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Abstract: The article presents a model for finding the most suitable locations for setting up micro-
biogas plants (<50 kW), which represent an efficient way of processing organic waste in small local
communities. The input parameters of the model, which was made with GIS tools, were the number
of farms and heads of large livestock with their locations, the number of food establishments and
their collected food waste and waste fat. We tested the case study model in the Gorenjska region in
Slovenia. The result of processing the input data in the model are four locations in three municipalities
Naklo 1, Naklo 2, Kranj and Cerklje. We evaluated the locations with economic indicators net present
value (NPV), internal rate of return (IRR) and discounted payback period (DPP). With sensitivity
analysis, we investigated the impact of increasing investment costs, decreasing energy prices and
different scenarios with adding corn silage to the anaerobic process. Location Naklo 1 has NPV
31,410.26 €, IRR 10.53% and DPP 22 years, Naklo 2 has NPV —58,808.91 € and DPP of more than
25 years, location Kranj has NPV 140,313.00 €, IRR 13.07% and DPP 16 years, location Cerklje has
NPV —43,026.82 € and DPP of more than 25 years.

Keywords: micro-biogas plant; biogas; food waste; energy communities; self-sufficient; communities;
agricultural waste; biogas plant economics; gis mapping

1. Introduction

For centuries, animal manure has been a traditional source of nutrients in agricul-
ture. However, due to an increase in the concentration of animal production in a lim-
ited geographic region, disposing of animal dung has recently become an issue for the
environment [1].

Manure management (in particular open storage) contributes significantly to green-
house gas emissions from agriculture, mostly in the form of methane and ammonia
emissions [2].

From a technical and financial standpoint, using slurry, manure and beddings from
cattle, pigs, horses, chickens and other animal breeds in combination with energy-rich
substrates like crops and other organic resources, such as biogas substrates, presents an
intriguing possibility. Other resources appropriate for anaerobic digestion include different
agricultural wastes (crops and vegetables), residues from the food processing sector, and
energy crops (maize silage, grass and similar materials) [3].

High-potential food waste can also be successfully digested anaerobically for the
creation of biogas [4].

Anaerobic co-digestion is the digestion of two or more complementary substrates at
the same time. This process speeds up the decomposition of organic matter and, as a result,
increases the yield of biogas and methane, producing a greater specific yield and higher
quality organic fertilizer [5].

The first stage in determining whether biogas-based power plants are feasible is to
properly estimate the biogas potential. The primary feedstock’s accessibility is crucial to this
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procedure. The quantity of livestock and poultry in a region, as well as the density of farms—
which may be dispersed widely or clustered in small areas—determine the availability of
manure feedstock in that region. In order to determine the regional availability of biogas
feedstock, it is essential to have information on the geographical distribution of livestock
and poultry [6].

Micro-biogas plants on small farms can offer a very effective solution for eliminating
problems with organic waste, effectively prevent the leakage of greenhouse gases into
the atmosphere and, at the same time, bring many other benefits to the investor. With
proper placement in the environment and appropriate handling, such projects do not have
negative impacts on the environment and people [7].

In the 27-nation European Union, the biogas-based primary energy output is increas-
ing. Production increased in 2019 (by 2.1% compared to 2018) and 2020 (by 4% year on
year), recovering after a modest decline in 2018 (by 0.3% between 2017 and 2018), to reach
14,716.1 ktoe in 2020. The majority of this output (80.2%) is methanation biogas made from
nonhazardous waste or unprocessed plant matter, which is higher than landfill biogas
(11.2%), sewage sludge gas (7.8%) and thermal biogas (0.8%). The output rise between
2019 and 2020 is the biggest since 2014, coming in at 569 ktoe. When compared to the
preceding 12-month period, France (160.5 ktoe), Germany (151 ktoe), Denmark (115.5 ktoe),
the Netherlands (59.5 ktoe) and Spain (32.4 ktoe) saw the largest gains. With the exception
of Germany (2%), all of these nations had a double-digit increase (29.2% for Denmark,
16.7% for the Netherlands, 16.5% for France, and 11.1% for Spain). Germany will account
for more than half of the biogas produced in the EU (7744.8 ktoe in 2020), which explains
why its output growth rate was lower. Methanation biogas from non-hazardous waste and
raw plant matter (the “other biogas” category), rather than landfill biogas (which increased
by 140.8 ktoe) and sewage sludge biogas (which increased by 21.1 ktoe), continues to be
the major contributor to the 427.1 ktoe increase in biogas production across the European
Union between 2019 and 2020 [8].

Until 2000, the production of biogas in Slovenia was mainly limited to landfill gas and
biogas from sewage sludge. After 2002, when the Regulation for the purchase of electricity
from qualified electricity producers [9] was adopted, the situation changed and the number
of biogas plants began to increase. The concept of building large biogas plants (more than
1 MW) soon proved to be completely wrong due to the lack of input substrates. It was
based on large quantities of input substrates, mainly in the form of corn, which grew on the
best agricultural land which was not intended for human or animal consumption. Biogas
production has decreased due to the financial collapse of larger biogas plants. In recent
years, interest in biogas production has been slowly increasing. Despite this, the trend of
biogas production from agricultural and other non-hazardous waste has been declining in
recent years [10].

Fragmentation, the small average size of Slovenian agricultural holdings and the
relatively small amount of land suitable for agricultural production are factors that must
play a decisive role in deciding on the location of biogas plants in such an environment.
In this context, the only reasonable size of biogas plants appears to be micro (<50 kW) or
small biogas plants (50 kW-1 MW) on a farm or in a community of several farms. This
is also supported by the new Act on promoting the use of renewable energy sources [11]
which very explicitly supports self-supply with electricity from renewable sources. Special
emphasis is placed on self-sufficient communities, which could significantly increase the
use of renewable energy sources and the variety of energy sources.

