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Abstract

:

Starting from identifying an upward trend in waste disposal costs at the municipal landfill, the research aims to analyze the viability of investment to integrate a compost platform, which transforms the sludge resulting from the biogas production process into a soil improver for agricultural land. The economic entity analyzed activates agri-food and uses a biogas plant as a management tool for the waste from slaughtering chickens, to obtain biogas, heat, and electricity. The study is carried out through the multi-criteria analysis based on the following variants: The operation of the biogas plant with sludge disposal as waste (V1), the operation with recovery of waste as soil improver (V2), the closure of the biogas plant (V3). The economic effects regarding the greening and capitalization of the sludge waste are quantified from a monetary point of view and based on the analysis the optimal variant, V2, is established. It has been proven that the investment generates: Positive results increased by 70.52%, a positive and upward opportunity cost by 37.96%, and marginal profit growth of 53.17%. The study emphasizes that efficient waste management turns an environmental problem and cost into an economic and ecological advantage for the economic entities.
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1. Introduction


Accelerating climate change, exhaustion of natural resources, increasing waste, and carbon emissions are subjects widely debated by researchers [1,2,3], which emphasizes the need to implement sustainable development practices in economic entity activities to ensure their long-term sustainable development protecting the environment and, at the same time, ensuring economic development without affecting the evolution of future generations [4,5]. At European Union level, there is a focus on the transition to a zero greenhouse gas economy that will radically transform the energy system, the land usage, and agricultural sector, industry, transport systems, and cities, changing more and more all the activities of society [6,7,8,9]. This transition implies [10,11,12,13]: (i) The evolution of the energy system based on a secure and sustainable energy supply and on the integration of the electricity and gas supply systems and markets, district heating or cooling, as well as mobility, by using smart grids that place citizens in a central position, (ii) acceleration of technological innovations in the energy, construction, transport, industry, and agriculture sectors, (iii) progress in the areas of digitization, information, and communication technologies, artificial intelligence and biotechnology. The depletion of conventional energy resources requires the obtaining of energy from renewable resources which determines the opportunity of using waste as a raw material to support economic activities, such as methanogenesis processes with the production of biogas (bioenergy) and digestate fertilizer in the case of organic waste [14,15,16]. At the same time, biogas production is the main topic for numerous scientific studies that deal with the subject from an economic and technical point of view. From the economic point of view, the biogas production was analyzed by the researchers as follows: Franchetti [17] compared different types of technological configurations of anaerobic digestion, from an economic and energy point of view. Lin et al. [18] highlighted the economics of solid–state anaerobic digestion and evaluated the composting finding both economically feasible. Yashiazaki et al. [19] evaluated the economic viability of integrated technology of biogas energy and compost production for palm oil mill management. In their studies, Yiridoe et al. [20], Wresta et al. [21] and Klavon et al. [22] found that farms are interested in investing in the necessary technology for biogas production due to significant cost reductions with electricity, waste management, as well as for the recovery of the by-product of anaerobic digestion, namely compost. Gebrezgabher et al. [23] carried out a scenario analysis, based on a linear programming model to identify feedstocks that optimize electricity production and to determine the optimal application of digestate. Akbulut [24] performed a techno-economic analysis of electricity and heat generation from farm-scale biogas plant showing that the biogas produced in a CHP unit is more profitable than the utilization of biogas in a combustion unit that produces only heat. Aui et al. [25] performed a techno-economic analysis and life cycle of a farm-scale anaerobic digestion plant. Singh and Sooch [26] made an economic comparative study for different models of biogas plants.



From the technical studies, biogas production through the anaerobic digestion process reduces the emissions of methane (CH4) and nitrous oxide (N2O) resulting from biomass storage [27,28,29,30,31,32], thus, the greenhouse effect potential of methane is 21 times higher and nitrogen oxide 296 times higher compared to carbon dioxide [33,34,35,36]. Following the anaerobic fermentation of the biogas production process, biogas and a residue, called digestate, result [37]. The elimination of waste and sludge from biogas plants presupposes the proper management of these, both in terms of costs and environmental effects, by identifying alternative solutions for transforming the soil into soil fertilizer [38,39,40]. Numerous authors have used sludge as a starting material for the production of compost and indicated that composting is a technique that converts sludge into a useful product which can generate many opportunities and cost reductions for agri-food entities [41,42,43,44,45,46]. The scale of waste management processes suggests the idea of using, recycling, and composting [47,48,49,50,51,52]. It is obvious that the recovery of waste at the present stage is much more important than its liquidation by destruction or storage in landfills. According to Andreadakis et al. [53] and Chen et al. [54], the sludge can be used in agriculture without other treatments, but it depends on the raw material used and a composting treatment that is beneficial for stabilizing the sludge. Thus, the sludge can be considered as a by-product and not waste if it is to be used as a raw material in agriculture as a soil improviser [55,56,57]. If it cannot be used directly, it must be subjected to special thermal treatments (subjected to temperatures above 60 °C). Research has shown that this compost can bring essential nutrients to the soil, increase the soil’s ability to retain water and stir the soil, accelerate root growth and seed germination, making it an ideal breeder for poor soils [58,59,60].



