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Abstract

:

The mowing of sports fields generates a significant amount of waste biomass which requires appropriate management. On the largest scale, this problem affects golf courses with a grass surface area of up to 100 ha. Currently, the main directions for grass clippings management include composting, grass cycling, and waste. A certain alternative may be the energetic utilization of grass clippings, which not only solves the problem of organic waste management, but also brings measurable economic profits in the form of generated electricity and heat. This paper presents a techno-economic analysis of the application of a micro biogas plant, fed with grass clippings from a golf course project in Tuscany, with a grass surface of 111.21 ha. It has been shown that the annual biomass potential is 526.65 tDM∙year−1 (±45.64 tDM∙year−1), which makes it possible to build a micro biogas plant with an electric power of ca. 46 kW. The potential amount of electricity produced during the year is able to cover 16.95–37.35% (depending on the season) of electricity demand in the hotel resort, which includes two golf courses and practice facilities. The produced heat in the amount of 1388.41 GJ, in turn, is able to cover the annual heat demand in the range of 7.95–17.24% (depending on the season). In addition, the electricity and heat produced exceeds the energy expenditures for mowing, making the energy balance positive. Unfortunately, the analysis showed that the construction of a micro scale biogas plant is economically unprofitable and is characterized (in the period of 10 years) by negative IRR and ROI (−17.74% and −34.98%, respectively). However, it should be emphasized that with the additional income resulting from the avoidance of fees for the export and management of organic waste and the reduction of fertilization costs (fertilization of part of the golf course with digestate), the application of a micro biogas plant may turn out to be economically feasible (NPV > 0).
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1. Introduction


Natural sports turf has many environmental benefits. They are related to the protection of groundwater, biodegradation of synthetic organic compounds, soil erosion control and dust stabilization, and improvement of atmospheric conditions (reducing noise levels by absorption, reflection and refraction of various sounds, and carbon dioxide absorption by plants through photosynthesis) [1]. It is also worth emphasizing that turf grasses soils may sequester atmospheric C [2] (carbon sequestration occurs when more CO2 (GHG) is removed from the atmosphere by photosynthesis than is returned to the atmosphere through respiration; “excess” C is retained in the soil [3]). Numerous studies conducted on golf courses have confirmed that the soil organic C sequestration rate in these areas is in the range of 0.32–1.2 tC·ha−1·year−1 [3,4,5,6,7]. However, due to the heavy load on the turf in the league season, related to the increased training, match, and tournament frequency, maintaining the natural surface in a proper condition involves additional financial outlays, including not only basic care treatments such as irrigation, mowing, or fertilization, but also specialized topdressing, scarifying, aeration, or overseeding [8]. The need to precisely perform these treatments requires the use of special vehicles, as a result of which a high amount of fuel is used, which has a negative impact on the environment [9]. While in the case of most treatments, their use is limited to a few times a year, turf mowing is a very common procedure due to the need to maintain the height of the grass at a certain level [10,11,12,13]. Additionally, frequent mowing of the turf is recommended due to the stimulation of the turf and increasing the density of the turf, which in most sports cases leads to better playability and tolerance to the use of pitches [14,15]. As a result, sports clubs seek to minimize the negative effects of mowing on the environment. The current trends are focused on the use of fully automatic mowers or improvement of mowing efficiency in order to measurably reduce the amount of fuel consumed [16,17,18]. Unfortunately, the side effect of these care activities is generation of waste biomass. During mowing, a significant amount of grass clippings is produced, requiring proper disposal. Annually, up to 7.2 tDM∙ha−1 grass clippings may be obtained from sports fields/courts [19].



Proper management of biomass is an important element of sustainable development and, in the case of sports clubs, a key element of ecological facility management. Depending on the mowing technique used, biomass in the form of grass clippings from a sports field can be utilized in various ways. Currently, the main directions for the utilization of grass clippings from sports grounds are grass cycling (leaving the clippings freely on the grass as a source of humus) and composting, but still, at many sites, it is common practice to store clippings for a long time and use it as waste [20]. Grass clippings are stored for a relatively long time in order to reduce their weight and volume, thus reducing the cost of their disposal and management by the municipal plant. While in the case of most sports that decide to use a natural grass surface, this problem is not so significant, due to the small area of the playing fields, not exceeding a few hectares. So far, the largest scale of the problem concerns golf courses whose grass surface can exceed 100 ha [21], thus being more than ten times larger than standard turfs used on other sports fields. Mowing golf courses is also characterized by a much higher primary energy consumption than in comparison to other sports fields/courts. Analysis of two golf courses in Sweden, at Sigtuna (52.5 ha) and Uppsala (76 ha) by Tiddaker et al. [22], showed that the energy requirements for maintenance and care were very high in these areas, with most of the energy required for mowing. The authors estimated that for the green area the primary energy consumption on golf courses is 21–27 GJ∙ha−1∙year−1 (160–198 mowing∙year−1), for the tee area 27–33 GJ∙ha−1∙year−1 (88 mowing∙year−1), for the fairway area 10 GJ∙ha−1∙year−1 (88 mowing∙year−1), and for rough area (also included manufacture and maintenance of machinery) 7.1–7.6 GJ∙ha−1∙year−1 (30 mowing∙year−1). The green area, despite the much lower frequency of mowing, is characterized by lower energy expenditure than the tee area, which may be mainly due to the lower power required for mowing, because the grass surface is mowed more often and the machines cut only small grass clippings [23]. Additionally, a standard golf course consists of several different parts for the game fields, each of them with different levels of mowing and maintenance. Typical golf course components are shown in Figure 1. The description of the individual components of the golf course along with the mowing and maintenance characteristics is included in Table 1.



As mentioned before, the basic directions for management and utilization of grass clippings from sports grounds are waste, composting, and subsequent fertilization of the area with the finished product, or leaving them on the soil immediately after mowing as a source of humus (grass cycling).



The first method is undesirable because in most cases the cuttings are packed in bags and transported to landfills or to plants processing organic waste, where they take up a lot of space, especially during the growing season [26]. In addition, it is common practice before this process to air dry the grass clippings in piles in order to reduce their volume, which is aimed at reducing the costs of disposal by the municipal plant, which, due to the area of standard golf courses and the frequency of mowing, can be a significant financial burden. Due to this action, not only valuable nutrients and plant organic matter are lost, but also the biological decomposition of organic matter leads to the emission of GHG (Green House Gases) and leachates, which may have a highly toxic effect on the environment and living organisms [27].



