mln tons of biodegradable wastes in the country were collected separately in 2020 and 98% of this value (1.58 mln t) directed to composting or fermentation. For comparison, the total mass of municipal wastes amounts about 13.1 mln tons, including 4,97 mln tons of wastes collected separately (this means that only 37.9% of waste is collected separately) [16]. Estimations of EEA [14] indicated that separately collected biowaste in Poland constitutes about 30% of total amount of collected biowaste, which are rather poor results, as average for 32 EEA members and cooperating countries exceeds 50%; in Germany, for example, 64% of municipal biowaste is collected separately. However, official statistics do not report what is the share of separately collected biodegradable waste in the total amount of biodegradable waste. This means that most biowaste is not reused in any way in Poland. At the same time, in many communes, the costs of maintaining a waste collection system exceed the revenues from contributions paid by residents for the maintenance of this system [17]. Therefore, it is reasonable to look for ways to increase the degree of biowaste processing in Poland, especially through home or local composting, which is indicated as the most sustainable way of biowaste management [14,18,19]. In this context, the main practical aim of this article was to assess the economic and environmental consequences of the implementation of a home composting incentive program entitled “Composter for Everyone” by one of the municipalities, which is currently struggling due to deficit of funds in the waste collection system. The program is being implemented in stages; hence, the full ex post assessment of its economic and environmental consequences will only be possible in a few years. The main research aim of the paper was evaluating overall economic and environmental effects of “Composter for Everyone” program (on the scale of the entire commune) before its completion, which is important from the point of view of promoting similar solutions in other cities/communes. Thus, our study contributes to ongoing discussions about appropriate/optimal system of municipal waste management. Taking into account the specified case, we hypothesize the following statements:




	
Subsidizing home composting using discounts in waste collecting fees and providing composters is profitable for the commune, as the reduction in waste management costs is greater than the loss of collected fees;



	
The current level of financial incentives is too low to encourage the majority of citizens to participate in the home composting program;



	
The majority of residents indicate a low level of perception of benefits from home composting, thus concentrating mainly on the economic aspects of home composting.








The research is, therefore, a case study, as similar solutions have not been used intensively in Poland so far, and the initiative of the studied commune can be considered a pilot solution.




2. Literature Review


2.1. Circular Economy


The beginning of considerations on the circular economy (CE) is related to the essay by the American economist Kenneth E. Boulding, published in 1966, entitled “The Economics of the Coming Spaceship Earth”, in which the author presented a vision of the economy as a circulation system of raw materials limited by environmental conditions, available resources, and possibilities of waste assimilation [20]. However, the concept of circular economy is not precisely defined, and its basic assumptions correspond, among others, with such concepts as “industrial ecology”, “industrial symbiosis”, “ecological economics”, and “clean production” [21]. Nevertheless, currently, the concept of CE “represents a viable option for countries, governments, academia, and society to transform the linear and semi-circular materials and energy flows into circular flows and obtains better sustainable benefits” [22]. Furthermore, according to the Ellen MacArthur Foundation [2], a circular economy is a production system that aims to increase the use of renewable energy, eliminate the use of toxic chemicals that make it difficult to reuse and return to the biosphere of many products, and strives to eliminate waste owing to the excellent design of products, systems, and business models. Thus, the circular economy is expected to be the optimal way to sustainable development [23,24].



The CE concept is based on principles [2] such as “design out waste” (waste does not exist when the biological and technical components (or nutrients) of a product are designed by intention to fit within a biological or technical materials cycle), “build resilience through diversity”, “rely on energy from renewable sources”, “think in ‘systems’ category”, and “waste is food”. The basis of the production processes in the circular economy is an approach to the product life cycle, referred to as “from cradle to cradle” (C2C), constituting an extension of the eco-efficiency approach dominant in the analysis “from cradle to grave”, which covers all stages of the life cycle, from the extraction of materials to the end of life of the products [25]. The goal of the C2C approach is to ensure (or improve) eco-efficiency at all stages of the product life cycle and to ensure that at the end of the product life cycle, the materials from which the product was made can be reused and recycled [26,27,28,29]. What is more, the implementation of the C2C paradigm seeks to reduce the negative impacts, which is a distinguishing feature of other approaches in the organization of production systems based on eco-efficiency, as well as to stimulate and optimize positive impacts [27]. Thus, CE based on the C2C paradigm strives to become a way of decoupling economic growth from resource extraction and natural environment degradation [2,21,30,31], although this assumption is not doubt-free [32]. The above literature review shows that the scientific debate on circular economy focuses mainly on the production sphere, although the assumptions of the C2C concept cannot be implemented without significant consumer involvement [33,34,35,36]. This commitment is more and more often expressed in the postulate of sustainable consumption, which, according to the definition proposed at the Oslo Symposium [37,38], assumes that “the use of services and related products, which respond to basic needs and bring a better quality of life while minimizing the use of natural resources and toxic materials as well as the emissions of waste and pollutants over the life cycle of the service or product so as not to jeopardize the needs of further generations”.



The practical implementation of the assumptions of sustainable consumption (similar to sustainable production) can take various forms [39,40], and one of them is changes in waste management [41,42] aimed at achieving a “zero waste” state [43,44,45]. Furthermore, in the context of sustainable development of cities and municipal waste management, the term “zero waste city” is also used [46].




2.2. Composting as a Method of Waste Management


Composting is one of the two basic and simplest (next to anaerobic digestion) treatment methods of separately collected biowaste [14]. Nowadays, more and more advanced solutions for biomass processing are also being sought, e.g., in various types of biorefineries [47]; however, composting, as probably the only method of waste treatment, can be applied in the household without the need for specialized equipment.