In Romania, an increase in biogas production is registered in the context of renewable energy legislation [61,62]. Attention to such business is also directed to sludge from methanogenic fermentation for the improvement of poor soils. Restrictions of environmental bodies related to waste management require such waste to be harvested by composting in useful products, such as soil improvers [59,60]. The fermentation sludge contains 3.00–6.00% dry matter and encompasses all the inorganic/organic substance palette of substrates that have entered fermentation. In order to be used as soil improvers, fermentation sludge must meet certain requirements laid down in Romanian [63] and European Union legislation, which mainly relate to the chemical composition of the sludge.



The purpose of the research is to analyze the economic effects of transforming the sludge from the production of biogas into soil improvers for agricultural land, starting from the following hypothesis:



Hypothesis 1.

The correct management of sludge waste from the biogas plant can transform an environmental problem and, implicitly, cost, in an economic advantage and can bring ecological and economic benefits in line with the principles of sustainable development.





In order to verify the hypothesis, the study is conducted at an agri-food economic entity that uses a biogas plant as a waste management tool from slaughterhouses to obtain electricity and heat. In the present case, the identified problem consists of the treatment of the waste/sludge resulting from the biogas process, which can be removed at the municipal landfill or can be transformed into soil fertilizer. In order to analyse the economic effects on the greening and recovery of the sludge waste, resulting from biogas production, three possible scenarios for the economic parameters, considered for choosing the optimal variant for the greening and recovery of the sludge waste, resulting from the biogas production activity will be taken into account: The current variant of operation for the biogas plant with discharged sludge as waste (V1), the operating variant of the biogas plant with waste recovery as a soil improver (V2), the closure of the biogas plant variant (V3).




2. Materials and Methods


2.1. Materials


According to the existing technology within the economic entity, digestate is subjected to a separation operation by centrifugation of the solid fraction of the aqueous fraction, resulting in: Fermentation sludge (Total solids (TS): 20.00–27.00%; Total organic matter (VS): 14.00–18.00%; salts (ashes): 6.00–10.00%; ammoniacal nitrogen: 7000.00–9000.00 mg/L (average of about 8,000.00 mg/L)), clear digestate in an amount of about 150–200 m3/day (TS: 0.60–3.00%; VS: 0.40–2.00%; salts (ashes): 0.20–1.00%; ammoniacal nitrogen: 6000–8000 mg/L (average of about 8000 mg/L)). The biogas plant of the economic entity from the digestate separating phase produces around 14–20 tons of fermentation sludge per day, with the following composition: TS: 20.00–27.00%; total volatile substances (organic substance): 65.00–70.00% of TS; ashes: 30–35 vs. TS; total nitrogen: less than 2.00%; ammoniacal nitrogen: less than 0.80%; phosphorus, potassium, calcium, magnesium, etc. This sludge is collected in a special dump for final transport and storage on a specially designed platform (Figure 1).