Until now, the best alternatives for taking grass clippings out of the sports club have been composting and grass cycling. Unfortunately, these methods are still considered ineffective in many cases and do not convince all sports surface administrators. Although one ton of grass clippings results in 200 pounds of degradable fibrous matter after composting [28], the main argument against composting grass clippings in sports grounds is that the amount of compost produced from grass clippings is not sufficient to cover the entire surface of the golf course. It is estimated that during the composting process, the weight of grass clippings and other residues can be reduced by about 70% [29], therefore, from 100 m3 of waste, only 30 m3 of compost can be produced. In addition, golf course managers do not want to decide to fertilize one part of the field with compost and the other part with specialized fertilizer, due to the potential occurrence of differences in the performance characteristics (valuation and functional) of the turf, such as color, turf density, stiffness, elasticity, or susceptibility to diseases [30]. The research performed [31] has shown that the application of leaf compost improves the physical properties of the soil and the playing surface, however, it may also reduce the surface hardness, increase the volumetric moisture of the soil and significantly change the physical and chemical properties of the soil. It is also worth emphasizing that when composting grass clippings, odor problems may occur, which is particularly unfavorable in sports facilities from the point of view of players and fans. In order to avoid them, the clippings have to be turned frequently, even twice a day, which can be a significant inconvenience due to the amount generated on the golf course [29,32].



The situation in the case of grass cycling is slightly different, as generally this method of biomass utilization on home lawns, recreational areas, and smaller sports fields are considered to be beneficial. A properly carried out grass recycling process assumes mowing the surface with the appropriate frequency so that during a single mowing, no more than one-third of the leaf blade is removed. The tests showed that returning grass clippings to the ground with a mulching mower improves the color of the clippings compared to the harvested yield [33]. Additionally, reducing the level of nitrogen fertilization by half when using grass cycling does not negatively affect the color of the turf. There are also reports [34,35,36] of an increase in the efficiency of nitrogen use, its absorption, and the total dry matter yield, thanks to the use of grass cycling. Law et al. [37] indicate that the “one-third” rule reduces mowing requirements by 31% and returning grass clippings adds about two mows a year. Such action, in the case of large-area golf courses, is not entirely desirable due to the high financial outlays that are incurred during mowing. Some golf courses also choose not to use grass cycling due to the functional aspect of the game. Grass clippings can inhibit the ball from rolling, so it can stop faster than on surfaces where the yield has been collected. Grass clippings can also stick to the ball, however, these are not considered loose obstacles and therefore cannot be removed. It is also worth mentioning that grass cycling cannot always be used. Grass cycling is only possible on fairways and tees. A particular barrier to this process is rainy weather and areas with low mowing frequency, such as the semirough, playable rough and hardrough [38].



Because of the above arguments, alternative solutions are sought that will allow partial elimination of the problematic management of grass clippings, to simultaneously use their potential valuable properties. One of the proposed solutions is the energy utilization of grass clippings. However, due to the high concentrations of chlorine, nitrogen, and sulfur (even after the application of mineral-reducing pretreatment) that have been reported [39] in sports field grass and which can lead to adverse emissions, pollution, and corrosion during traditional combustion, grass clippings are much more often considered as material for biogas production during anaerobic digestion [40]. Research has shown that grass residues can potentially serve as a substitute for maize silage in the production of heat and electricity, both as a raw material for mono- and co-fermentation [41]. In fact, the monofermentation of grass silage is a dynamic and complicated process, that requires strict control and monitoring of critical parameters [42]. Therefore, to ensure greater efficiency and better operating conditions, a combination of inputs is used in practice which assumes that the amount of grass as a substrate for biogas production may not exceed a certain degree. However, several authors proved that there is a proper technology allowing grass silage monofermentation [43] and biological stability [42].



There are works [44,45,46,47,48,49] showing the unit potential of methane/biogas production from mixed grass clippings from golf courses/sports grounds and the biomass potential of grass clippings, depending on the part of the playing field, characterized by different frequency and height of mowing; however, they did not analyze the complete case study, assuming only theoretically the possibility of electricity production and the existence of high-efficiency devices. It is worth emphasizing that studies to date, found in the literature, have demonstrated the potential of golf course biomass only in terms of dry weight and with inaccurate estimation of area by rounding specific areas of golf courses to their full values. As a result, the logistic chain profitability of building a micro biogas power plant and producing electricity and heat from anaerobic fermentation of grass clippings after mowing a golf course, is not known.



Taking these arguments into account, this study aims at: (i) detailed analysis of the grass surface of a selected large-area golf course (A > 100 ha) and its characterization in terms of mowing frequency; (ii) estimating the golf course biomass potential in the form of grass clippings; (iii) determination of the coverage degree of the energy used for golf course mowing by the energy generated in own micro-biogas plant fed by biomass waste (grass); (iv) evaluation of the profitability of building a micro-scale biogas power plant for a golf course.




2. Materials and Methods


2.1. Study Site


The golf project under study (designed by the golf course architect team Rainer Preißmann and Wilfried Moroder) is located in the municipality of Montaione, in the Tuscany region, in the province of Florence (Italy) (Figure 2). Golf is part of an 1100 ha tourist complex, which includes, among others, a 120-room hotel with heated swimming pool, a 30-room hotel, 1000 m2 spa with indoor and outdoor heated swimming pools, fitness center, restaurant complex, olive groves, and medieval castle. The golf project as part of the original masterplan has a total grass area of 111.21 ha and was divided into four main areas: Lake Course (51.11 ha), Mountain Course (43.53 ha), Practice Area (6.29 ha), and Short Course (10.28 ha). The division of individual areas into different parts of the golf course, used for playing and characterized by different levels of height and frequency of mowing, as well as a detailed map of the facility and the location of these zones are presented in Supplementary Materials S1. The operation of the Mountain Course, 9 holes of the Lake Course, and the Practice Area started in 2010. Reed mixes (Festuca arundinacea Schreb.) have been planted in fairways and semirough areas, fescue mixes have been planted in playable rough areas and meadow grass mixtures have been planted on hard rough areas. The base of golf course management is daily mowing of the greens, 3–4 times a week for tees, 1–2 times a week for fairways, semiroughs once a week and twice in the year for rough.