Composting is a safe aerobic process, during which, through the biodegradation of organic mass, a humic substance is formed, as well as by-products such as carbon dioxide, water, and thermal energy, etc., [48,49]. The composting process includes four basic phases: the mesophilic phase of hydrolysis and oxidation of organic matter, the thermophilic phase of decomposition of rapidly biodegradable organic substances, the phase of temperature drop and decomposition of other substances, and the phase of humus production [48,50]. It should be emphasized that the efficient course of the composting process requires good oxygen access; hence, it is crucial to prepare the organic material well and aerate the pile [48]. Composting is usually carried out in open-air windrows or in vessels, and the process works best with a good mixture of easily degradable wet organic materials such as food waste or garden waste [14]. The compost generated in the composting process can be used as fertilizer or soil improver, reducing the need for artificial fertilizers, which consumes energy and generates GHG emission [14,49]. It is indicated that composts have positive effects on the soil structure, contributing to the improvement of yield and reduction in erosion [51,52,53]. The advantages of composts also include [54,55,56] reduction in sanitary hazards related to waste treatment, elimination of unpleasant odors emitted by easily decomposing organic substances (especially in summer), reduction in mass and the volume of waste, reducing the area of landfills or obtaining your own organic fertilizer or soil for flowers. The disadvantages of composting include pathogen detection, low nutrient status, long duration of composting, long mineralization duration, and odor production [49]. Since the decomposition process is aerobic, composting generates greenhouse gases; however, some studies underline that composting as a method of waste treatment is much more sustainable, as compared to landfilling [57,58,59,60].



Home composting is a special category of composting (next to industrial composting) [61]. Home composting “can help recycle residential organic waste while reducing costs, energy consumption, and GHG emission during collection and transportation” [60,62,63,64,65,66]. Some doubts, however, are raised by the impact of home composting on GHG emissions during the process of microbial degradation of waste [13]. Although relatively little research has been conducted on the environmental impact of home composting, according to one study [13], home composting might generate GHG emissions due to microbial degradation of the waste and could generate other environmental contributions, e.g., leachate generation. However, the adopted technological solutions are significant for eliminating the occurrence of these disadvantages [60].



The degree of home composting popularization varies across the countries—the available data [61] indicate that, for instance, in the UK, about 40% of households with a garden reported being active home composters, and in Austria, about 1.5 million tonnes of biowaste were treated by means of home and neighborhood composting in 2009; about 5–10% of the households are home composting in the Netherlands, and about 14% in Sweden (in 2012). Currently, there are no data on the scale of home composting in Poland, although it should be noted that more and more municipalities responsible for waste management, following the example of solutions in other countries [61]), implement incentive systems to popularize this method of waste management.




2.3. Municipal Waste Management in Poland


The amount of municipal waste generated in Poland is, on average, 336 kg/per capita (for comparison, on average in the EU countries, this indicator in 2020 was 502 kg/capita) [67]. This means that nearly 12.8 million tons of municipal waste were generated annually in the country. According to the cited data, in the last 10 years, the level of municipal waste generation increased by slightly over 6%. At the same time, the data of the EEA [14] show that, on average, about 1/3 of generated municipal waste is biowaste, which means that about 110 kg of biowaste is generated per capita. This indicator in Poland has one of the lowest values among all European countries included in the EEA report (on average, it is almost 200 kg per person). It is also worth emphasizing that the average share of biowaste in municipal waste in European countries is slightly higher than in Poland (approximately 38%) [14]. It should be borne in mind that the dissemination of the home composting model leads to a reduction in the share of biowaste in municipal waste requiring management [18]. According to EEA data [14], treatment capacities for biowaste in Poland are just over 50 kg/person. Zaleski and Chawla [68] cite data that indicate, however, that only about 848,000 tonnes of municipal waste are composted, which means only ~22 kg per person. Other estimates [14] indicate that, on average, in 2016, only about 10 kg of biowaste compost was produced in Poland per person. Regardless of the existing discrepancies in the statistics, it can be stated that relatively little biowaste is produced per capita in Poland, but also little waste is managed in a sustainable way by composting or digesting.



Opportunities for the growing importance of composting as a method of biowaste management can be seen in the dynamically growing amount of municipal waste collected in Poland in a selective manner in recent years (Figure 1).



Among the factors driving this process, changes in legislation concerning the waste management system force the popularization of selective methods of waste collection. This is largely due to the implementation of the EU directive The Waste Framework Directive [69]. It regulates the goals and rules of waste management (shaping the waste management policy) in EU countries. The amendment to the directive adopted in 2018 provides the objective of increasing the reuse and recycling of municipal waste to a minimum of 65% in 2035 [70], while in 2018, the rate of municipal waste recycling was, on average, 47% in the EU, and in Poland, at the level of 34.3% [71]; for comparison, in Austria, this indicator is over 80%. Additionally, other EU documents aimed at the practical dissemination of circular economy are factors that lead to the acceleration of changes in the waste management system [10,11,12,35]. As a member of the EU, Poland is obliged to implement EU legal solutions into national law. Thus, increasing the recycling rate has become an important goal of the waste management policy. From 2014, Poland began to intensify efforts to popularize the circular economy, including in the field of municipal waste management [42]. Currently, the key guideline in this respect is the Roadmap “Transformation toward a Circular Economy” [72]. According to these assumptions, as well as the guidelines of the WFD directive, the basis of waste management should be the prevention of their generation, and then “reuse” and “recycle”, which, in the case of bio-waste, includes composting and anaerobic digestion. One of the worst options in the field of municipal waste management is landfilling, which is the dominant method in Poland [68,73]. Both “composting” and “anaerobic digestion” require selective biowaste collection in order to obtain a good-quality base material that enables efficient microbiological processes [18]. Despite the increase in the amount of separately collected waste, including biowaste, a significant part of it (including biowaste) is collected non-selectively, which makes it difficult or impossible to use it as a raw material for compost production. The main barriers to selective waste collection in Poland are “lack of sufficient space for waste segregation at home, lack of appropriate containers in the area of residence, lack of willingness on the part of household members, lack of time, lack of faith that the waste will be re-used, insufficient information on waste sorting, or lack skills” [42]. Considering the existing barriers and challenges faced by Poland in terms of changes in the municipality of waste management, it is necessary to emphasize the justification of all citizens’ actions to support the implementation of the CE in the country [42]. Home composting appears to be one of the simplest options for implementing this postulate; therefore, in this article, we attempted to assess the legitimacy of this action on the example of a typical suburban commune with a large number of single-family houses.