The compost platform is a mini plant for the recovery of organic waste in the form of material for gardening, agricultural use, and re-cultivation. During the controlled microbial degradation process decomposition and biological stabilization are performed [64,65,66]. The aeration of the material is carried out by means of compost return measures [66]. Composting represents the totality of the microbial, biochemical, chemical, and physical transformations that the fermentation sludge suffers from in its initial state until it reaches different humification stages, and the resulting product is known as compost [67,68]. The compost is the product obtained by aerobic, thermophilic, decomposition and microbial synthesis of organic substances in waste products containing 25.00% of relatively stable humus, predominantly of microbial biomass, which is subject to slight decomposition, being sufficiently stable not to reheat or cause problems of smell or insect propagation [69,70]. The sludge composting process is enhanced by conical pile seeding. The temperature inside the compost layer gradually increases, which ensures a high rate of decomposition. This is the “thermophilic” or “hot decomposition” stage. The process should last for at least 10 days at a temperature of 55 °C, followed by the mesophilic stage lasting approximately six weeks at a temperature of 45 °C and 55 °C [71]. During the decomposition process, there is a weight loss and volume caused by the decomposition of the organic compounds in CO2 and H2O. The oxygen intake in the fermentation mass is ensured by the frequent return of the compost layer with the help of a special mechanism. The humidity of the reaction mass must be controlled during the process and this is done by irrigation with the return operation [72,73]. If by precipitation or other causes the water content increases significantly, part of it can be removed in a contaminated water collector from where it is again used for subsequent humidification. At the end of the stage, the compost needs to be transferred to the maturing area and laid again in layers. The biological process for the generation of humid substances continues, but at a much lower rate and the emissions are reduced to a minimum [74]. The final stabilization of the compost is achieved when the compost temperature is kept constant below 30 °C. The total duration of a composting cycle for sludge at the biogas plant is at least six months under ideal conditions [71,72,73,74]. The formation of compost is influenced by the following factors [67,75]: (i) Water—the lack of water blocks the activity of the microorganisms and the decomposition process. Excess of water makes that microorganisms get insufficient air, (ii) air—insufficient ventilation causes the multiplication of microorganisms that prefer humid places and with them, unpleasant odors appear, (iii) heat—the decomposition activity of the microorganisms is maximal when, in addition to sufficient air and water, compost has an optimal temperature for decomposition processes. The composting temperature of 40–60 °C would be ideal, as it is possible to naturally compost and clean unwanted germs, (iv) nutrients—the more varied are the scraps, the more valuable the compost will be.



The sludge composting process takes place in three phases: Phase 1—mesophilic fermentation stage (characterized by the growth of bacteria at temperatures between 25 and 40 °C), phase 2—thermophilic stage (in which bacteria and fungi are present at a temperature of 50–60 °C, the upper limit of the thermophilic stage is 70 °C and it is necessary to keep the raised temperature for at least one day to ensure pathogen destruction and contaminants); phase 3—maturation stage (temperature stabilizes and completes some fermentative processes, the degraded material turns into humus by condensation and polymerization reactions, the final material is stable and can be appreciated by the C/N ratio). If the flow of air in the biodegradation mass even for only a few minutes, anaerobic microbial activity becomes significant [67,74,75]. As a result, odors generated by alcohols and rapidly formed volatile organic acids appear to lower the pH of the system. Restoring aerobic conditions through aeration and porosity for composting can take two to six days. The microbial organisms required for composting appear naturally. At the level of the analyzed economic entity, a test was performed for the transformation of a quantity of sludge into soil improver by composting, resulting in a product (soil improver) that has the following physical-chemical characteristics (Table 1). Since the characteristics obtained exceed the values required by the legislation [69] (for total organic nitrogen (TKN) and phosphor (P2O5)), it is recommended to use correction materials (wheat straw, wood sawdust, sand, etc.).



Suitable compost is considered to have the following characteristics [65,68]: It is a homogeneous dark brown or black product, the smell is of soil without any unpleasant smell, the particle size is less than 1.20 mm, it is a stable product that can be stored for a reasonable amount of time without losing its nutritional characteristics, does not contain viable weed seeds, does not contain phytotoxins or visible contaminants, it has a pH between 6.00 and 8.00. The compost is ready for use if the compost mass stabilizes near ambient and the oxygen concentration in the middle of the pile remains above 5.00% for several consecutive days.