Numerous studies have evaluated the possibilities of biomass using GIS. Additionally,
the location of biomass has been located and the local economic costs of biomass usage and
bioenergy production have been assessed using GIS-based tools. The use and manipulation
of a significant amount of statistical data and geographically linked information is typically
necessary for resource mapping and analysis using GIS technologies [12,13].

This paper presents a model to support decision-making about the most suitable
location for setting up a micro-biogas plant in the Gorenjska region. With the GIS tools, we
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combined and intersected various spatial and quantitative data into a final display of the
most suitable locations according to various input parameters. We evaluated the locations
with economic indicators and tested several scenarios that would allow investment in less
suitable locations.

Our goal and main purpose was to create a model that can be adapted for use in other
regions of Slovenia by changing the input data and criteria. In addition to the specificity
of local agricultural production in a certain area, an important role is also played by the
local policy of organic waste management because waste should end its journey as close as
possible to the place of its origin.

The usefulness of the model is primarily due to the fact that, with input data and
criteria, it can be adapted to all indirect and direct external factors that are related to
the amount of organic waste suitable for the input substrate of a biogas plant. With the
additions in the model, we can add various new spatial data, which are connected to the
amount of organic substrates or agricultural land whose byproducts can represent one of
the input substrates for anaerobic decomposition into biogas.

This paper is composed as follows: first, we present the methodology (input data
and their combination into groups of interest). This is followed by the development of
a GIS-based model resulting in suitable locations for micro-biogas plant establishment.
Finally, the locations are evaluated with economic indicators (net present value, internal
rate of return and discounted payback period). Different scenarios are presented relating to
investment costs, energy price and substrate mixture. The main findings and suggestions
for further research conclude this article.

2. Materials and Methods

The interactivity of the model allows for the changing of the input parameters as well
as the degree of importance of each criterion. This ensures applicability also in other areas
and regions with new input data, which in our case is mainly related to the number of
LU (Livestock unit) and their secretions, the amount of organic waste and waste oils from
food establishments.

In our model, organic waste from food establishments is one of the most important
substrates for anaerobic digestion, so selecting them for input data was based on past
experience with large biogas plants and the environmental problem of collecting and
transporting organic waste in smaller regions of Slovenia. The fact is, that silage corn, in
addition to manure, cannot be the main co-substrate for anaerobic digestion. The average
size of Slovenian farms is 7 ha, so the arable land must be primarily intended for food
production. Silage corn would only be considered in smaller quantities, where it would
significantly increase the biogas production potential of the biogas plant in the input
mixture, but only on farms where there would be surplus crops or areas that could be used
for energy crops.

To find and select optimal locations, we used quantitative data related to the geograph-
ical distribution and spatial density of input substrates for biogas production. The input
data sets for the model are:

- Spatial: locations of farms with the number of LU and locations of food establishments
with amounts of organic waste and waste food fats.

- Energy: biogas potential of input substrates, produced amount of electricity and heat,
market price of electricity and heat.

- Economic: net present value, internal rate of return.

All data are from 2019 and refer to the Gorenjska region (Figure 1).

2.1. Spatial Data and Biogas Potential of Input Substrates

The Gorenjska region is largely hilly and has many areas that are less suitable or
completely unsuitable for agriculture.
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Figure 1. The studied area of the Gorenjska region.
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The share of agricultural land in Slovenia is 7.6 percent. According to the data we
obtained for 2019, there were 33.821 LU, 2546 tons of organic waste from food plants
and 339 tons of waste oils and fats from food plants in the Gorenjska region [14]. The
distribution of these amounts by the municipality is very different, and in terms of the
number of LU and agricultural areas, it is mainly related to the altitude of the farms, which
affects their size. Thus, the available plain agricultural areas are mainly located in the
central part of Gorenjska around Kranj and then south towards the municipality of Cerklje
na Gorenjskem and Sencur. In the north, the plain stretches towards the municipalities of
Naklo and Radovljica. Areas with a higher concentration of organic waste are connected to
tourist centers and larger towns, where the population is higher and, consequently, there
are also more food establishments (Table 1).

Table 1. Amounts of LU and waste by municipalities [15,16].

Organic Waste

Area of

Municipality LU from Food Agricultural Oils (al? d Fats

Establishments (kg) Land (m?) 8

Bled 847 414,707 1,372,769 26,143

Bohinj 1171 171,874 260,112 13,238
G((:)irelg]]sekz‘jn 4062 119,299 12,565,069 9320
Gorenja vas 3462 33,183 785,863 6986
Gorje 613 38,439 79,588 2847
Jesenice 441 181,731 107,717 8034
Jezersko 145 9324 9599 1433

Kranj 7879 560,330 17,579,729 105,925
Kranjska Gora 609 276,521 72,469 52,679
Naklo 1723 132,292 3,592,195 31,840
Preddvor 1004 20,699 1,405,685 1282
Radovljica 2242 274,588 3,660,511 36,975
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Table 1. Cont.

Organic Waste Area of Oils and Fats
Municipality LU fr'om Food Agricultu;'al (kg)
Establishments (kg) Land (m?)
Sencur 2545 76,818 10,512,076 4948
Skofja Loka 3840 110,680 7,940,120 14,938
Trzi¢ 800 50,559 1,551,629 7628
Zelezniki 1254 47,275 450,086 5491
Ziri 799 1036 145,937 3304
Zirovnica 384 17,607 995,849 6187
SUM: 33,821 2,546,862 63,087,003 339,198

For the spatial input data in the model, we chose:

- Locations of livestock farms with a number of LU, which represent a source of slurry
and manure as the basic substrate for the biogas plant. Goats and sheep are exempt
because they spend most of their time in pastures. We obtained the data from the
Agency for Agricultural Markets and Rural Development, where they have a database
of submitted summary applications for 2019 [15,16].