2.4. Attitude toward Home Composting


Ecological (environmental) awareness is considered to be one of the key factors influencing human behavior toward the natural environment [74]. Thus far, the issue of the attitudes of residents toward the possibility of composting waste and the environmental consequences of this process has not been the subject of in-depth scientific research in Poland. Various aspects related to waste segregation and the possibility of its recycling were analyzed [75,76], although this issue was also not a frequent subject of research in the Polish literature on the subject. Nevertheless, for example, Korzeniowska-Ginter et al. [75] showed that the surveyed inhabitants of two Polish regions showed a positive attitude to the segregation of bakery and sugar waste, regardless of sociodemographic features. In some studies, however, attention was drawn to the residents’ little care for the selective collection of biodegradable waste [77]. Other authors also observed that although many respondents showed an attitude in favor of segregating waste, they were not interested in building a comprehensive biowaste management system in their neighborhood [76]. Foreign literature on the subject provides examples [78], which shows that the propensity to compost depends on education, family, income situation, etc. Research by other authors shows that the attitude toward home composting may also depend on, e.g., professional status, income, and ownership of a flat [79]. Research in India has shown that Indian people who rent a flat more often segregate and compost waste and are also more interested in increasing environmental awareness. The results also suggest that those in the higher income group are more concerned about what happens to the waste in the further stages of its transport to the recipient. These individuals would be more inclined to implement segregation if they were convinced that the segregated waste would not be mixed later. Moreover, in the case of composting waste, people belonging to the lower income group would be willing to implement the process in exchange for receiving additional money from selling composts [79]. Similar conclusions were drawn from the research presented by Marcello et al. [80]. They showed that Tuscan citizens would be willing to implement waste composting in exchange for a small financial compensation [80]. Research by Bashir et al. [81] shows that few residents in the district of Kampar (Malaysia) compost food waste (approx. 4%), and over 75% of respondents do not segregate food waste at all. According to the authors, society would be more attentive to composting biodegradable waste if the composting practices were known to them. According to the authors, in order to encourage residents to compost food waste, it is necessary to conduct training for residents to raise environmental awareness in this area. Research by Tucker et al. [82] shows that the most important variables determining participation in home composting programs include having a favorable attitude toward what home composting involves, being knowledgeable about home composting, and the stage of the household in terms of the family life cycle.





3. Case Study Area Description


The commune of Łomianki, located in the immediate vicinity of the capital of Poland, Warsaw, (14 km from the center of Warsaw) (Figure 2), was selected to conduct this research [83]. The commune covers an area of 38.06 km2 and includes the town of Łomianki and nine smaller towns. The total housing stock in the commune of Łomianki is 10,335 properties (apartments in single-family houses and houses) [84]. On average, one property is inhabited by 2.6 people [84]. Proximity to a large city is a key feature of the commune from the point of view of municipal waste management, as it is dominated by single-family houses, and houses with gardens are the main source of biowaste. In 2019, the commune was inhabited by 25,465 residents registered for permanent residence [85]. Local authorities (Municipal Office), as in other towns, are obliged to organize a system of selective waste collection.



The municipal authorities set the rates of fees for collecting waste from residents, from which they must finance the costs of the system’s operation. The more waste the residents generate, the higher the costs of its management and the higher the residents’ fees. According to official statistics, a total of 12,853.1 tons of municipal waste was collected in 2019. The total costs of waste management amounted to EUR 2.63 million. In an effort to reduce the costs of the system, the commune authorities proposed to the residents the “Composter for Everyone” program [86], the aim of which is to eliminate (reduce) the biowaste introduced into the communal management system. Although official data show that biodegradable waste accounts for only slightly more than 1/5 of the total mass of waste collected in the commune, it is a significant component in mixed waste, which generates high costs (experts estimate that on average in Poland, up to 40% of mixed waste can be biowaste). Moreover, until the introduction of the municipal waste selective collection system, a systematic increase in biowaste entering the system was observed in the commune. In the program’s assumptions, residents joining the program receive a composter for free (at the cost of the municipality) but, at the same time, undertake to cease supplying biowaste to the public system. It should be noted that the program was designed to act mainly by using economic incentives. Neither training nor any extension of services for inhabitants was provided in the first years of the program. There are also no precise data on the management of the self-produced composts, but on the basis of information from the local NGO [87] representative, it can be assumed that it is entirely used for fertilizing own gardens, as the commune is characterized by light sandy soils, which requires supplementing organic matter to provide proper growing conditions. The program is implemented in stages, and the effects of its functioning so far do not provide grounds for a full assessment of its legitimacy; hence, ax ante estimation analyses are needed.




4. Materials and Methods


In order to verify the hypotheses, the following research methods were used:



The number of households in the Łomianki commune having conditions for home composting was estimated, and the amount of biodegradable waste produced in them was estimated. The obtained results were compared with statistical data. The amount of waste for composting was estimated on the basis of the number of inhabitants and the area of home gardens estimated using GIS methods. The obtained results were compared with the amount of biowaste disposed of in the commune in the previous years.



Taking into account the amount and distribution of produced biodegradable waste, the number of composters needed for the full implementation of the home composting concept was determined.



The costs and benefits of implementing the home-composting program were determined at various levels of support in the form of lowering the fees for garbage collection and various levels of participation of residents. On this basis, the hypotheses concerning the economic efficiency of the system and the optimal level of reductions in waste disposal were verified. Additionally, the environmental benefits of limiting the transport of bio-waste to the point of disposal were estimated.



Bearing in mind the importance of the residents’ “acceptance” of the idea of home composting, a questionnaire study was conducted to determine the residents’ expectations regarding the idea of home composting and the main barriers to its implementation, which allowed for the verification of 3 hypotheses.



The analysis was based on the information contained in the document “Analysis of the State of Municipal Waste Management in the Łomianki Commune” in 2019 [88]. This report provides information on the amount of collected municipal waste divided into categories such as unsorted (mixed) waste, paper, and cardboard, plastic and metal, and glass (Table 1). Waste segregation into specified categories results from the regulations adopted at the national level [89,90], which constitute the basis for the creation of cleanliness and order regulations by communes. In addition to the above categories of municipal waste collected directly from residents, the document also provides information on the amount of waste collected at a separate waste collection point.