2.2. Estimation of the Biomass Potential of Grass Cuts from the Golf Course


To estimate the amount of biomass in the form of dry mass of grass clippings, literature indicators were used, taking into account the mass of the resulting biomass depending on the specific part of the golf course used for the game, characterized by a different level and frequency of mowing. The indicators are presented in Table 2. The following formulas were used:


   P  DM   = ∑  P i  ·  A i   



(1)




where: PDM—golf course biomass potential as dry matter of grass clippings (t); Pi—unit potential of biomass in the form of grass clippings on a specified part of the golf course, characterized by a different level and frequency of mowing (t∙ha−1); Ai—area of the individual part for the game on the golf course (ha).



Converting the dry matter content of grass clippings to fresh matter and dry organic matter:


   P  FM   =    P  DM     1 − MC      



(2)






   P  ODM   =   1 − AC   ·  P  DM    



(3)




where: PFM—golf course biomass potential as fresh matter of grass clippings (t); POM—golf course biomass potential as dry organic matter of grass clippings (t); MC—average moisture content in the fresh matter (FM) of grass clippings from the golf course (%); AC—ash content in grass clippings (%).




2.3. Assumptions for Technical and Economic Analysis


The technical and economic analysis is a key stage in the planning of works on a biogas power plant, allowing determination of the energy potential of a specified installation. Taking into account investment outlays, revenues from energy sales (or savings), and operating and maintenance costs, its financial profitability can be determined. The assumptions taken for the analysis are presented in Table 3.




2.4. Calculation of Technological Parameters of Biogas Power Plants and Energy Production


The annual production of methane was calculated according to the formula:


   R  CH 4   =   1 −  L  GC     ·  P  DM   · ODM ·  V  CH 4    



(4)




where: RCH4—annual production of methane, (m3∙year−1); VCH4—potential for methane production from mixed golf course grass clippings, (m3∙tOM−1).



The theoretical thermal power was determined from the following formula:


   N  TH   =  H  CH 4   ·   LHV   CH 4   ·  η  TH    



(5)




where: NTH—theoretical thermal power (kW); HCH4—production of methane (m3∙h−1), LHVCH4—lower heating value of methane (kWh∙m−3); ηTH—thermal efficiency of the CHP (Combined Heat and Power) engine (%).



Gross heat production was determined from the formula:


    QC   BRUTTO   =  N  TH   · t    



(6)




where: QCBRUTTO—gross heat production (GJ∙year−1); t—engine operation time (CHP) (h∙year−1).



Heat consumption for technological purposes was calculated using the formula:


    QC   TECH   =   QC   BRUTTO   ·  Z c     



(7)




where: QCTECH—heat consumption for technological purposes (GJ∙year−1); ZC—own heat internal needs factor (-).



Net heat production was calculated according to the formula:


    QC   NETTO   =   QC   BRUTTO   −   QC   TECH      



(8)




where: QCNETTO—net heat production (GJ∙year−1).



The theoretical electric power was determined from the following formula:


   N  EL   =  H  CH 4   ·   LHV   CH 4   ·  η  EL      



(9)




where: NEL—theoretical electric power (kW); ηEL—electric efficiency of the engine (CHP) (%).



Gross electricity production was determined from the formula:


    QE   BRUTTO   =  N  EL   · t    



(10)




where: QEBRUTTO—gross heat production (kWh∙year−1).



Electricity consumption for technological purposes was calculated using the formula:


    QE   TECH   =   QE   BRUTTO   ·  Z E     



(11)




where: QETECH—electricity consumption for technological purposes (kWh∙year−1); ZE—own electricity internal needs factor (-).



Net electricity production was calculated according to the formula:


    QE   NETTO   =   QE   BRUTTO   −   QE   TECH      



(12)




where: QENETTO—net electricity production (kWh∙year−1).



The reactor’s volume was calculated from the following formula, taking into consideration the volume needed for heating installation, stirrer, and roof construction [56]:


   V R  =    P  FM      ρ d    · HRT ·  k r     



(13)




where: VR—reactor’s volume (m3); PFM—substrate fresh mass stream (kg∙day−1); HRT—hydraulic retention time (period of fermentation of substrate in the chamber) (days); kr—volume ratio for the accompanying equipment (adopted kr = 1.25) (-); ρd—bulk density of mixed grass clippings (kg∙m−3).




2.5. Methods of Investment Project Assessment


2.5.1. Net Present Value (NPV)


The NPV indicator is the main method of evaluating investment projects in terms of time. This ratio discounts future cash flows resulting from the functioning investment with an assumed discount rate and then summing them together [61]. The indicator is calculated from the following formula:


  NPV =   ∑   t = 1  n      CF  t        1 + r    t    −  I o     



(14)




where: CFt—cash flow in the period t (€); r—assumed discount rate (%); Io—initial investment (€).




2.5.2. Internal Return Rate (IRR)


The IRR is the rate of return for which the NPV function is zero. The profitability of starting an investment increases with the higher value of this ratio [62]. The formula is as follows:


    ∑   t = 1  n      CF  t        1 + IRR    t    −  I o  = 0    



(15)




where: IRR—internal return rate (%).




2.5.3. Return on Investment (ROI)


Return on Investment (ROI) is the ratio of the return on investment to the cost of the investment. Investments are often equated to the Weighted Average Cost of Capital (WACC) value [63]. When the ROI value is greater than or equal to the WACC, the investment is profitable. The ratio is calculated from the following formula:


  ROI =     GFI − CFI     CFI      



(16)




where: ROI—return on investment (%); GFI—gain from investment; (€); CFI—cost of investment (€).






3. Results and Discussion


3.1. Biomass Potential of Grass Clippings from a Golf Course in Tuscany


Golf courses, compared to sports turfs used for other sports, due to their specific construction, are much more difficult to analyze in terms of the possibility of using the biomass generated in their areas for energy production. Firstly, the golf course does not have strictly defined grass surface dimensions, which means that the amount of biomass produced can vary significantly between different courses. In addition, each golf course is unique in terms of the terrain, the area of individual parts for the game, characterized by a different frequency, mowing height, facility management strategy, grass clippings management, and the individual biomass potential [64]. This means that even golf courses with a similar total area may have large differences in the amount of biomass generated, hence the importance of a detailed analysis of the structure of a given golf course, when estimating its resources for potential energy use.