- Locations of food processing plants and their submitted amounts of food waste, oils
and fats for 2019. We obtained the data from the Slovenian Environment Agency [16].

- Layers of agricultural plants from collective applications (KMRS). We obtained the
data on the portal of the Ministry of Agriculture, Forestry and Food [17].

- Graphic display of municipal boundaries in the Gorenjska region. We obtained the
data on the site of the Ministry of the Environment and Spatial Planning [18].

The calorific value of biogas with an average methane value of 70% is 20 MJ/m?>. The
value depends on the composition of the biogas and the amount of methane, and ranges
from 20 to 25 MJ/m?, the energy value of methane is 35.8 MJ/m3 [19].

Theoretically, approximately 473,382 m? of biogas could be obtained from the total
amount of food waste and fats from the Gorenjska region, which means approximately
789 MWh of electricity. If we add to this the total amount of animal excrement, this
would mean about 29 GWh of electricity at 35% efficiency and 5% deduction to cover the
needs of the digester and about 32 GWh of net thermal energy at 65% efficiency and 35%
deduction for sanitizing and heating the fermenter. Of course, the actual situation in nature
is completely different. It is clear from the data that there is relatively little food waste
in the entire area of Gorenjska region and it is geographically very dispersed in relation
to tourist centers and population. The situation is no different with regard to livestock
farming and the distribution of farms. Most of the Gorenjska region area is hilly and
suitable only for grazing. There are many very small farms with a few head of livestock,
which are quite dispersed and without sources of additional waste in the vicinity. In some
municipalities (Bled, Bohinj, Kranjska Gora), due to increased tourist visits, there are more
food establishments (restaurants, hotels), and thus, more organic waste, but there are not
enough farms with a sufficient number of livestock in the vicinity or no farms at all.

Due to all the particularities, we decided to use the Qgis software, with which we
created a model for finding suitable clusters of farms with a sufficiently large number of
LU and food establishments in a small enough radius that the transportation of waste does
not represent a significant cost.

2.2. Livestock Unit, Food Waste, Waste Oils

The head of large livestock (LU) is a standard unit of measurement that enables the
grouping of different categories of animals to compare data from individual years and data
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from individual countries. The starting point for calculating the coefficients is 500 kg of
live weight of the animal [20].

According to the data of the Agency for Agricultural Markets and Rural Areas, in 2019
there were 2482 farms in Gorenjska region with 33,821 LU (Figure 2), of which 326 LU were
pigs and 204 LU were poultry. These are mostly cattle farms for the production of milk and
meat. In the calculations, we focused mainly on cattle, because the other farmed animals
(pigs and poultry) are negligible, so their number does not affect the final calculations. We
also did not consider sheep and goats because they spend most of the year in pastures. For
the total number of LU, we took into account the coefficients for calculating LU for different
animal ages and livestock methods [20]. We planned the entire amount of manure and
slurry for the biogas production because the digestate is a suitable fertilizer for agricultural
land and therefore the amount of fertilizers on the farm did not decrease.

<

SLOVENTA

[ S 3 15

Figure 2. Geographical distribution of livestock farms in Gorenjska region.

The amount of excrement that farmed animals excrete daily can be very different
depending on the age of the animal and the method of livestock. As a result, different
authors give different values. Zareei [21] states for a cow 35 kg of excrement per day,
while the authors [6] state a quantity of 53 kg/day for a dairy cow and 25 kg/day for
other cattle. The authors [22] state 37 kg/day for dairy cows and 22 kg/day for beef cattle.
The authors [23] state that cattle defecate 10-15 times a day, which means up to 50 kg of
secretions per day, or the amount depending on the intensity of livestock farming.

We used an average value of 37 kg/day in the calculations.

The biogas potential of cattle excrement is according to [24] 40 L of biogas/day
and between 23 and 40 L/kg of feces. The authors [25] state 45 L of biogas per 1 kg of
cow manure.

For the calculations, we used the value of 40 L of biogas per kg of cow excrement.

The biogas potential of organic food waste can vary greatly depending on its compo-
sition. In the calculations, we took the value of 70 L of biogas per 1 kg of waste, which is
stated by [26] although [25] gives a value of 100 L per 1 kg and [4] gives a value of 36.7 L
of biogas per 1 kg of waste. On the substrate list of the Agricultural Institute of Slovenia,
130 L of biogas per 1 kg of waste and 870 L of biogas per kg of fats from kitchens are stated
for household waste [27].

The amount of electricity that can be obtained from biogas is highly dependent on the
efficiency of the engine, which is around 35% and even more on the methane content in the
biogas. From 1 m® of biogas, depending on the efficiency, it is possible to obtain from 1.6 to
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1.9 kWh of electricity. The specific consumption of biogas with 60% methane content in
internal combustion engines is around 0.65 m3/kWh [27]. The authors [28] state similarly
in their research namely 0.6 m> of biogas for 1 kWh of electricity. In the calculation, we
used the value of 600 L of biogas for 1 kWh of electricity. The equations we used to convert
biogas into electrical and thermal energy [29]:

Eelec = (Qbio /felec) X fpl‘oc (1)

E¢lec—amount of electricity in kWh

Qpio—amount of biogas in liters

felec—conversion factor, amount of biogas to produce 1 kWh of electricity
fproc—conversion factor, the amount of electricity returned to the process