The presented data indicate the amount of biodegradable waste collected in a selective way, but they do not provide information on the content of biodegradable waste (mainly kitchen waste) that is in mixed waste. Therefore, the amount of kitchen waste included in the mixed waste category was estimated based on the number of residents and the unit production of kitchen waste per one person (based on the data from the literature [91]). The estimated amount of kitchen waste corresponded to nearly 50% of the total amount of mixed waste collected by the commune, which is close to the values estimated by other researchers dealing with municipal waste issues [92,93].



The verification of the hypothesis of the profitability of disseminating home composting (which is assumed to be connected with the necessity of equipping residents with composters and increasing the allowances for rubbish fees) in the study required a detailed economic analysis including the determination of potential costs and benefits. The starting point for this analysis was the assessment of the level of generated biowaste. The analysis of the composting potential included only people living in houses with lawns/gardens (7168 buildings with an average population of 2.6 people). It was assumed that for organizational reasons, composting waste in households without a garden is difficult to implement and would not be considered in the study. The number of houses and biologically active surface area were determined using data from the Web Map Service (WMS), which considers services provided by the Main Office of Geodesy and Cartography, as well as data previously collected in the National Geodetic and Cartographic Resource. The calculations were made using the QGIS 3.14 program based on the following services: standard orthophoto map, state register of borders, territorial units, and national integration of land records. It was assumed that there are 7168 properties (households) with gardens in the commune. A sample of 600 representative polygons, distributed evenly across its area (properties may include several surveying plots), were selected from this population of single-family houses. The property boundaries were read from the standard orthophoto map, and then their boundaries were designated by adding a vector layer on the National Integration of Land Records. On this basis, it was calculated that the average biologically active area per household is 765.24 m2. Dividing the total mass of green waste collected in the commune by the area, the average green mass yield per 1 m2 of the biologically active area was assumed. A summary of the adopted assumptions regarding the unit production of biodegradable waste (kitchen and green waste) is presented in Table 2.



The parameters for the unit biowaste production, as well as the area and diversity of plots determined in the above procedure, were used to determine the demand for composters. When estimating the necessary capacity of the composter, it was assumed that the volume of the batch decreases in the first month by 30% of the original volume, in the second by another 15%, and in the third by another 5% [95,96]. It was assumed that the first partial emptying of the composter would occur nine months after the first loading (assuming that the composting process would start at the beginning of the year, it would enable the first part of compost to be used for autumn garden treatments) and would cover 1/3 of the collected load (the literature of the subject indicates that depending on the intensity of aeration, the degree of fragmentation, temperature, humidity, and the C/N ratio, the composting process may take from 3 months to even more than a year [64,97,98,99]). According to specialists [100], continuing or even starting composting during the winter is possible; thus, we assumed that process is ongoing year-round (the process stops only when the materials are completely frozen; however, in large bins, organic matter will probably stay warm enough to avoid freezing, and the bin can also serve as cover). In the analyses, a composter with a capacity of 900 dm3 was adopted as the base unit (which resulted from the solution practiced in the studied commune as part of the pilot project “Composter for Everyone”). Schematically, the conceptual model used to determine the necessary number of composters is shown in Figure 3, while Figure 4 shows the level of filling in the composter in accordance with the adopted assumptions.



In the case presented by us, the quality of home-composting composts was tested. The literature on the subject, however, indicates that self-composting allows for obtaining composts with good parameters (which does not mean that all residents succeed in it). Analyses by Vázquez and Soto [66] on 90 composting bins indicate that operation of composting bins by users was successful, as indicated by a low C/N ratio (10–15), a low number of inappropriate materials (or physically contaminant materials, mean of 0.27 ± 0.44% dry matter), low heavy metal content (94% of samples met required standards for agricultural use) and high nutrient content (2.1% N, 0.6% P, 2.5% K, 0.7% Mg and 3.7% Ca on average, dry matter). To the best of our knowledge, no similar studies have been published in Poland thus far. The literature on the subject on the practical aspects of home composting in Polish conditions shows that mature compost is obtained after 6–12 months [101]. At the same time, it should be borne in mind that composts remaining for too long mineralize and lose humus, hence the adopted scheme for emptying the composter.



The estimation made on this basis shows that the total needs of the commune are 9605 composters, while (with the assumed filling and emptying scheme) 61.6% of households need one composter, 33.5% need two composters, and 1.7% of households need three or more composters. From further analysis, 3.3% of households with the smallest garden area were eliminated, as the amount of biowaste produced was too small. Ultimately, the number of households potentially eligible for the program was 6928 units.



The number of composters estimated on the scale of the commune (taking into account the needs of households) that were necessary to manage the produced biodegradable waste was the basis for determining the economic profitability of the project consisting of equipping the inhabitants with composters by the commune. According to the data obtained from the Commune Office, the cost of purchasing one composter in the pilot phase of the program was at PLN 500 (EUR ~ 110) (with a volume of 900 dm3). The assessment was carried out using the simple payback period and internal rate of return (IRR) and updated cash flow (NPV) analysis assuming the planned useful life of the composter of 10 years. The interest rate on 10-year treasury bonds was adopted as the interest rate for the comparisons (1% per annum plus inflation; assuming inflation at the average level for the last 10 years). In this analysis, the category of investment expenditure was the commune’s expenditure on the purchase of compost bins, while the income category was the commune’s savings in terms of waste management costs reduced by lost contributions from residents (management of 1 t of biodegradable waste costs PLN 658.9; EUR ~ 145)—in exchange for switching to home composting, residents receive a discount as part of the waste management fee in the amount of PLN 2 per month (~0.45 EUR/month). Therefore, the value of net present cash flows can be expressed in the following general formula:


  N P V =  ∑  i = 0   n       ( S − P )   t       ( 1 + i )   t     − 1  








where




	
NPV—net present value;



	
(S−P)t—cash flows in subsequent years calculated as savings in the costs of the waste management system (S) minus discounts in fees collected from residents;



	
I—initial investment inputs related to the purchase of composters;



	
i—alternative investment interest rate;



	
t = 0, 1, 2, …, 10—subsequent years of the calculation period.