Table 4 shows the division of the 4 main parts of a golf course in Tuscany (Lake Course, Mountain Course, Practice Area, Short Course) into smaller sectors and the total annual biomass potential of grass clippings. The estimated potential does not take into account the dry matter losses associated with the commencement of ensilage. The main objective of the analysis was to determine the potential of grass clippings in relation to dry matter, as this parameter is the most common indicator of estimating the theoretical potential of biomass in recreational and sports areas. The conducted analysis showed that the total annual biomass potential of grass clippings is 526.65 tDM∙year−1 (±45.64 tDM∙year−1). Lake Course had the greatest biomass potential, where about 245.83 tDM∙year−1 (±20.57 tDM∙year−1) can be harvested annually. The Mountain Course had slightly less grass clippings available for energy use (205.58 tDM∙year−1 ±16.90 tDM∙year−1). The last two parts of the golf course were characterized by a much lower amount of biomass, but they had a much smaller total area compared to the Lake and Mountain Course. The Short Course yields 49.83 tDM∙year−1 (±4.76 tDM∙year−1) annually, while the Practice Area only yields 25.42 tDM∙year−1 (±3.40 tDM∙year−1) of grass clippings.



However, it is worth analyzing the biomass potential of individual parts of the golf course in relation to the area unit. On average, the Short Course had the greatest biomass potential in this case—4.85 tDM∙ha−1∙year−1 (±0.46 tDM∙ha−1∙year−1). A slightly lower unit potential of grass clippings was recorded for the Lake Course—4.81 tDM∙ha−1∙year−1 (±0.40 tDM∙ha−1∙year−1)—and Mountain Course—4.72 tDM∙ha−1∙year−1 (±0.39 tDM∙ha−1∙year−1). The Practice Area was characterized by the lowest individual potential—4.04 tDM∙ha−1∙year−1 (±0.54 tDM∙ha−1∙year−1). This situation results directly from the share of the rough zone in the total share of the area of a particular part of the golf course. The rough area is the wild grass area with the highest average yield potential of any of the areas considered. In the case of the Short Course, the share of the rough area is 62.29%, hence it has the highest individual potential. The rough’s share of Lake Course and Mountain Course is 48.90% and 44.80%, respectively. In the Practice Area there is no wild grass area, hence the low biomass unit potential. Therefore, when planning the energy use of grass clippings, one should strive to increase the share of the rough area in the total area of golf courses. Of course, such a situation is not always possible, due to the need to provide golfers with adequate comfort as well as the conditions and amount of grass surface of the remaining playing areas. However, the unused squares of the golf course complex can be expanded with additional “rough” areas. Such an action could also have the added benefit of enhancing local flora and fauna biodiversity [65]. It should also be emphasized that golf courses sometimes divide the rough area into a “Hard Rough” area, mowed twice a year, and a “Playable Rough” area, mowed once a week. In this paper, the rough area is considered “Hard Rough” and the “Playable Rough” place is taken by the “Semirough” areas. The estimated unit potential of biomass from the entire golf course in Tuscany, amounting to 4.74 tDM∙ha−1∙year−1 (±0.41 tDM∙ha−1∙year−1), is greater than the potential of a typical golf course in Germany (4.56 tDM∙ha−1∙year−1) [45], and close to grass clippings potential from the Haghof (4.87 tDM∙ha−1∙year−1), Solitude (5.04 tDM∙ha−1∙year−1), and Sonnenbühl (5.33 tDM∙ha−1∙year−1) golf courses in southwestern Germany [44]. However, these golf courses had a large share of rough area in the total area. Grass biomass from golf courses has a slightly higher dry matter potential than roadside grass with an estimated yield of 3–4 tDM∙ha−1∙year−1 [66].



The estimated biomass potential of grass clippings was also related to the amount of fresh weight and dry organic matter, referring to sources directly examining the parameters of grass clippings obtained on golf courses and sports fields. When estimating the amount of fresh matter and dry organic matter, organic biomass may turn out to be crucial in planning the construction of a micro biogas plant and determining its technical parameters. The fresh weight potential of grass clippings on a golf course in Tuscany was set at 1979.90 tFM∙year−1 (±171.56 tFM∙year−1), assuming an average moisture content of MC = 73.40%. Noer [67] confirmed that the moisture content in the fresh mass of grass clippings during the growing season (April–November) is similar and amounts to 65.00–77.46%, with the lowest moisture content obtained for the last two tested months (October and November). It should be expected that also on the golf course in Tuscany, during the growing season, there will be no significant differences in the moisture content of the grass clippings, due to the regular irrigation of the surface in order to maintain the correct quality characteristics of the turf grasses [68]. In the case of dry organic matter, the clippings potential of the golf course was determined at 465.25 tDMO∙year−1 (±40.41 tDMO∙year−1), assuming the ash content AC = 11.66% [51]. In the literature, there is also a possibility of finding many similar results of ash content in the fresh mass of grass clippings from sports, recreational, or roadside verges. Piepenschneider et al. [69,70] determined the content of grass ash from roadside verges at the level of 10.84% and 7%. Nitsche et al. [39] obtained a slightly higher ash content for grass from sports fields (14.84%).




3.2. Technical Parameters and Methane Production


Table 5 shows the calculated parameters for a micro biogas power plant system, including: hourly methane production, gross heat production, heat consumption for technological purposes, net heat production, gross electricity production, electricity consumption for technological purposes, theoretical thermal power, theoretical electric power, and reactor’s volume.



The potential methane production from grass clippings coming from the golf course VCH4 = 340 m3∙tODM−1 [51] assumed in the calculations allowed determination of the hourly production of methane, which was 15.35 m3∙h−1 (±1.33 m3∙h−1). The assumed value of the methane production potential was taken from the work presenting a wide range of possibilities of using sports biomass for biogas production, including the applicability of cuttings from golf courses, other sports fields and mixtures of grasses located directly next to sports fields, but not belonging to playable areas. Methane yields are reported under standard conditions. The batch test was performed for 35 days in accordance with the conditions of VDI 4630. This potential is very close to the typical results obtained with grass clippings. Nitsche [39] obtained methane yields of 340.10 Ndm3·kg−1 VS, investigating the possibility of using biomass from sports grounds in anaerobic digestion. Meyer et al. [52], while testing the suitability of roadside grass for biogas production, determined that the theoretical potential of cut grass may be 490 m3 CH4·kg−1 VS, and the practical maximum 390 m3 CH4·kg−1 VS. Antonopoulu et al. [71], by studying grass lawn waste, obtained a methane potential of 339.86 dm3·kg−1 VS before the raw material pretreatment processes and 427.07 dm3·kg−1 VS after the pretreatment. In the literature, there are articles with a lower methane potential than assumed in this work. Hidaka et al. [72], investigating the possibility of co-fermentation of urban grass cuttings with sewage sludge, obtained the methane potential of grasses at the level of 90–200 Ndm3·kg−1 VS. Howewer, in this case, the material was taken from unmanaged areas, which could contain high fiber concentrations.