2.2. Methods


In order to achieve the proposed objective, the research method chosen is multi-criteria analysis (AMC). This method is often proposed as an alternative to cost–benefit analysis (CBA) as it addresses a wider range of project impacts, responds more directly to the concerns of decision-makers, and is open to alternative assessments of weights related to various impacts [76]. The main concepts used by AMC are: Variants, criteria, performance matrices, scores, weightings, and standardization methods, followed by choosing the optimal variation. Variants represent the way the goals are met, the best option being the one that closes most to achieving the goals. In the study, they are identified by: The current version of the biogas sludge disposal plant (V1), the operating variant of the biogas plant with waste recovery as a soil improver (V2), biogas plant closure variant (V3). Criteria should be: Able to distinguish between “significant” alternatives and also could support the comparison of performance-related variants; complete, to include all purposes; operational; non-redundant; few in number. The criterion system used was to highlight both quantitative elements such as operating result (OR), gross result (GR), cash flow (CF), as well as qualitative elements, i.e., environmental impact (EI), corporate social responsibility (CSR). Depending on the nature of the criteria, they are considered to be of maximum or minimum importance. The standard tool for AMC is the performance matrix. Each row in this matrix describes a variant and each column describes the performance of the variants according to each criterion. The AMC will be performed for the three proposed variants (V1, V2, and V3) based on the matrix in Table 2. For the two qualitative criteria, scores are given: 0 for minimum impact, 5 for medium impact, and 10 for maximum impact, while taking into account the objective of the maximization/minimization criterion.



The degrees of importance established for the five identified criteria will be considered as having the following values: W1 = 0.16, W2 = 0.06, W3 = 0.22, W4 = 0.31, W5 = 0.25 and proceed to the performance matrix according to Table 3.



In order to determine the analysis criteria, it is necessary to identify the constituents and use the following formulas:


  OR =  (  I − E  )  − A  



(1)




where: I = income (categories included in the income: The quantity of waste (slaughtering residues) from the third-party slaughterhouse sold, the quantity of soil improviser for sale, the quantity of electricity produced, the quantity of thermal energy produced, the green certificates obtained), E = expenses (categories included in expenditures: amount of sludge disposed of as waste, green certificates for self-consumption, wages, operating costs, auxiliary materials, packaging costs, biogas, ferrous sulphate treatment (water treatment), and A = amortization.


   GR = OR − Fc   



(2)




where, Fc = financing costs


   CF = OR + A − Fc   



(3)







The V1 variant analyzed consists of the disposal of the biogas manufacturing waste by depositing it at the landfill site, which is performed at certain disposal costs. Thus, the calculation formula for the total cost of sludge disposal as waste is:


   T wdc  =  A we  ×  C dw   



(4)




where, Twdc = Total waste disposal cost [EUR]; Awe = Amount of waste eliminated from the biogas process [ton]; Cdw = Cost of disposal of waste [EUR/ton].



The standardization of the performance matrix (the determination of relative magnitude, rij), the process by which the values of the criteria expressed in different units of measurement are transformed into a common scale, is achieved by the linear method of using the scales, which takes into account the type of criteria (maximization, and then, minimization). Thus, for the C1, C2, C3, and C5 criteria, the calculation Formula (5) will be used, and for C4 the calculation Formula (6):


   r ij  =    V ij     V j max    ,    V j max  =  max i   {   V ij   }   



(5)






   r ij  = 1 −    V ij     V j max    =    V j max  −  V ij     V j max     



(6)







Continuing the analysis, we shall determine the concordance indices, and then those of discordance. The concordance index c(Vi, Vj) for each pair of ordered variants (Vi, Vj) is calculated according to the formula:


  c  (   V i  ,  V j   )  =  1   ∑  k = 1  n   W k      ∑   {  k :  r k     (   V i   )  ≥  r k    (  V j  )  }      W k   



(7)




where the sum of the weightings of the criteria in the numerator is taken only for the criteria whose values Vi dominate the values Vj.



For the calculation of the discordance index d(Vi, Vj), the following formula is used:


   {      0   if    r k     (   V i   )  ≥  r k    (  V j  )   for   all   k ,        1 δ  max  {   r k     (   V i   )  −  r k    (  V j  )  }  ,   otherwise .       ,   where   δ = max  {   r k     (   V i   )  −  r k    (  V j  )  }   



(8)







In order to combine the two sets of indices for all the variants considered, a concordance threshold c* and a discordance threshold d*, for which c* + d* = 1, is defined.



Once the two indices are known, an offset relationship S is defined by the formula:


   V i   SV j    if   and   only   if  {      c  (   V i  ,    V j   )  ≥  c *  ,       d  (   V i  ,    V j   )  ≥  d *  .        



(9)




where c* and d* are thresholds set by the decision-maker. Thus, a variant Vi is considered optimal if and only if it outperforms the other variants.





3. Results


In V1, the costs of waste disposed of from the biogas production process, starting from the amount of monthly waste disposed from the biogas production process, based on the elimination rates, the total monthly waste disposal costs are in the January interval 2016–December 2018, according to Table 4.