One of the factors determining the level of biowaste management costs is the transport of biowaste to a composting plant located about 41.8 km away from the studied commune, which is also a source of GHG emissions. The assessment of the potential GHG reduction was carried out assuming that the transport of 1 ton of waste generates emissions at the level of 184.5 g CO2/tkm (tonne-kilometer) [102].



The economic analysis was supplemented with a survey of residents’ attitudes, the main purpose of which was to identify their tendency to implement composting and resign from donating biowaste to the municipal waste collection system. The research was carried out using the diagnostic survey method on a sample of 100 volunteers living in the houses in the Łomianki commune. The survey was performed in April and May of 2020 using an online form. The survey consisted of 16 questions that were set up to find out whether the respondents use a home composter, what their opinions are regarding the pros and cons of the idea of biowaste composting, what barriers hamper home composting of biowaste, expected level of deduction in waste collecting fee for home composting of biowaste, preferences regarding actions toward nature conservation, and also basic data regarding their education and economic status.



The descriptive statistics of the survey’s results provided arguments for verifying the hypothesis assuming insufficient financial incentive for inhabitants of the town and the hypothesis about the low perception of home-composting benefits among the dwellers.




5. Results


Based on official statistical data [88] and the assumptions mentioned above, it was found that a total of 5388.3 t of biowaste is generated in the commune, of which 46.9% is green waste collected from gardens, the formation of which is characterized by high unevenness related to seasonal changes. The total mass of waste collected by the commune is 12,853.1 t, which means that biodegradable waste constitutes about 42% of the total waste collected in the communal management system. The distribution of biowaste generated in the commune is shown in Figure 5. A high level of the unevenness of generated waste throughout the year is one of the parameters that should be taken into account when determining the minimum needs for the provision of composters for residents.



The management of the abovementioned amount of biowaste in a traditional management system (collection from residents and transport to an external enterprise) is associated with costs and GHG emissions. The distribution of the emission in the year is presented in Figure 6. The total estimated annual costs of biowaste management were PLN 3.55 million (EUR ~ 0.789 mln), while the total costs of collecting all waste amounted to PLN 11.1 million (EUR ~ 2.44 mln) (excluding administrative costs) [88], which means that the share of biowaste in the total costs of the system was at the level of about 32%—therefore, it was proportionally lower than it would appear from the relation of the mass of the collected waste. Emissions associated with the transport of collected waste to a composting plant located more than 40 km from the studied commune amounted to a total of 41.5 thousand kg of CO2e.



Despite the fact that the costs of biowaste management turned out to be slightly lower than the average of the other groups, it should be emphasized only this group can be disposed of by the residents on their own. This would allow the elimination of both the abovementioned CO2 emissions resulting from transport and the costs related to the utilization of biowaste by an external composting company. The total elimination of the costs of collection and processing of biowaste would correspond approximately to 75% of the deficit in the budget of the waste management system (the collected fees for residents in 2019 were over 4.6 million PLN (EUR ~ 1.02 mln) lower than the costs of maintaining the system, which should be self-financing). It should be borne in mind that the transition to the home-composting system would, at the same time, reduce the revenues from contributions for the maintenance of the biowaste collection system. Currently, households that resign from introducing biowaste to the waste collection system can take advantage of a discount of PLN 2 (EUR ~ 0.44) per person (6% of the premium due), which, given the average number of inhabitants per household, means a benefit of PLN 5.2 (EUR ~ 1.22)/month/household. The survey shows that most of the respondents would be willing to switch to home composting at a much higher level of deduction (Figure 7). Only about 12% of respondents would expect a fee reduction of no more than 15%, 46% of respondents would expect a reduction in the range of 16–30%, and 36% would agree to switch to home composting in exchange for a reduction in the range of 31–50%.



Taking into account the above expectations, an assessment of the economic efficiency of the investment consisting in equipping the inhabitants of the studied commune with home composters (900 L capacity) was carried out at four levels of deduction in their contribution to the waste collection system, i.e., 15%, 30%, 50%, and 75% of the base fee level. Table 3 presents detailed data used in the profitability account, while Table 4 presents the results of the investment efficiency analysis.



The accession to the program of all eligible households would mean a one-off expenditure on the purchase of composters at the level of PLN 4.8 mln (EUR ~ 1.06 mln). At the same time, it would mean a decrease in revenues of PLN 432.4 thousand (EUR ~ 96 thousand) to the commune budget annually due to waste fee deduction at the current level (6%) to over PLN 5.35 mln (EUR ~ 1.18 mln) in the event of a 75% waste fee reduction.



On the other hand, such action would allow the elimination of biowaste from nearly 7 thousand households, which would entail the elimination of over 5.1 thousand tons per year of biowaste from the collection system (assuming that all kitchen and green waste from these households would be composted). With the cost of utilization of 1 t of biowaste at the level of PLN 658.7(~146 EUR)/t incurred currently by the commune, this would mean savings at PLN 3.36 mln (EUR ~ 747 thousand). The analysis shows that with the adopted variants, the investment consisting in equipping households with gardens with composters would be profitable in three of the considered variants, i.e., with a premium reduction of 6%, 15%, and 30%. The additional simulation showed that the maximum deduction level ensuring NPV = 0 is 39.13%. A higher level of fee deduction for the waste collection system that some residents would expect would entail negative net cash flows. In the case of a 6% discount (real option), the purchase of composters would be returned in less than two years, and the internal IRR rate would be over 60%.