Qbio = (QLu + Qwaste + Qo) )

Qpio—the total amount of biogas in liters

QrLu—amount of biogas in liters per year from excrement
Qwaste—amount of biogas in liters per year from food waste
Qoii—amount of biogas in liters per year from waste food oils

QLu =Nru X Nman/ day X Nday ®3)

Ny y—the number of animal heads
Nman/day—amount of manure in kilograms per animal per day
Ngay—number of days

Qwaste = Nwaste X fwaste 4)

Nwaste—amount of food waste in kilograms
fwaste—conversion factor, amount of liters of biogas from 1 kg of food waste

Qoil = Noil X foil (5)

Nyj—amount of food waste fat and oils in kilograms
f,i—conversion factor, amount of liters of biogas from 1 kg of food waste fat and oils

In the process of converting biogas into electrical and thermal energy, we get approxi-
mately one-third of electrical energy and two-thirds of thermal energy [27]. We used the
following formula for the conversion into thermal energy:

Eheat = Eelec X feff (6)

Epeat—amount of thermal energy in kWh
fegf—conversion factor, the share of thermal energy in the total amount of energy produced.

2.3. Investment and Economic Indicators

The list of components of the micro-biogas plant, and especially their capacities in
relation to the amount of input substrates and prices, which were used to calculate the
economic indicators, were obtained from the company Omega air [30], which is the only
provider and manufacturer of micro modular biogas plants in Slovenia. In 2016, the
company installed a 7 kW teaching demonstration biogas unit at the Agricultural Institute
of Slovenia (Figure 3).

As a starting point, we took four sizes of biogas plants, namely 20 kW, 30 kW,
40 kW and 50 kW. The price of a 20 kW biogas unit including VAT is 260,000.00 €, 30 kW
325,000.00 €, 40 kW 364,000.00 € and 50 kW 404,000.00 € [31]. The life of the project is
planned for a period of 25 years, when technological obsolescence of the technology should
occur. We have planned 8000 operating hours per year for the biogas plants.
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Figure 3. Micro-biogas plant—Agricultural Institute of Slovenia [30].

The basis for the electricity purchase price is the 2019 price of 64.01 €/MWh, which is
prepared annually by The Energy Agency in the Slovenian energy market [32].

To the base price was added 82.9 € of operating support, 8.29 € of additional support
for the use of 15% of the heat share in the biogas input, 8.29 € (10%) for the use of more
than 30% of manure and slurry and an additional 16.58 € (20%) as operating support for all
installations up to 200 kW. Thus, we got a guaranteed purchase price of 180.07 €/MWh
(Table 2) [33].

Table 2. Subsidies in EUR [34].

Price up to 15 Years of Operation Bonus Own Financing

The price of energy 64.01 €
Operational support (OS) for 15 years (O3] 829¢€
Heat consgmptlon is more ’Fhan 15% of 10% OS 829 €

the input energy of biogas
More than 30% share of manure and slurry o

in the substrate for biogas production 10% OS 829€
Biogas plant of up to 200 kW 20% OS 16.58 €

Guaranteed purchase price 180.07 €

For the price of heat, we took into account the market price determined by The Energy
Agency in the Slovenian energy market, which for 2019 amounted to 105.42 € /MWh of
heat [34].

We used the following indicators for the economic assessment of the investment:

- Discounted Payback Period (DPP):

When opposed to a standard payback period, a discounted payback period also
considers the dynamics of the repayment and the value of money. To account for the
discounting process, the cash flows are decreased by their present value component. Future
discounted cash flows are net against the initial outflow when a sizable capital outflow to
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start the project is assumed. When inflows and outflows are equal, the discounted payback
period is calculated [35].

p_Y + abs(n)

DP @)

y = the period before the time that total cash flow becomes positive
p = discounted value of the cash flow during the time in which total cash flows are => 0
abs(n) = the absolute value of cumulative discounted cash flows during period y

- Discount Cash Flow (DCEF):

CF; CF, CF,

Per= (1+71)! - (1+41)? " (1+1)"

®)

CF; = The cash flow for year one

CF, = The cash flow for year two

CFp = The cash flow in individual years
r = The discount rate

- Net present value (NPV):

The difference between the total discounted net cash flows throughout the course of
the project’s life is known as the net present value (NPV), and it serves as the fundamental
criterion for financial decision-making in general [36].

CF,
(141)

NPV =37 —1 )

CF = Net cash inflow—outflows during a single period t

i = Discount rate or return that could be earned in alternative investments
t = Number of time periods

I = investment

- Internal rate of return (IRR):

The IRR, or internal rate of return, is the discount rate that lowers the project’s net
cash flows to the investment’s value during the course of the project’s implementation. It is
the pace at which an investment in the project is profitable [36].

IRR=NPV=Y, ( S =0 (10)

1+1)

T = total number of time periods

t = time period

Ct = net cash inflow-outflows during a single period t
Cp = baseline cash inflow-outflows

r = discount rate

- Sensitivity Analysis

The goal of the sensitivity analysis is to identify the critical factors that influence project
costs, investigate the effects of likely negative changes in these critical factors, determine
whether negative changes will have an impact on project decisions and identify potential
mitigation strategies [37].

2.4. Model

The values of the input parameters affecting the size, number and location of clusters
of farms and food plants with different biogas potentials can be changed arbitrarily in the
model according to the amount of available substrates. The model was created using the
open-source application Qgis (Figure 4).
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Figure 4. Flowchart and sets of input data in the model.

We have added the locations and quantities of collected food waste and waste food

oils to the LU clusters as suitable locations for micro-biogas plants (Figure 4).