The fees charged for waste disposal consist of fees for the landfill and the landfill tax. According to Law 384/2013 on the approval of the Government Emergency Ordinance (GEO) 31/2013 for the amendment and completion of GEO 196/2005 on the Environment Fund, from 1 January 2017 comes into force, the fee for landfill waste disposal, amounting to 32.89 EUR/ton, which is rather a penalty to reduce the waste stored. This is the reason for the tariff increase in the period of January–June 2017. Emergency Ordinance 48/2017, which amends and supplements the GEO 196/2005 on the Environment Fund, suspends the application of toll taxation to waste until 1 January 2019. By this forced measure, after only a few months of normality, storage in the waste dump is no longer penalized, by 2019 by 34.88 EUR/ton and by 2020 by 43.78 EUR/ton. In V1, the cost of waste disposal in the period 2016–2018 is calculated in Table 4, respectively 2019–2020, the estimate is provided in Table 5. Both in terms of costs and environmental effects generated by storage of the waste from the technological flow of biogas production, the economic entity sought alternative solutions for the disposal of sludge waste. Sludges from biogas plants using organic waste from the slaughtering of chicken as raw material can be considered a by-product by using them as soil improvers for agricultural land. Thus, the waste problem can turn into a source of income from which to cover expenses, transforming certain cost into a new opportunity for gain.



In order to be considered a by-product, the resulting waste must meet certain conditions, comply with certain parameters stipulated in the European legislation, transposed into the Romanian one. Thus, sludge can bring profit to investors, while contributing to the sustainable development of both the economic entity and the area. Thus, economic, ecological, and social valences are shaped by gaining benefits such as: Eliminating waste (fermentation sludge) for final disposal, the use of fermentation sludge as a secondary raw material, providing farmers with products to improve soil quality, obtaining economic benefits by marketing the soil breeder. Thus, we can outline the operation of the biogas plant with waste recovery as a soil improvement agent (V2). In V2, given that from 2019 to 2020 the tax increases according to the legislation in force, based on the information for the period previously analyzed, it will be possible to forecast the total costs of brewery production based on the determinations in Table 6. V2 implies the necessity of an investment for the amelioration platform, worth EUR 1,000,000.00, with an investment recovery period estimated at 10 years and a yield of about 80.00% improvement on a tonne of waste processed. The estimated price of the ameliorator per tonne is EUR 100.00.



The analyzed V3 option involves the closure of the biogas plant, which will generate higher electricity and thermal energy costs, operational waste disposal costs that will no longer be taken over by the biogas plant. This variation has been highlighted in the present analysis precisely to emphasize from an economic point of view the profitability of the biogas plant attached to the agri-food economic entity as a tool for the management of waste from slaughter. It is worth mentioning that operational costs remain in case of stopping the biogas plant as they are made up of long-term service contracts that cannot be cancelled.



The calculations for the financial indicators required by this analysis for the three variants are presented in Table 7, based on the projected technical data for 2019. Continued research with the application of the AMC methodology presented in point 2.2. generated the results presented in Table 8, Table 9, Table 10 and Table 11.



According to AMC carried out, version V2 surpasses variants V1 and V3, and variant V1 surpasses version V3, for all established thresholds. By this method, we can state that the optimal variant is V2, which presupposes the operation of the biogas plant with waste recovery as soil improvement, so the management of the entity considers viable the realization of the investment necessary for the implementation of this variant.



At the same time, the estimation of the investment recovery for the implementation of V2, taking into account that it will have a service life of 15 years, and full amortization in 10 years is presented in Table 12. The opportunity cost is the cost the entity would have to bear for the disposal of waste as sludge, and the marginal result is the result adjusted with the cost savings to remove sludge as waste. According to the analysis, it can be noticed that between five and six years from the commissioning of the equipment, the investment will be fully recovered.




4. Discussion


The research deals with aspects regarding the greening and recovery of sludge waste from the biogas production activity. Trends in the evolution of waste disposal costs are highlighted, which, on the basis of current legislation, leads us to the conclusion that, in the coming period, they will have an upward trend in line with the Europe 2050 strategy. Thus, by restricting legislation, economic entities are encouraged to identify alternative solutions to counteract these costs and to transcend them to sustainable waste management. In the case of an economic entity active in the agri-food sector, the use of biogas as a tool for the management of waste from chickens for the production of electricity and heat is a viable way to manage the slaughterhouse waste. However, the biogas plant also produces waste which, through disposal at the municipal landfill, generates additional costs.