The conducted analysis showed that annually, from grass clippings, it is possible to generate 330.57 MWh (±28.65 MWh) of electricity and 1388.41 GJ of heat (±120.30 GJ). To determine the extent to which electricity fed into the grid is able to balance the annual energy expenditure of mowing a golf course, the indicators available in Table 6 were used.



The total energy consumption for mowing has been estimated at 968.21 GJ∙year−1. The largest energy expenditure should be incurred in the Fairways (280.18 GJ∙year−1), Rough (257.05 GJ∙year−1), Tee (169.19 GJ∙year−1) and Semirough (156.40 GJ∙year−1) areas. The remaining areas are characterized by relatively low energy consumption (7.32–68.60 GJ∙year−1). The average energy expenditure for mowing per unit area of a golf course in Tuscany (8.71 GJ∙ha−1∙year−1) was similar to that of the Sigtuna (7.98 GJ∙ha−1∙year−1) and Uppsala (8.74 GJ∙ha−1∙year−1) golf courses [22].



The analysis showed that the annual electricity fed into the grid, 330.57 MWh∙year−1 ± 28.65 MWh∙year−1 (equivalent of 1190.05 GJ∙year−1 ± 103.14 GJ∙year−1), coming from biogas produced from grass clippings from the golf course, is higher than the annual energy expenditure for mowing. This means that the Tuscan golf course is able to counterbalance/minimize the negative environmental effects of combustion of conventional fuels (diesel and petrol) in internal combustion engines by producing the renewable energy equivalent of biogas.




3.3. Supplying the Tourist Complex with Heat and Electricity


Electricity consumption in a tourist complex varies significantly from year to year, which is dictated by different tourist activity, changing weather conditions during the season, as well as the development of technology and the implementation of new devices in the resort. Figure 3 shows the electricity consumption of the complex from the 2016/2017 season to the 2019/2020 season. The lowest electricity consumption was observed in the 2016/2017 season, when consumption was 885 MWh∙year−1. In such a case, the production of electricity by micro scale biogas plants powered by grass clippings from the golf course would be able to cover the electricity demand to 37.35% (±3.24%). The highest electricity consumption was observed in the 2017/2018 season, when 1950 MWh was consumed, which would be equivalent to covering the consumption to 16.95% (±1.47%) if some electricity was produced from biogas during anaerobic digestion of grass clippings. In the remaining 2018/2019 and 2019/2020 seasons, electricity consumption in the tourist complex was 1684.3 MWh and 1421.7 MWh, respectively. Electricity from a micro scale biogas plant would be able to cover this consumption to 19.63% (±1.70%) and 23.25% (±2.02%). Taking into account the average value of electricity consumption from 4 seasons, amounting to 1485.3 MWh, which would be associated with the average possibility of covering the consumption with energy from biogas to 22.26% (±1.93%).



In the current system the farmhouses and the club-house have air–water and/or air–air heat pumps. The tourist resort also has its own thermal plant powered by various types of biomass for heating the buildings of the village. The heat produced from biomass differs significantly between seasons (Figure 4). The highest demand for heat was observed in the 2016/2017 tourist season, when the heating plant produced 17463.6 GJ of heat. In the following years, the amount of heat produced decreased and amounted to 14040.0 GJ, 11857.68 GJ, and 8053.24 GJ in the 2017/2018, 2018/2019 and 2019/2020 seasons, respectively. Therefore, it should be noted that the construction of a micro biogas plant powered by grass clippings from a golf course is able to significantly reduce the consumption of biomass in the thermal biomass plant. For the most demanding heating season among the last 4 seasons (2016/2017), a micro scale biogas plant would be able to cover the heat demand for heating buildings of the village to 7.95% (±0.69%). For subsequent seasons, as the demand for heat decreases, this indicator would increase and amount to 9.89% (±0.86%) for the 2017/2018 season, 11.71% (±1.01%) for the 2018/2019 season, and 17.24% (±1.49%) for the 2019/2020 season, respectively.




3.4. Results of Economic Analysis of Investment Scenario


Table 7 shows the investment costs, operating and maintenance costs, and incomes necessary to determine the profitability of building a micro scale biogas plant, fed with grass clippings, from a golf course at a tourist resort in Tuscany.



Table 8 shows the results of the economic analysis of the construction of a micro scale biogas plant powered by grass clippings from the mowing of the golf course. The investment turned out to be unprofitable, with the values of NPV, IRR, and ROI ratios of −235,000 €, −17.74%, −34.98%, respectively. In the study, savings (as an avoidance of costs) resulting from the purchase of electricity produced by biogas plants, and savings resulting from the lack of purchase of biomass for heat production, which was also produced in a biogas plant, were designated as income. The investment was considered for a period of 10 years. However, it should be mentioned that in the considered case, the avoidance of costs related to the management and disposal of green waste (grass clippings), which takes place on many golf courses and other sports fields, was not taken into account (due to the composting process of part of the grass clippings). Income from such an operation could significantly affect the profitability of the investment. Additionally, in the future, the income could be increased by avoiding part of the costs related to fertilizing the golf course with digestate. At present, however, it is not known how the functional and visual features of lawn turfs develop after fertilization with digestate. Odors and emissions, which are very undesirable in sports venues, could also be a potential problem.



Wąs et al. [80] examined the profitability of agricultural micro-scale biogas plants in Ukraine, and also concluded that the such investment is not satisfactory in terms of economic balance as the IRR was negative (biogas plant power 25 kW, IRR at −1.35%). In their study, a slightly higher profitability of the investment was obtained, but it should be mentioned that such a difference may be mainly due to higher operational and maintenance (O&M) costs in Italy.



3.4.1. Sensitivity Analysis


Some of the costs presented in the economic analysis are average values, related to investment outlays for small and medium-sized agricultural micro scale biogas plants. Operational and maintenance costs, as well as revenues are also taken into account to a significant extent, depending on the place where the investment is planned. For this reason, it is necessary to present the most important sensitivity analyses of the selected input data in the economic assessment for which the investment recommendation changes.