By determining the influence zone around suitable LU aggregates, which in our case
was 350 m (Figure 5), we eliminated all aggregate locations that are free of waste or waste
oils, and for the rest, we obtained the total amount of all input substrates in the aggregate

(Figure 6).

Figure 5. Potentially clusters of LU.
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Figure 6. Food waste, waste oil and LU clusters.

The weights we chose for the potential locations searched in our case are:

- There are farms in the locations that have more than 20 LU.

- The maximum number of farms in each location is 7.

- The total number of LU at the location is between 300 and 500.

- The distance between the farms on the location is up to 350 m.

- The influential zone for food plants around the location is 350 m.

3. Results
3.1. Locations and Characteristics
After running the model with all input layers, data and filters set, we got four locations.

Two are in the municipality of Naklo, one in Kranj and one in Cerklje na Gorenjskem
(Figure 7).
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Figure 7. Selected final locations (Red dots-waste and oils, Black dots-Farms with number of LU).

Although areas with a relatively high density of waste and LU (red and black points)
are visible on the map, they do not represent a large enough potential for setting up a
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small biogas plant in the size of interesting areas that we determined with the filters. By
changing any parameter for the areas of interest, we would get a completely different
picture and different locations or even no appropriate location according to the density of
biogas potential in that area (Table 3).

Table 3. Locations data.

Location Number  Location The Length  Extent of Waste Total Total Heat
Municipality Name of Farms  Area (km?) of the Area (ke) LU Oils (kg)  Electricity Energy
Area (km) (km) 8 (MWh) (MWh)
Naklo Naklo 1 7 2.7 2.15 6 2094 374 4220 343 350
Naklo Naklo2 6 2.8 2.03 6.1 89,952 309 16,292 312 318
Kranj Kranj 5 3.3 2.4 6.7 44,715 453 2820 417 425
Cerldje na Cerklje 5 2.1 1.76 5.1 12,797 348 2120 318 324
Gorenjskem
3.2. Location Naklo 1
The location includes 7 farms in an area of 2.15 km?, its length is 2.15 km, which is
related to the density of farms in the area (Table 4).
Table 4. Financial calculation of the locations.
Locations: Naklo 1 Naklo 2 Kranj Cerkl.] ena
Gorenjskem
INVESTMENT 364,000 € 364,000 € 404,000 € 364,000 €
I TOTAI(HEE;;ENUE 2,829,771.52 € 2,518,862.13 € 3,279,384.02 € 2,555,996.12 €
RENEVUE FROM
1 PRODUCTION 2,465,771.52 € 2,154,862.13 € 2,875,384.02 € 2,191,996.12 €
1.1. Sale of electricity 1,544,496.25 € 1,405,990.16 € 1,876,111.52 € 1,430,219.11 €
1.2. Sale of thermal energy 921,275.27 € 838,657.89 € 1,119,080.18 € 853,110.19 €
RENEVUE FROM
2 FINANCING 364,000.00 € 364,000.00 € 404,000.00 € 364,000.00 €
1L TOTAIE;_?E)E NSES 1,786,293.63 € 1,758,713.98 € 2,014,825.62 € 1,763,538.50 €
INVESTMENT +
3 MAINTENANCE 455,000.00 € 455,000.00 € 505,000.00 € 455,000.00 €
4 BUSINESS EXPENSES 1,331,293.63 € 1,303,713.98 € 1,509,825.62 € 1,308,538.50 €
4.1. Operating costs 568,750.00 € 568,750.00 € 631,250.00 € 568,750.00 €
42. Own use of 77,224.81 € 70,299.51 € 93,805.58 € 71,510.96 €
electricity energy
43 Own use of 230,318.82 € 209,664.47 € 279,770.04 € 213,277.55 €
termal energy
44 Insurance 455,000.00 € 455,000.00 € 505,000.00 € 455,000.00 €
III. Net total return 1,043,477.89 € 849,934.07 € 1,384,366.07 € 883,790.79 €

Namely, the model combines farms as long as there is a certain distance between
them, in our case 350 m. When there are no more neighbouring farms in this range, the
area is rounded. There is only one plant with food waste and three with collected oils.
Nevertheless, due to the relatively large number of LU, it has quite a good potential.
Considering the potential of the input substrates and 8000 operating hours per year, a
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40 kW generator of electricity would be considered. The investment in such a biogas plant
would be 364,000.00 € [31].

The financial indicators (Table 5) indicate the acceptability of the investment, even if
it is marginal. When expenses or investment costs increase, the NPV (Net present value)
is negative. Under normal conditions, at a 7% discount rate, the net present value (NPV)
is 31,410.26 € and the internal rate of return (IRR) is 10.53%. The discounted period of
return (DPP) is 22 years. With an increase in the price of the investment by 10%, the NPV is
66,055.00 € and the DPP is more than 25 years (Figure 8). The situation is similar when costs
increase by 10%; in that case, the NPV is —34,889.00 €. However, when revenues increase
by 10%, the IRR rises to 13.59% and the DPP decreases to 15 years (Figure 8). We rate the
location as acceptable.

Table 5. Financial indicators for location Naklo 1.

Normal Conditions,

Indicators 79 Discounted Rate Investment +10% Revenue +10% Expenses +10%
NPV 31,410.26 € —66,053.07 146,350.55 —34,889.01
IRR 10.53% - 13.59% -
DPP 22 years more than 25 years 15 years more than 25 years

Returns and discounted period of return
100,000.00

0.00

N
w .
A~
v

i 5f8f88pppunngnngij
6 7 8

9 10 11 12 13 14 15 16 17-18719 20 21 22 23 24 25 26
-100,000.00

-200,000.00
-300,000.00
-400,000.00

-500,000.00

m Net total return Net present value of returns 7% Discounted period of return

Figure 8. Economic indicators of location Naklo 1.