However, as shown by the survey results, such a level of the deduction of a fee would be acceptable to a small part of the inhabitants. Therefore, achieving a high degree of participation with such a level of deduction would be unlikely. Taking into account that the largest group of people is ready to join the program with fee deduction in the range of 15–30%, it can be assumed that a solution based on applying for a deduction at the level of about 30% would be satisfactory for the majority of residents. At the same time, it can be indicated that the “fair” premium reflecting the share of biowaste management costs in the total costs of the system is 28.6% (PLN 3,550,000/PLN 12,392,000). With the introduction of the 30% fee deduction, the investment consisting in equipping eligible households with composters would pay off within four years (simple payback period), and the internal rate of return would be almost 22% (NPV PLN 5,292,000; EUR ~ 1.18 mln).



An important problem in the presented situation is that over 42% of the surveyed residents would expect a premium reduction of over 30% (including a 6% reduction of over 50% of the current premium). Taking into account the results of the investment profitability analysis and the estimated “fair premium”, it should be stated that such expectations are too high. On the other hand, it is worth noting that over 18% of the surveyed residents declared no interest in implementing home composting, regardless of the potential reduction in the contribution to the waste management system. At the same time, almost 1/3 of the respondents declared participation in the composting program without binding such a decision to a deduction in fee (Table 5).



Among the reasons for the reluctance to join the home-composting program, the most frequently indicated was the lack of space for a composter, the lack of time to deal with composting, a general reluctance to compost, not perceiving the need for composting, and the lack of skills (Figure 8).



The results of the study in the category of reluctance to home composting suggest the need to disseminate knowledge, both about the technology of composting and the benefits of using it. The surveyed respondents highlighted the fact that a particularly important feature of home composting is “producing something useful from waste” (Figure 9). The composting process was perceived as slightly less beneficial regarding “the ability to independently produce valuable fertilizer” and “reducing the consumption of plastic bags that are used to collect biowaste”. Even lower benefits were perceived due to proximity of the composter, “the composter is always at hand”, thus the convenience of biowaste removal from home (kitchen). Only half of the respondents perceived the reduction in GHG emissions that accompany the traditional method of biowaste management (transport to a composting plant) as a significant benefit of home composting. This suggests that the respondents perceive the usefulness of home composting mainly through the prism of individual benefits. Hence, it is important that the support programs are constructed in such a way that achieving individual benefits serve the realization of general and social goals.



The results of the analyses presented above indicate that the investment consisting in equipping the inhabitants with composters may be profitable, although the level of financial incentives (fee deduction) will be of crucial importance. The answers given by the respondents show that with a rationally justified level of fee deduction, only some households would decide to participate in the program, which would significantly differentiate the overall operating costs of the entire waste management system in the commune. Figure 10 presents a simulation of the level of costs of biowaste management depending on the degree of participation of households in the home-composting system. The involvement of 100% of eligible households (according to the adopted assumptions, it was 6928 households) would result in savings of nearly PLN 3.5 million (EUR ~0.78 mln) (it should be borne in mind that some of the smallest facilities were excluded from the analysis; hence, a certain level of costs related to the management of biowaste is incurred by the commune independently of the scale of participation).



When assessing the economic viability of promoting home composting, one should also consider the fact that the elimination (significant limitation) of bio-based harvesting by the commune will reduce the costs but also the value of the fees collected from residents. As indicated earlier, the level of reductions in fees for switching to home composting offered thus far is disproportionately low in relation to the benefits that the commune receives when the average household stops supplying waste to the commune collection system. This means that increasing the level of discounts may lead to a deterioration of the financial results of the entire system. Hypothetical changes in the annual financial results are understood as the difference between the contributions paid at the commune level and the costs of biowaste management—otherwise, they can be seen as the amounts necessary to cover other system costs; these changes for the entire waste management system with different levels of deduction in the fee paid by residents and different levels of participation are shown in Figure 11.



The discussed results are relative, and the figures provided refer to the initial variant, which means zero level of participation and zero levels of discounts (the number of contributions currently collected). Figure 11 shows that with the increase in the scale of participation, the financial result improves, although the dynamics of its growth slightly decrease with the increase in the percentage of participants. In the best-case scenario, from the commune’s management point of view, i.e., with zero fee deduction, the inclusion of 100% of eligible households in the system would increase the pool of funds available in the system by 80%. If the current level of discounts (6%) were maintained, full participation would give annual savings of 70%. Applying the 30% deduction would improve the financial result of the system from 3% (with 10% participation) to 29% (with 100% participation of eligible households). At higher levels of deduction (50 and 75%), the higher the level of participation is, the greater the deterioration of the financial result is. The simulation shows that there is only limited economic justification in increasing the participation rate through financial incentives.




6. Discussion


Striving to popularize sustainable development requires the dissemination of solutions for implementing the circular economy [23,24,27,35]. One of the possible ways is a change in the methods of municipal waste management, including, in particular, the dissemination of composting biodegradable waste, among which is home composting [13,14,19,62,103,104]. Despite the relatively easy technology of producing compost in the household, the popularity of home composting can be assessed as relatively low, although it varies between different countries [14,18,61]. In the case of Poland, there are no data illustrating the scale of the use of home composting; however, the rapidly growing costs of waste management in recent years [17] cause local authorities responsible for municipal waste management to seek alternative methods of bio-based management. Still, the scale of solutions supporting the circular economy in Polish municipal waste management remains small, although some small achievements can be highlighted [42]. One such case was analyzed in the presented research, which studied the situation in which local authorities equip households (with gardens) with composters and offer a reduction in the contribution to the waste collection system. The authors are not aware of any analysis that would assess the economic viability of such solutions, although the literature often emphasizes the economic and environmental benefits of home composting [14,49,51,52,53,60,62,63,64,65,66]. Our analyses confirm the hypothesis that home composting could be a way for municipalities (local communities) to reduce the total costs of waste management and, at the same time, indicate that this solution is part of the dissemination of the circular economy.