Figure 5 shows NPV value as a function of price decrease/increase for a given factor. The cost change of 6 factors was assessed: biogas plant, operational labor, microturbine, electricity price, wheel loader, and wood chips price. The possibility of a decrease or increase in the prices of a given factor by a maximum of 40% was taken into account.



Of all the parameters evaluated, the price of electricity is the most influential. This is due to the fact that savings resulting from the lack of purchase of electricity constitute the largest part of the income of an agricultural micro biogas plant. The 40% increase in electricity prices still shows a negative NPV value (−88,800 €), however, compared to the baseline scenario, it significantly improves the economic efficiency of the project. On the other hand, the dynamic reduction in electricity prices results in a sharp deterioration of financial results.



The investment cost related to the construction and purchase of the biogas plant and labor costs also had a high impact on the profitability of the investment. In the case of the considered scenarios (increase/decrease of prices by 40%), the range of the NPV coefficient values for the parameters under consideration is respectively −130,000 € to −340,500 € (biogas plant) and −154,000 € to −316,000 € (labor cost). Among the analyzed parameters, the cost of the microturbine and the price of wood chips have the least impact on the profitability of the project.




3.4.2. Additional Revenues


Due to the theoretical case studies, it was also decided to make an economic analysis based on additional revenues, related to the avoidance of the costs of management and disposal of green waste, as well as the use of digestate as fertilizer.



In the case of additional incomes related to the avoidance of fees related to the management and export of green waste (grass clippings), the following 5 scenarios were analyzed (Table 9). The revenue was estimated based on the tariff, the cost of managing organic waste (grass clippings), including transport, is 0.1 €∙kg−1 [81].



In the case of additional incomes related to the use of digestate, five scenarios were also analyzed (Table 10). The amount of digestate was determined based on the calculations of Czekała [82], who estimates that about 90% of the initial mass of the substrate still remains in the digestate. The value of the digestate as a soil fertilizer was defined as income amounting to 5 €∙t−1 [83]. The disposal costs of the unprocessed digestate (loading and spilling on the golf course) were also taken into account as 4 €∙t−1 [84].



The scenarios were combined with each other. The results of the economic analysis are shown in Figure 6 and Figure 7. The conducted analysis showed that the use of digestate (taking into account its market price) can support the financial performance of a biogas plant, however, the income significantly depends on the avoidance of costs related to the management and disposal of green waste. For the group of the most optimistic scenarios (W1D1, W1D2, W1D3, W1D4, W1D5), assuming the total export of fresh matter of grass clippings, the value of the NPV coefficient was 1,235,000–1,222,000 €, IRR coefficient was 69.22–68.62%, and ROI coefficient was 170.53–181.89%.



On the other hand, for the group of the least optimistic scenarios, which assumed the export and management of 50% of grass clippings, which reduced their weight by 50% and assumed the application of digestate (W5D1, W5D2, W5D3, W5D4, W5D5), the NPV coefficient varied from the value of 142,350 € to the value of 129,250 €, while IRR coefficient varied from 15.15% to the 14.37% and the ROI coefficient varied from the 19.65% to 19.24%. Therefore, it should be recognized that the analyzed additional sources of income can significantly affect the profitability of a micro biogas plant fed by grass clippings from sports fields. It is worth mentioning, however, that this income depends on the grass clippings management and utilization strategy undertaken by a specified sports company.






4. Conclusions


The frequency of mowing of sports turfs, resulting from the need to maintain the height of the grass at an appropriate level, stimulates turf cover and improves resistance to trampling, and causes the generation of a large amount of waste biomass (grass clippings). The ineffectiveness of composting processes and grass cycling makes golf course operators look for new, competitive methods of managing grass clippings, while using valuable organic matter.



This article analyzes the possibility of energy utilization of grass clippings from a golf course in Tuscany, characterized by a grass surface of 111.21 ha. It was estimated that the annual biomass potential of grass clippings is 526.65 tDM∙year−1 (±45.64 tDM∙year−1), thanks to which it is possible to build a micro biogas plant with a capacity of ca. 46 kW. Electricity (330.57 MWh∙year−1) from the produced biogas is higher than the energy expenditure for mowing (968.21 GJ∙year−1), making the energy balance positive and, depending on the electricity consumption in the tourist resort, is able to cover demand in the range of 16.95–37.35%. Additionally, the generated heat is measurably able to limit heat production from a biomass-fired thermal plant located in a tourist resort. Production of 1388.41 GJ∙year−1 is able to cover demand in the range of 7.95–17.24%.



Unfortunately, the analysis showed that the investment is economically unprofitable and is characterized by negative values of the NPV, IRR, and ROI economic indicators (respectively: −235,000 €, −17.74%, −34.98%). It should be mentioned, however, that in the case of golf courses (depending on the management strategy of grass clippings and waste biomass), additional income may be the avoidance of fees related to the management and disposal of green waste. The potential post-fermentation mass can also be used in the fertilization of turf, however, it is necessary to conduct research on the functional and visual characteristics of sports turfs after fertilization with digestate. However, the conducted analysis showed that taking into account the income from these additional sources may make the investment profitable, with a positive NPV coefficient.



It is also worth mentioning that the profitability of the project, which is the construction of a micro biogas plant, fed with grass clippings from sports fields, is conditioned by several technical limitations. They are related not only to the difficulty and complexity of grass monofermentation, but also to the grass clippings management strategy, the availability of infrastructure for biogas plants and biomass storage stations, the possibility of using heat (as well as excess heat in the summer months), and connecting the heat pipeline, and exporting and managing the digestate. For this reason, planning the construction of micro biogas plants in sports facilities should be preceded by a strict case study examination and adaptation of the installation to the existing technical and organizational conditions.