3.3. Location Naklo 2

The location includes six farms and is similar in size to the previous one. The potential
of the substrates is different, as the number of LU is lower, but there are more food waste
and waste oils.

There are seven plants with food waste and six with collected waste oils. Considering
the potential of the input substrates and 8000 operating hours per year [13], a 40 kW
generator would be considered. The investment would be 364,000.00 € [31], the same as in
the first case [31].

Financial indicators (Table 6) show that the investment is not acceptable as the NPV is
negative and the DPP is more than 25 years. Only in the case of a 10% increase in revenue
do we get a positive NPV of 45,823.23 €, an IRR of 10.92% and a 20-year DPP (Figure 9).

The biogas potential of the location and its acceptability could be improved with an
additional substrate. We can see in Table 7 how the economic indicators change when
adding different amounts of corn silage from different sized areas, 1 ha, 2 ha, 3 ha and 5 ha.
The average yield of corn silage per hectare in the Gorenjska region from 2016 to 2021 was
52.6 tons/ha [38].
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Table 6. Financial indicators for Naklo 2.

Normal Conditions,

3 o, o, o,
Indicators 7% Discounted Rate Investment +10% Revenue +10% Expenses +10%
NPV —58,808.91 € —156,272.23 € 45,823.87 € —119,580.66 €
IRR - - 10.92% -
DrP more than 25 years more than 25 years 20 years more than 25 years
Returns and discounted period of return
400,000.00
200,000.00
0.00
-200,000.00
-400,000.00
-600,000.00
mm Net total return —— Net present value of returns 7% Discounted period of return
Figure 9. Economic indicators of location Naklo 2.
Table 7. Different scenarios of adding corn silage for location Naklo 2.
Indicators +1 ha of Silage Corn +2 ha of Silage Corn +3 ha of Silage Corn +5 ha of Silage Corn
(52.6 tons) (105.2 tons) (157.8 tons) (263 tons)
NPV —11,251.57 36,305.76 83,863.10 744,919.34
IRR 9.34% 10.66% 11.95% 14.43%
Drp more than 25 years 21 years 18 years 14 years
With the addition of 105.2 tons of corn silage, which is a yield of 2 ha, the NPV is positive and
the DPP is 21 years. With the addition of 263 tons of corn silage (5 ha) the indicators show a high
level of investment acceptance NPV is 744,919.34 €, IRR is 14.43% and DPP of 14 years (Table 7).
3.4. Location Kranj
The location includes five farms, its area is 3.3 km?, and the length of the area is 2.4 km.
There are six plants with food waste and seven with collected waste oils.
The financial indicators (Table 8) show the acceptability of the investment, as the NPV is
140,313.00 €, the IRR is 13,07% and the DPP is 16 years. If the investment price increases by 10%,
the IRR would be 10,39%, and the DPP would increase to 22 years at an NPV of 32,139.42 €.
Slightly better indicators would be obtained with an increase in expenses by 10%. NPV would
be 65,225.45 €, IRR 11.27% and DPP 19 years. If the income increases by 10%, the DPP would
decrease to 11 years. The indicators confirm the acceptability of the location (Figure 10).
Table 8. Financial indicators for the location Kran;.
. Normal Conditions, o o o
Indicators 79 Discounted Rate Investment +10% Revenue +10% Expenses +10%
NPV 140,313.00 € 32,139.42 € 279,931.87 € 65,225.45 €
IRR 13.07% 10.39% 16.29% 11.27%

Drp 16 years 22 years 11 years 19 years
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Returns and discounted period of return

200,000.00
100,000.00
0.00
-100,000.00
-200,000.00
-300,000.00

-400,000.00

-500,000.00
-600,000.00

mm Net total return —— Net present value of returns 7% —— Discounted period of return

Figure 10. Economic indicators of location Kranj.

3.5. Location Cerklje

The location includes 5 farms, but it is slightly smaller than the previous ones, its area
is 2.1 km? and its length is 1.76 km. The potential of input substrates is slightly worse, as
there are 3 plants with food waste and 2 with collected waste oils

Considering the potential of the input substrates and 8000 operating hours per
year [13], a 38 kW generator would be considered. The investment in such a biogas
plant would be 364,000.00 euros [31].

The financial indicators (Table 9) show the unacceptability of the investment, as the
NPV is 43,026.82 € and the DPP is more than 25 years. Only a 10% increase in incomes
would raise the NPV to 63,409.05 € and the IRR to 11.40% (Figure 11).

Table 9. Financial indicators for the location Cerklje.

Normal Conditions,

Indicators 7% Discounted Rate Investment +10% Revenue +10% Expenses +10%
NPV —43,026.82 € —140,490.15 € 63,409.05 € —99,729.56 €
IRR - - 11.40% -
DPP more than 25 years more than 25 years 19 years more than 25 years

Returns and discounted period of return
300,000.00

200,000.00

100,000.00

0.00

FrrrrirEis i tESEEEEEN
e 234567 8091 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
-200,000.00
-300,000.00
-400,000.00
-500,000.00

= Net total return —— Net present value of returns 7% —— Discounted period of return

Figure 11. Economic indicators of location Cerklje.
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Adding corn silage would achieve positive indicators and a DPP of 25 years at 52.6 tons
(1 ha). With five hectares of corn, the DPP would be reduced to 13 years and the IRR raised
to 14.84% (Table 10).

Table 10. Different scenarios of adding corn silage for location Cerklje.