The results of research in Łomianki indicate the high economic profitability of the solution, although an important factor determining such a finding is the amount of discount in the contribution paid by residents to the municipal waste management system. Generally, the results obtained by us confirm the view cited in the literature on the economic and environmental legitimacy of home composting [19,60,62,63,64], which results from eliminating the need to transport biowaste. Our simulations show that, depending on the level of discount in fee for residents, the investment consisting in equipping households with composters by local authorities would pay off within a few years, and the maximum level of premium relief should not exceed the limit of about 40%. A higher level of the deduction would mean that the project would not be profitable from the point of view of the commune as an investor, as the reduction in contributions would be too large in relation to the savings achieved. The problem, however, is that a significant proportion of residents expect a higher level of financial incentives. Therefore, it is reasonable to strengthen the activities aimed at making the residents aware of the benefits of home composting and to activate non-financial motivation, especially since the conducted survey shows that the reluctance to use home composting among some residents’ results, among others, from lack of knowledge. Therefore, the popularization of home composting requires consistent activities in the economic dimension and in the dimension of raising the awareness of residents, which is an observation underlined in other studies [63,105].



Examples of various local composting schemes successfully implemented many years ago (in different regions of EU countries such as Spain, France, Ireland, Italy, Portugal, and the UK) show that with the right motivation by the citizens and the involvement of local authorities, the spread of biowaste composting is possible and beneficial for local communities [106]. The solution analyzed by us, which was implemented on a pilot scale in the examined commune, is therefore not completely original. However, most of the solutions implemented in the past were based mainly on a separate collection combined with locally centralized composting [106]. The approach described by us is based on the involvement of the citizens, which could be its weakness. Our survey of residents’ opinions shows that some of them do not consider positive aspects of home composting, which leads to the conclusion that there is a need to increase their motivation. Other authors also mentioned this problem. For example, the analyses by Loan et al. [63] show that the key factors determining participation in the home composting program include the knowledge and attitude of residents toward this practice. Lalitha and Fernando also pointed to the importance of knowledge and awareness in popularizing home composting [105]. At the same time, the aforementioned studies indicate the correctness of our assumption that only households with gardens are included in the analyses, as it shows that this fact is crucial for the involvement of residents in home composting.



It should also be emphasized the environmental benefits of home composting, which are direct consequences of savings in energy consumption, result from the elimination of transport to a composting plant. Our analyses show that the reduction in CO2 emissions in the studied commune would amount to 41.5 thousand tons of CO2. Therefore, regardless of certain hazards related to the emission of GHG (or other substances) during the process of microbial degradation of the waste [13], one should bear in mind the direct benefits related to energy savings (reduction in transportation), as indicated by many researchers [19,60,62,63,64]. Our analyses indicate that the dissemination of home composting may be a valuable alternative to centralized systems, which was also pointed out in the studies of other authors [62,107,108].




7. Policy Implication


The analyses carried out by us on the example of a selected commune indicate the need and the possibility of making changes to the current model of biodegradable waste management in Polish communes. However, popularizing home composting requires active support from the local authorities, which has already been postulated in other countries [109]. Such support should have both a financial dimension and a non-financial dimension related to increasing the environmental awareness of the inhabitants.



It is recommended that the assumptions of the “Composter for Everyone” program include that the number and capacity of composters handed over to the household should be strictly dependent on its needs. The main factors influencing the amount of biodegradable waste generated in a household are the number of household members and the plot area. Failure to do so can lead to problems with insufficient efficiency of the composting process in relation to the amount of waste generated (insufficient capacity or number of composters) or to unnecessarily taking up space with a too large composter.



The aforementioned problems may be the cause of the reluctance of the inhabitants and, consequently, the reduction in the effectiveness of the program. In the long run, the investment consisting in equipping the inhabitants with composters will be profitable both for the entire commune (reducing the burden on the waste management system) and for individual residents of the commune (lower waste fees and obtaining additional fertilizers). It would also make the local community more sensitive to environmental problems.




8. Conclusions


Our research was based on the case study of Poland and showed that home composting can be an effective way to reduce the costs of the public waste collection system. The analyses showed that the currently offered discounts in fees for waste collection (6%) for home composting of biowaste are too low to encourage participation in the home-composting system. The survey shows that over 80% of respondents expect a reduction higher than 15% of the fee, including over 40% of respondents that would expect a relief above 30% of the fee. Our estimates, including the net preset value calculation, show that applying a collecting fee discount of about 30% and covering costs of equipping residents with composters at the same time would still be profitable from the point of view of the commune’s budget—reduction in collected revenues from fees would be smaller than the reduction in waste management costs. This confirms the hypothesis that the dissemination of home composting is beneficial for the commune for financial reasons. The levels of reductions in fees for waste collection (resulting from national regulations) proposed by the commune thus far can therefore be considered not entirely fair (the benefits of the commune are greater than the level of concessions for participants—the level of discounts at which the NPV approaches the level of zero is about 30%). On the other hand, people who undertake composting gain additional benefits from the fertilizers they normally would potentially buy. However, taking into account the expectations of a much higher level of fee reduction by some respondents, it should be assumed that it would be difficult to create a system in which all eligible persons would join the home-composting program. Such a conclusion is reinforced by the results of the survey showing that only 1/3 of respondents declared their willingness to join or continue participation in home composting. This observation suggests the need to educate residents about both the economic and environmental benefits of biowaste composting. The dissemination of home composting allows the limitation of, among others, GHG emissions, which was one of the benefits that relatively few respondents were convinced of. Increasing the awareness of citizens in this regard is particularly important in promoting the pursuit of the circular economy model, which is one of the ways to reduce the consumption of environmental resources and activities consistent with the idea of sustainable development. Home composting, by enabling a partially closed circulation of resources within the household, is one of the simplest forms of fulfilling the assumptions of circular economy, as waste is converted into fertilizer, which might be used in home gardens. Although the chosen commune is certainly not representative of the whole society, the results show significant potential in the concept of home composting. The study reveals the need for further research toward developing an optimal model of biowaste management tailored to the needs of local communities.