The manuscript also creates space for further economic analyses of the profitability of energy utilization of grass clippings. Due to the need to implement a circular bioeconomy, it should be expected that grass clippings will be treated as a valuable product at an increasing number of sports fields, and the development of technology may contribute to the profitability of investments and the application of micro biogas plants.
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Figure 1. Golf course components (adopted from [25]). Reproduced with permission from Deutsche Golf Holding Ltd. Detail Overview Golf and Landscape Elements; Deutsche Golf Holding Ltd.: Essen, Germany, 2021. 
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Figure 2. Location of the golf course (adopted from the d-maps.com portal with a slight modification). 
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Figure 3. Electricity consumption in the tourist complex in the 2016/2017–2019/2020 seasons and the potential coverage of electricity demand by electricity produced from biogas, produced from grass clippings from the golf course. 
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Figure 4. Heat produced from biomass in the current system in the tourist complex in the 2016/2017–2019/2020 seasons and the potential coverage of heat demand by heat produced from biogas, produced from grass clippings from the golf course. 
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Figure 5. NPV value as a function of price decrease/increase for a given factor. 
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Figure 6. ROI and IRR values for extended economic analysis (additional income related to the avoidance of fees for the export and management of green waste and the use of digestate). 
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Figure 7. NPV values for extended economic analysis (additional income related to the avoidance of fees for the export and management of green waste and the use of digestate). 
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Table 1. Parts of golf courses with the most popular types of grass and the frequency and height of mowing (based on [24]).
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	Part of the Golf Course
	Description
	Common Grass Species
	Mowing Frequency
	Mowing Height *, cm





	Tee
	Starting area at the start of each hole
	Lolium perenne L., Agrostis stolonifera L., Poa annua L., Cynodon dactylon L., Poa pratensis L., Zoysia spp.
	2–4 times a week
	1–1.5



	Green
	Area where the hole and flagstick are located
	Agrostis stolonifera L., Poa annua L., Cynodon dactylon L.
	3–7 times a week
	0.4–0.8



	Fairway
	Grass as the main track of the game
	Lolium perenne L., Agrostis stolonifera L., Poa annua L., Cynodon dactylon L., Poa pratensis L., Zoysia spp.
	2 times a week
	1.25–2.5



	Rough
	Wild grass area outside the play area
	Cynodon dactylon L., Zoysia spp., Eremochloa ophiuroides, Stenotaphrum secundatum, Poa pratensis L., Lolium perenne L., Festuca arundinacea Schreb.,
	Hard Rough 2 time a year,

Playable Rough–1 time a week
	4–10



	Semirough
	“Regulated rough” as narrow stripes along the fairway “
	Cynodon dactylon L., Zoysia spp., Eremochloa ophiuroides, Stenotaphrum secundatum
	Once a week
	2–3.2



	Fringe/Apron
	Usually a 2′ wide ring around the green
	Lolium perenne L., Agrostis stolonifera L., Poa annua L., Cynodon dactylon L., Poa pratensis L., Zoysia spp.
	2–4 times a week
	Slightly closer than fairway height







* Depends on grass selection.
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Table 2. Literature indicators of biomass potential in the form of grass clippings from specified parts of the golf course and the adopted values for calculations (based on [44,45,46,47,48,49]).
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Part of the Playing Field

	
Range of Biomass Potential (Pi)

	
Average Adopted in the Calculations (Pi)

	
Standard Deviation (SD)




	
tDM∙year−1

	
tDM∙year−1

	
tDM∙year−1






	
Green

	
3.50–4.00

	
3.75

	
0.25




	
Tee

	
3.50–5.00

	
4.25

	
0.75




	
Fairways

	
5.00–5.30

	
5.15

	
0.15




	
Semirough

	
2.25–2.75

	
2.50

	
0.25




	
Rough

	
5.00–6.20

	
5.60

	
0.60
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Table 3. Assumptions adopted for the technical and economic analysis.
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Description of the Assumption Made

	
References






	
Grass clippings (1)

	
Bulk density of mixed grass clippings ρd = 300 kg∙m−3

	
[50]




	
Moisture content in the fresh matter of the mixed grass clippings from the golf course/sport field MC = 73.40%

	
[51]




	
Dry organic matter content in the dry matter of mixed grass clippings from the golf course/sport field ODM = 88.34% DM

	
[51]




	
Potential for methane production from golf course grass clippings VCH4 = 340 m3∙tODM−1

	
[51]




	
Surplus grass clippings during the growing season will be stored in silage tubes

	
[52]




	
Loss of dry matter during ensilage LGC = 15%

	
[53]




	
Biogas power plant (2)

	
Lower Heating Value of methane LHVCH4 = 9.971 kWh∙m−3

	
[54]




	
Hydraulic Retention Time HRT = 35 days

	
[51]




	
Electric efficiency of the engine (CHP) ηEL = 30%

	
[55]




	
Thermal efficiency of the engine (CHP) ηTH = 45%

	
[55]




	
Engine operation time (CHP) t = 8000 h∙year−1

	
[55]




	
Coefficient of own needs for heat generated by biogas plant Zc = 0.3

	
[56]




	
Coefficient of own needs for electricity generated by biogas plant ZE = 0.09

	
[56]




	
Financial (3)

	
Heat generated by biogas plant is used by the resort, leading to money-savings related to separate production of heat in thermal power plant fired by biomass fuel

	
[57]




	
Electricity generated by biogas plant is used by the resort, leading to money-savings related to the lack of purchase of energy from the grid

	
[58]




	
The discount rate, or the weighted average cost of capital WACC = 6%

	
[59]




	
The operation of the biogas plant was established for 10 years

	
[60]




	
Costs of land will not be considered for this study since it is assumed that there is an availability of it in the golf resort

	
---




	
Tax issues were not taken into account

	
---




	
There are no plans to reinvest/renovate the micro biogas plant in the period of 10 years

	
---
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Table 4. Estimated biomass potential in the form of grass clippings depending on the part of the golf course.
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Specified Region

	
Area

	
Fresh Matter

	
Dry Matter

	
Dry Organic Matter




	
ha

	
tFM∙year−1 (±SD)

	
tDM∙year−1 (±SD)

	
tODM∙year−1 (±SD)






	
Lake course

	
Tee

	
0.90

	
14.38 (±2.54)

	
3.83 (±0.68)

	
3.38 (±0.60)




	
Green

	
1.35

	
19.03 (±1.27)

	
5.06 (±0.34)

	
4.47 (±0.30)




	
Fairways

	
14.06

	
272.26 (±7.93)

	
72.42 (±2.11)

	
63.98 (±1.86)




	
Semirough

	
9.81

	
92.19 (±9.22)

	
24.52 (±2.45)

	
21.66 (±2.17)




	
Rough

	
25.00

	
526.32 (±56.39)

	
140.00 (±15.00)

	
123.68 (±13.25)




	
Mountain course

	
Tee

	
0.90

	
14.38 (±2.54)

	
3.83 (±0.68)

	
3.38 (±0.60)




	
Green

	
1.08

	
15.23 (±1.02)

	
4.05 (±0.27)

	
3.58 (±0.24)