Indicators

+1 ha of Silage Corn +2 ha of Silage Corn +3 ha of Silage Corn +5 ha of Silage Corn

(52.6 tons) (105.2 tons) (157.8 tons) (263 tons)
NPV 4530.51 52,087.85 99,645.18 194,759.85
IRR 9.78% 11.09% 12.37% 14.84%
Drp 25 years 20 years 17 years 13 years

4. Discussion

EU countries are committed to solving climate change problems with very bold goals
by 2030 [39]. The main purpose is, of course, the reduction in greenhouse emissions in
all areas. A lot of attention is paid to promoting the use of renewable energy sources in
order to achieve a significant reduction in the use of fossil fuels. In Slovenia, among other
things, in 2021, we adopted the Act on the Promotion of the Use of Renewable Energy
Sources (RES). It is very clearly defined that the share of RES must increase above the
current 25% share, and what is very important, the production of electricity, gas and heat
from renewable energy sources, as well as the construction and acquisition of buildings
and land, which are necessary for this, are in a public benefit [40].

The fact is, that the climate goals will not be achieved only with generally established
technologies, but it is also necessary to solve energy challenges with less widespread
technologies, which mainly solve environmental problems on a micro level and do not
always bring enormous and quick profits. This category definitely includes micro-biogas
plants, which are, by far, the most useful technology for the Slovenian environment for
solving the problem of large dispersion of organic waste and livestock farms. Agriculture
and the modern way of life are areas with a large amount of organic waste, which represent
a problem that all countries face. Due to its geographical position, rugged terrain, numerous
protected areas and relatively small farms, Slovenia is specific in terms of agriculture.

The Act on the promoting of the use of renewable energy sources [40] very clearly
defines biomass as biodegradable parts of products, waste and residues of biological
origin from agriculture, which can be the basis for the production of biogas. In addition,
several articles encourage self-sufficient energy communities and reduce administrative
requirements for their establishment and operation.

The model that we have developed directly addresses this topic, as it allows a very
precise selection of suitable locations for the creation of energy communities with the
installation of micro-biogas plants, based on the characteristics of a certain environment,
the availability of input substrates, and especially local environmental policy. At the same
time, the model also offers a good solution for food waste, which, as the input substrate of
a micro-biogas plant, ends its journey near its origin.

The Act on the Ordinance on the Management of Biodegradable Kitchen Waste and
Green Garden Waste [41] and the Act on the Management of Waste Edible Oils and Fats [42]
mandate the mandatory removal of organic waste from food establishments, where they
regularly prepare more than 10 meals a day [43] and the removal of waste cooking oils
and fats that are produced in kitchens during their food activities. Removal is carried
out by companies authorized by the Ministry of the Environment and Spatial Planning.
Since it is a commercial market activity, the competition between authorized companies is
relatively high, so food plants choose the company to take away their food waste based
on the prices and offers. The environmental aspect is completely neglected because this
waste is transported by various companies to completely different parts of Slovenia or even
transported and sold abroad [44]. The carbon and environmental footprint of such behavior
are large and unacceptable in the long term. Sooner or later, the state will have to regulate
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such practices in such a way that organic waste is processed as close as possible to the
place of its origin. The model we present effectively solves this problem, as it assumes that
most of the regional organic waste ends up in regional micro-biogas plants, in which the
main input substrate is still manure and slurry from livestock farms. The model can help
decision-makers in the field of environmental policy and the placement of biogas plants in
local communities.

At the same time, it should be noted that today GIS-mapping methods are often
used to assess the energy or biogas potential of a certain area due to very powerful GIS
applications. Due to the specificity of different countries and input data, researchers’
approaches are very different. Several studies examined the possibilities for biogas at
various scales and geographies using GIS techniques. A GIS-based tool has been created
by Monforti et al. [45] to examine the spatial distribution of agricultural residue potential
and to estimate prospective locations for bioenergy plant locations in the European Union.
Two key computational procedures formed the basis of the evaluation. Using a number of
auxiliary geospatial layers that describe land cover, expected biomass productivity derived
from soil parameters, climatic zones and topographical conditions, the amount of crop
residues resulting from statistical assessment have been spatially allocated on the EU-27
territory in the first step. The second phase involved estimating the number of model power
plants using two distinct allocation algorithms, each of which implied a different level of
optimization. The findings indicate that the EU-27’s anticipated crop residual resources
could fuel around 850 plants. In the Canadian province of Alberta, Sultana and Kumar [46]
devised a system for determining the appropriate sites, ideal sizes and number of biomass-
based facilities as well as the price of wood pellet production, taking into account the
road network and various environmental restrictions. To create a land suitability model,
several restrictions and environmental conditions for situating biomass-based facilities
are studied. Thirteen plants could be built in the province of Alberta, according to the
location-allocation model. In order to estimate the biogas potential of livestock manure at
the national and regional levels in Greece, Batzias et al. [47] created a GIS-based tool. All
significant stock-raising animal species (cattle, pigs, sheep/goats, poultry, etc.) had their
livestock leftovers examined for their energy and biogas potential. The computations were
made using geographic and temporal information about Greece. The population of animal
groupings, byproduct variables, availability factors, and energy considerations were typical
examples of input data. Manure production, energy availability, and the amount of biogas
were all outputs. Additionally, based on previous and present trends, the application can
predict all sorts of outputs throughout time.