The wastes from the biogas plant resulting from the anaerobic digestion of organic waste have significant potential to be used as soil fertilizer [77,78,79]. At the same time, these need additional treatment (composting) to increase its applicability as fertilizer in agriculture. As a result of the composting treatment, the viscosity and odors of the residue are reduced, as well as its phytotoxicity [80,81,82]. According to studies, the sludge, that can be used in agriculture as liquids (this type of sludge being the best for agriculture), semi-dry or dry, has superior qualities compared to chemical fertilizers and are superior to aerated fermented manure [48,82,83,84,85,86,87]. On the other hand, the sludge from biogas plants has a pesticidal effect, but according to several authors [87,88,89,90], no harmful effects common for chemical products, bringing more microorganisms (bacteria and fungi) into the soil and not endangering human health when they are recycled to farmland [45]. The use of compost in agriculture causes a reduction of soil erosion, makes it easier to plow, improves nutrient retention and increases water retention capacity. At the same time, the soil gains a higher resistance to compaction and crust, allowing a better growth of the roots of the crops, leading to an increase in the yield of the crops [77].



The implementation of a complete waste management system (the integration of a biogas plant for waste disposal in the slaughtering process and the attachment of a composting platform for waste resulting from the biogas plant) within the entities active in the agro-food industry contributes to: From an economic point of view, it transformed cost (cost for disposal of eliminated waste) into a source of profit for the entity (obtaining a product—soil fertilizer), from a social point of view, attaching a composting platform as well as a soil fertilizer packing line will generate new jobs, from the environmental point of view, it is possible to efficiently recycle the waste and turn it into a new product with physico-chemical properties and useful for agriculture. Thus, it can be stated that the analyzed entity represents a business model in accordance with the requirements of the circular economy and by observing the principles of sustainable development. The novelty of the research consists of the economic and environmental analysis of the effects on the greening and recovery of the sludge waste resulting from the biogas production activity that closes the waste management loop according to the principles of the circular economy (design out waste and pollution; keep products and materials in use, regenerate natural systems) [91].



Considering that the research carried out was based only on the management of the waste resulting from the process of slaughtering the chicken meat, by treating it in the biogas station, as well as the waste resulting from the process of obtaining the biogas for its transformation into soil fertilizer, we propose as future research perspectives, the identification and implementation of an efficient waste management resulting from the packaging of chicken meat production (such as plastic, cardboard, metal, and wood).




5. Conclusions


The study has made it possible to identify three possible variants that have been analyzed using AMC decision systems and the financial accounting system (current version of the biogas plant with waste disposal (V1), recovery of waste as soil improver (V2), biogas plant closure variant (V3)). It also takes into account the closure of the biogas plant because there is the possibility of transferring responsibility for waste management from the slaughterhouse to third parties that can process them, but in this case, additional costs are generated with electricity, heat and for the takeover of waste by third parties. At the same time, V3 was highlighted in the analysis to economically highlight the profitability of the biogas plant attached to the agri-food economic entity as a waste management tool from slaughter. An economic forecast was made for the variants analyzed, and for the optimal variant (V2) an investment recovery plan was quantified to obtain the soil improvement product. Thus, AMC can be considered a useful tool in strategic management, as it is possible to include in the analysis abstracting criteria that cannot easily be quantified, such as environmental ones and social responsibility.



In this context, the research undertaken supports the optimization of waste management, the integration of a composting platform for obtaining a soil improvement product, which also requires considerable investment. According to the analyses performed, it is proven that the investment with an estimated amortization period of 10 years and a useful life of 15 years generates positive results (ranging from 181,005.46 to 308,667.05 EUR), a positive and ascending opportunity cost (between 206,607.84–EUR 285,039.57) and, last but not least, a marginal increase from 387,613.30 to 593,707.44 EUR. The platform attached to the biogas plant, in addition to providing a new source of profit for the entity, by selling the soil-improving product, and by minimizing waste collection fees, contributes to the efficient management of sludge waste from the biogas plant, transforming an environmental problem and, implicitly, cost into an economic advantage, validating also the research hypothesis.



Throughout the research, as well as the results obtained, it emphasizes the usefulness of the research as an example of good practices for the economic entities in the agri-food sector, and the optimal variant, i.e., the operation of the biogas plant with recovery of waste as a soil improver determines ecological and economic benefits in concordance with the principles of sustainable development.
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