	
Fairways

	
12.60

	
243.95 (±7.11)

	
64.89 (±1.89)

	
57.32 (±1.67)




	
Semirough

	
9.45

	
88.77 (±8.88)

	
23.61 (±2.36)

	
20.86 (±2.09)




	
Rough

	
19.50

	
410.53 (±43.98)

	
109.20 (±11.70)

	
96.47 (±10.34)




	
Practice area

	
DR-Training

	
3.35

	
53.56 (±9.45)

	
14.25 (±2.51)

	
12.58 (±2.22)




	
DR-Tee

	
0.31

	
4.91 (±0.87)

	
1.31 (±0.23)

	
1.15 (±0.20)




	
Practice Green

	
0.11

	
1.60 (±0.11)

	
0.42 (±0.03)

	
0.38 (±0.03)




	
Putting Course

	
0.83

	
11.71 (±0.78)

	
3.12 (±0.21)

	
2.75 (±0.18)




	
Sand bunkers *

	
0.95

	
13.46 (±0.90)

	
3.58 (±0.24)

	
3.16 (±0.21)




	
Water hazards *

	
0.73

	
10.32 (±0.69)

	
2.75 (±0.18)

	
2.43 (±0.16)




	
Short course

	
Tee

	
0.18

	
2.88 (±0.51)

	
0.77 (±0.14)

	
0.68 (±0.12)




	
Green

	
0.32

	
4.44 (±0.30)

	
1.18 (±0.08)

	
1.04 (±0.07)




	
Fairways

	
1.36

	
26.23 (±0.76)

	
6.98 (±0.20)

	
6.16 (±0.18)




	
Semirough

	
2.03

	
19.03 (±1.90)

	
5.06 (±0.51)

	
4.47 (±0.45)




	
Rough

	
6.40

	
134.74 (±14.44)

	
35.84 (±3.84)

	
31.66 (±3.39)








* The area of grass around these hazards has been taken into account.
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Table 5. Calculated parameters for micro biogas power plant system.
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	Parameter
	Unit
	Value (±SD)





	HCH4
	m3∙h−1
	15.35 (±1.33)



	QCBRUTTO
	GJ
	1983.45 (±171.87)



	QCTECH
	GJ
	595.03 (±51.57)



	QCNETTO
	GJ
	1388.41 (±120.30)



	QEBRUTTO
	MWh
	367.30 (±31.83)



	QETECH
	MWh
	36.73 (±3.18)



	QENETTO
	MWh
	330.57 (±28.65)



	NEL
	kW
	45.91 (±3.98)



	NTH
	kW
	68.87 (±5.97)



	VR
	m3
	576.34 (±49.94)
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Table 6. Primary energy consumption by mowing (based on [22,73]).
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Specified Region

	
Area

	
Average Primary Energy Consumption by Mowing

	
Total Energy Consumption




	
ha

	
GJ∙ha−1∙year−1

	
GJ∙year−1






	
Tee

	
5.64

	
30

	
169.19




	
Green

	
2.86

	
24

	
68.60




	
Fairways

	
28.02

	
10

	
280.18




	
Semirough

	
21.28

	
7.35 *

	
156.40




	
Rough

	
50.90

	
5.05 *

	
257.05




	
Putting Course

	
0.83

	
24

	
19.94




	
Sand bunkers *

	
0.95

	
10

	
9.55




	
Water hazards *

	
0.73

	
10

	
7.32




	
Total

	
111.21

	
8.71

	
968.21








* It is assumed that most of the Rough area is considered as “Hard Rough”, hence the value of primary energy consumption adopted for the “Meadow Lawns” indicator included in the references.
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Table 7. Investment costs, operating and maintenance costs, and incomes resulting from the construction of a micro scale biogas plant powered by grass clippings from the golf course.






Table 7. Investment costs, operating and maintenance costs, and incomes resulting from the construction of a micro scale biogas plant powered by grass clippings from the golf course.





	
Type of Cost/Incomes

	
Item

	
Unit Value

	
Reference

	
Total Cost, k€






	
Investment

	
Biogas plant

	
5000 €∙kWel−1

	
[74]

	
230




	
Microturbine (installed as CHP system)

	
1300 €∙kWel−1

	
[75]

	
60




	
Heat pipeline connection

	
-

	
-

	
8




	
Biomass storage infrastructure

	
-

	
-

	
2.5




	
Operation and Maintenance (O&M) costs

	
Maintenance of biogas plant

	
2% investment cost∙year−1

	
[74]

	
6




	
O&M microturbine

	
0.01 €∙kWh−1

	
[75]

	
3.3




	
Labour costs

	
2300 €∙person−1∙month−1

	
[76]

	
27.6




	
Wheel loader costs

	
40 €∙h−1

	
[77]

	
12




	
Microbiological preservative and foil

	
15 €∙ha−1

	
[53]

	
1.7




	
Incomes/savings

	
Electricity savings

	
0.1503 €∙kWh−1

	
[78]

	
50




	
Biomass fuel (wood chips) savings from thermal power production

	
90 €∙t−1

	
[79]

	
9.7
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Table 8. Calculated parameters for micro biogas power plant system.
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	Parameter
	Unit
	Value





	NPV
	€
	−235,000



	IRR
	%
	−17.74



	ROI
	%
	−34.98
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Table 9. Revenue scenarios related to the avoidance of fees related to the management and disposal of grass clippings.
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	Scenario
	Description





	W1
	Removal and management by a municipal external plant of 100% of grass clippings without mass reduction



	W2
	Removal and management by a municipal external plant of 100% of grass clippings after 25% mass reduction due to air-drying/decomposition



	W3
	Removal and management by a municipal external plant of 100% of grass clippings after 50% mass reduction due to air-drying/decomposition



	W4
	Removal and management by a municipal external plant of 50% of grass clippings after 25% mass reduction due to air-drying/decomposition



	W5
	Removal and management by a municipal external plant of 50% of grass clippings after 50% mass reduction due to air-drying/decomposition
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Table 10. Revenue scenarios related to the avoidance of fees related to use of digestate.






Table 10. Revenue scenarios related to the avoidance of fees related to use of digestate.





	Scenario
	Description





	D1
	Use 100% digestate at the golf course



	D2
	Use 75% digestate at the golf course



	D3
	Use 50% digestate at the golf course



	D4
	Use 25% digestate at the golf course



	D5
	Use 0% digestate at the golf course
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