Ma et al. GIS model [48] for assessing the feasibility of land for future energy systems
that include anaerobic digesters combined with an energy generator was proposed. In
order to find the best locations for deploying these devices, a number of environmental,
social and economic limitations are included in the model. Then, as a case study for the
model’s demonstration, Tompkins County, New York is used. To pinpoint the regions best
suited for distributed bioenergy systems employing dairy manure, a siting suitability map
was created. The findings demonstrated that this GIS-based model was able to provide
a broad-scale and multidimensional view of the possible growth of bioenergy systems
in the area of research while also taking into account social and environmental limits in
addition to economic concerns. The model can be adjusted to assess different biomass
resources. Thompson et al. [49] identified prospective sites for anaerobic digestion plants
using dairy manure in a county in Vermont, the US, and developed ideal sites for a number
of biogas plants. In the Kujawsko-Pomorskie Voivodeship of Poland, Sliz-Szkliniarz and
Vogt [50] utilized a GIS model to identify the best locations for anaerobic digestion facilities
using a combination of energy crops and animal manure from cattle and pigs. The authors
also conducted a techno-economic analysis of the possibilities for injecting biogas into the
current gas grid network as well as the production of power and biomethane.

Lovrak et al. [51] used GIS mapping to assess Croatia’s biogas potential by taking
into account the seasonal amount of agricultural production residues and municipal waste.
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The assessment of the biogas potential of plant residues, which have a distinctly seasonal
character due to crop rotation, would also come into consideration in our model in further
research. In the model, we overlaid the map of the model locations with data on the
use of agricultural land and obtained a map of agricultural plants and their areas in
the model locations for that season. The originality of our model is in the limitations
resulting from environmental (protected areas), geographical (hilliness, fragmentation),
social (small communities, traditional livestock production on corn silage, tourism) and
spatial (population and fragmentation of local communities) characteristics of Slovenia.
The model is limited by:

- the size of the biogas plant, which does not exceed 50 kW, which is related to the
fragmentation and size of agricultural holdings and agricultural areas;

- a small number of farms in the area of the model locations, which is associated
with a lower burden on the environment, negligible transport costs and a minimal
carbon footprint;

- the number of food plants in the area of the model locations, which is related to
population, development and tourism in a certain area;

- input substrates that meet the environmental requirements for spreading digestate on
agricultural land [52].

As demonstrated in the presented case studies, small biogas plants can be economically
feasible under assumed technological and economic parameters. Furthermore, with the use
of the model, they can be setup in areas with sufficient quantities of raw material and this
way avoid problems that some of the larger biogas plants experienced due to insufficient
quantities of input materials [53].

Further research should also include the impact of climate change on agriculture. In
2014, the Agricultural Institute of Slovenia produced a regionalization map of Slovenia [54]
with detailed defined areas intended for the cultivation of corn, which are and will be
subject to permanent and increasingly destructive droughts. Since corn in Slovenia is
primarily intended for feeding livestock, regionalization resulted in precisely defined areas
where livestock farming will be endangered in the future. This will be very important
information for our model, as these areas will be less suitable for biogas plants in the future
due to the reduction in the amount of input substrates.

On the basis of European environmental directives, the government adopts laws but
operationally they are realized and implemented by municipal administrations with their
decisions in the local environment. The model will be of great help to decision-makers. It
will support the local municipal administrations in the adoption of local environmental
policy, which must, among other things, encourage energy self-sufficiency and the establish-
ment of energy communities. The selection of suitable locations for micro-biogas plants in
rural communities is a sensitive topic that also affects the field of spatial planning, and we
believe that the model will be able to facilitate many decisions. Furthermore, micro-biogas
plants can play an important role in the coming energy crisis and they can also contribute
to the area of waste management and reduce livestock methane emission. They can also
play heating as the thermal energy is their product besides methane and can be used for
heating farm facilities or even smaller local communities [55,56]. Based on the findings
that micro-biogas plants can be economically feasible and due to the problems with larger
plants in the area of source material, we propose the following policy recommendations:
(1) planning and implementation of micro-biogas plants should be done on the basis of
detailed analysis of source material availability and (2) they should be supported in the
context of public policy since they contribute to solving of environmental (manure and
waste) as well as energy problems.

5. Conclusions

The paper presents a model for finding and evaluating suitable locations for setting up
a micro-biogas plant with a power of up to 50 kW. The model is based on the GIS mapping
of various quantitative data of livestock farms and food plants in the Gorenjska region. In
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terms of input substrates, we focused on waste from agriculture and food plants, which, in
the form of digestate, are suitable for spreading on agricultural land. We limited the search
for locations by the number of farms and food plants in a 350 m zone around the location.
With this, we indirectly covered flat areas that are more suitable for agricultural activity and
areas with greater population and development, which are reflected in a higher density of
food plants. There are quite a few tourist centres in Gorenjska region (Bled, Kranjska Gora),
which are frequently visited and have many restaurants and accommodation facilities,
in which quite a lot of food waste is produced. Nevertheless, they were not reflected in
the model because of the fragmentation and the size of farms in these areas. However,
by adjusting the restriction criteria, we could reach locations in these areas as well but
with different characteristics that affect the economics of the location. We checked the
operation of the model and its selection of locations with different scenarios and economic
calculations. We take into account some unexpected events such as an increase in the price
of the investment or a decrease in the price of energy. The calculations showed that locations
with the right combination of the density of livestock farms and food plants are suitable for
investing in micro-biogas plants. For less suitable locations with too low biogas potential,
we played out different scenarios of adding corn silage in different proportions, which
showed the necessary amounts of substrates and the breaking points at which investments
in the installation would pay off. The usefulness of the model also lies in the fact that in
the future we can add new input data in the form of substrates, such as plant residues
from agricultural production and various energy plants or spatial and infrastructural data,
which play an important role in spatial planning. By changing the input data, we also
indirectly change the economic indicators for an individual location, which enables the
optimization of the selection.
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