Although the above-formulated conclusions lead to a generally positive assessment of the tested system from the economic and environmental point of view, it is necessary to pay attention to certain risk factors that may be particularly important when extending this solution to the entire country. It can be assumed that the popularization of the program on a national scale would increase the demand for composters and would significantly exceed the current supply. This would make it impossible to implement the program in some municipalities and probably would increase the prices of composters, reducing the economic benefits of home composting. A certain risk is also associated with environmental effects. Although self-composting leads to a reduction in GHG emissions due to the elimination of transport, technological errors in the composting process may result in unnecessary substances entering the natural environment. However, due to the small scale of the activity, this threat seems to be not significant. A more serious risk seems to appear in the social sphere and is related to the inhabitants’ attitudes. Some of them may be characterized by a “moral hazard,” i.e., that biodegradable waste should be placed in the bin devoted to the “mixed” category of wastes. Thus, in fact, they would remain in the system of collecting biowaste despite paying a lower premium. Therefore, it seems reasonable to conduct extensive educational activities in addition to implementing an appropriate control system.
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Figure 1. Biowaste collected in Poland separately. Source: CSO, waste collected separately during the year in Poland. 
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Figure 2. Localization of Łomianki Commune—the case study area. 
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Figure 3. Schematic process of filling and emptying the composter with kitchen and garden (green) waste. 
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Figure 4. Changes in filling the composter. 
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Figure 5. The amount of biowaste generated in the studied commune, broken down into green and kitchen waste. Source: own study base on Municipal Office data. 
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Figure 6. Monthly costs of managing biowaste and the level of GHG emissions related to its transport to the composting plant. 
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Figure 7. The amount of biowaste generated in the studied commune, divided into green and kitchen waste. Source: own study base on the survey. 






Figure 7. The amount of biowaste generated in the studied commune, divided into green and kitchen waste. Source: own study base on the survey.



[image: Energies 14 06164 g007]







[image: Energies 14 06164 g008 550] 





Figure 8. Declared reasons for reluctance to home composting among the inhabitants of the studied commune. Source: own study base on the survey. 
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Figure 9. Assessment of the basic benefits of home composting by the surveyed respondents. Source: own study base on the survey. 
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Figure 10. Changes in the level of biowaste management costs at the commune level depending on the degree of participation of households in the home-composting system. Source: own study. 
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Figure 11. Changes in the financial performance of the municipal waste collection system depending on the level of participation and deduction in the biowaste fee. Source: own study. 
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Table 1. Categories and amount of waste collected in the commune of Łomianki.
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	Categories of Waste
	Amount (tons)





	Unsorted (mixed) municipal waste
	5949.5



	Mixed packaging waste
	1529.46



	Glass packaging
	286.02



	Paper and cardboard packaging
	155.96



	Green waste
	2305.87







Source: [88].
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Table 2. Assumptions made regarding the unit production of biodegradable waste, taking into account the differentiation during the year.






Table 2. Assumptions made regarding the unit production of biodegradable waste, taking into account the differentiation during the year.





	
Months

	
Kitchen Waste

	
Green Waste




	
kg per Person

	
dm3/Person 1

	
kg per sq.m 1

	
dm3/sq.m






	
January

	
8.9

	
12,7

	
0.00

	
0.00




	
February

	
6.8

	
9.7

	
0.00

	
0.00




	
March

	
11.2

	
16.0

	
0.00

	
0.00




	
April

	
11.5

	
16.5

	
0.00

	
0.00




	
May

	
12.0

	
17.1

	
0.10

	
1.74




	
June

	
13.5

	
19.3

	
0.11

	
1.96




	
July

	
14.6

	
20.8

	
0.07

	
1.31




	
August

	
17.5

	
25.0

	
0.07

	
1.31




	
September

	
19.5

	
27.9

	
0.06

	
1.09




	
October

	
13.1

	
18.7

	
0.04

	
0.65




	
November

	
11.5

	
16.5

	
0.00

	
0.00




	
December

	
13.5

	
19.3

	
0.00

	
0.00




	
Total

	
153.6

	
219.4

	
0.460

	
8.1








1 Assuming that the bulk density of kitchen waste is 0.7 kg/dm3 and that of green waste is 0.3 kg/dm3. Source: own study based on [91,94].
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Table 3. Parameters and assumptions used in the profitability account of investments in home composting (equipping residents with composters).
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Discount in the Residents’ Contribution to the Waste Management System




	
6%

(Current)

	
15%

	
30%

	
50%

	
75%






	
Standard annual premium (fee) PLN/person

	
396

	
396

	
396

	
396

	
396




	
Reduced premium (fee) PLN/person

	
372

	
336.6

	
277.2

	
198

	
99




	
Number of people included (2.6 × 6929 households)

	
18,015.6

	
18,015.6

	
18,015.6

	
18,015.6

	
18,015.6




	
Due contribution (fee) 100% at the commune level [thousands PLN]

	
7134.2

	
7134.2

	
7134.2

	
7134.2

	
7134.2




	
Deduction at the commune level—lost revenues (commune cost) [thousands PLN]

	
432.4

	
1070.1

	
2140.3

	
3567.1

	
5350.6




	
Estimated reduction in system costs at the commune level (fees paid by the commune for biowaste treatment) [thousands PLN]

	
3363.3

	
3363.3

	
3363.3

	
3363.3

	
3363.3




	
One-off expenditure of the commune for the purchase of composters (PLN 500 × 6929 households) [thousands PLN]

	
4802.6

	
4802.6

	
4802.6

	
4802.6

	
4802.6








Source: own study base on Municipal Office and statistical data.
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Table 4. The results of the investment profitability account for five variants of the level of deduction in the contribution paid by residents.
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Discount in the Residents’ Contribution to the Waste Management System




	
6%

	
15%

	
30%

	
50%

	
75%






	
Simple return period [years]

	
1.6

	
2.1

	
3.9

	
never

	
never




	
IRR 1 [%]

	
60.49

	
46.72

	
21.97

	
-

	
-




	
NPV 2 [thousands PLN]

	
19,172.0

	
13,988.8

	
5291.7

	
−6304.6

	
−20,799.8








1 International return rate, 2 net present value. Source: own study.
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Table 5. The results of the investment profitability account for five variants of the level of deduction in the fee paid by residents.
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	Definitely YES
	YES, but Expects a Larger Discount on the Waste Collection Fee
	NOT Interested at All





	Share of respondents declaring their willingness to join or continue participation in home composting
	32.4%
	49.0%
	18.6%







Source: own study base on the survey.
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