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Abstract: Biological drying (biodrying) is one of the mettsdf biological processing of waste, used mainly as
part of the mechanical biological treatment of ndixaunicipal waste. Biological drying uses the hed¢ased
during the decomposition of organic matter to redile amount of water in dried waste. The aim efahalyses
was to provide a microbiological and energetic ljf@ssessment of the process of biodrying of adiéva fuel
(RDF) obtained by mechanical sorting of mixed migatwaste. The resulting alternative fuel (obtdiméth just
sorting) is characterised by varied moisture canser the presence of diverse groups of microosgasi The
analyses were intended to assess 3 alternativeod®et biodrying of alternative fuel in order tmguce a stable
end product for utility power generation and theneat industry. The analyses were performed usirgiap
bioreactors equipped with custom (innovative) fiséd bed, aeration system (air flow rate 560 %), effluents
drain systems, post-process air offtake and 4 teshyre sensors. The assessment of the impact @ntipéoyed
bed aeration methods on the quality of the altéredtiel was performed in 3 repetitions with thensaexternal
parameters. The obtained results show that aftky8 of biodrying, in the most favourable optidre moisture
content in the fuel was reduced to the level o7 48.i.e. by 39%, the resulting fuel was microbiatadly stable
and the calorific value of the fuel was increasedieerage by 3.2 MJ - Kg
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Introduction

The production of alternative fuels is a well knownd often used method of
processing mixed municipal solid waste (MSW). Thel$§ (SRF) are produced from
waste by means of mechanical sorting with sepagaterg. drum, optical, ballistic,
pneumatic, magnetic) and shredders [1, 2]. Diffetechnological processes are normally
adopted to produce SRF. The methods based on bigdhe mixed municipal waste and
separating combustible waste fractions are inanghsipopular in Europe. The final fuel
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is usually used for energy production in utilityymr generation plants or cement plants in
bulk (loose) or agglomerated form (pellets). Thel fabtained from mixed municipal solid
waste should conform to appropriate quality statdislan order to ensure environment
protection [3]. The key properties of alternativeelf deciding on its suitability for
incineration in cement kilns are: calorific value1¢ MJ - kg™%), moisture content
(< 15%), content of chlorine (< 0.8%), sulphur ($%) and ash (< 15%), PCB content
(< 50 mg- kg™?), heavy metals content (< 2500 mg™) [4]. Due to the heterogeneous
morphological composition of municipal waste (degiag on multiple factors),
compliance with the aforementioned standards maylifieult. In the case of mixed
municipal waste the separation of the so-calledlagstible fraction in itself does not yet
predestine it for use in the power industry [5]eThkey factor influencing the quality of
refuse-derived fuel is its moisture content anddbmetent of organic substance [2, 5, 6],
fostering the growth of microorganisms. It is caldio seek effective methods of fuel
drying that are low in cost and material demandyriter to achieve the optimum calorific
value of the end product together with the reductibthe process duration and electricity
consumption. Biological drying, based on the ndtuiacrease in temperature
(self-heating) of the stored fuel can be employedhat effect. There are even known
cases of self-combustion of alternative fuel durghgrage [7, 8]. Hogland and Marques
[9] described self-combustions incidents for fuelrsd in piles even after 6 months from
the date of fuel production. The increase in thenperature is a result of the
decomposition of organic matter by microorganismesent in the fuel, due to the optimal
growth conditions, i.e. large volume of free spacsignificant degree of material
refinement and the contents of organic matter fraiced municipal solid waste.

Biological drying is an autothermic (self-heatingocess, using heat generated by
organic matter decomposition for drying. The sa&ting of waste in the result of the
decomposition of the biodegradable fraction ofdahganic matters. Biodrying leads to the
decrease in moisture content with simultaneousepvasion (or increase) of the calorific
value, resulting in the production of a stable,idsdbel [10] with reduced moisture
content, characterised by the termination of bimialgdegradation [11-14]. Biodrying is
usually viewed as the process of biological praogssf mixed municipal solid waste
before sorting in mechanical-biological processiggtems [11, 12, 15-18], however it is
rarely seen as the process of increasing the guaktorific value and microbiological
stability) of the final fuel. It is not to be fortjen that mixed municipal solid waste is
a mixture of many types of waste, including orgafgoeen, cooking, paper, cardboard,
etc.), part of which, independently of the preaisif the sorting process travels to the
alternative fuel and lowers its energetic propertiehis means that the materials used to
produce the RDF and the alternative fuel itselfncairpose a microbiological threat to the
persons employed in the production process. Thtkdsreason why the analysis of the
number and species composition of the microorgamidound in the SRF is very
interesting, for informative purposes.

Microorganisms can influence the properties ofratiive fuel but also be a source
of threat for persons employed in the productiarcpss. Analyses of the microbiological
contamination of air, water and soil in municipdbjexts (sewage treatment plants,
landfills, composting plants) and in their immediaurroundings are performed [19-24].
Studies concerning the number of microorganismsaliernative fuel (RDF) produced
from municipal solid waste are still not numero@$,[26]. Pathogenic microorganisms
are often found in abundance in municipal wasteagi® locations, resulting in a health
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risk for persons employed in their segregation edtment. Sakka et al. [26] studied the
species composition of the population of microorgiaas found in alternative fuel. Using
molecular biology methods, based on the analysithefsequence of 16S rRNA, they
found: Clostridium spp.,Bacillus spp.,Paenibacillus spp., Thermoanaerobacterium spp.,
Pseudoxanthomonas spp., Sphingobacterium spp. as well asStreptomyces spp.
actinobacteria.

The main purpose of this study was to determinecti@nges in the technological
properties of alternative fuel (produced with sugji by subjecting it to the biological
drying process using 3 different aeration methodi&h particular attention to the
energetic properties and the number and speciepasition of microorganisms found in
the fuel (RDF). Furthermore, a bioreactor with amavative bed was used for the
biodrying process in the study. The innovativerase solution should yield better final
parameters of the fuel (improved technological prtips), such as moisture content and
calorific value and should enable the sanitisatibprocessed waste.

Materials and methods

Analysis material and location

The material for analysis was alternative fuel maet from mixed municipal solid
waste collected in the area of Krakow. Samplesafalysis were collected in the MIKI
Recykling Sp. z 0.0. company in Krakow. The compamns a mechanical-biological
municipal waste processing unit as well as an radiere fuel production system. The
produced alternative fuel is usually stored in fiien of aerated prisms with rectangular
base (6 x 10 metres) and the height of up to 3eaefrom which the samples for analysis
were collected. Figure 1 is a schematic representaf the technological process. Table
1 contains a list of the most important parametérthe fuel made from municipal waste
in the company - analysis material.

Table 1
Morphological and chemical composition of the altgive fuel after biodrying
No. Parameter Unit Mean +SD Research standard Analytidaunit
5 Plastics [%] 65.6 +5.1
E= Organic waste [%] 3.6 +1.0
<3 Wood [%] 3.9 +0.7
g Paper 0%l 113 2.7 Manual analysis
i 0,
= Textiles [%] 2.9 1.6 | pN715006:1993 |  using the WLC
1 S Glass [%] 0.2 +0.1 57 6/E1/K -
g Metal %] 03 0.2 [27] precision
9 - : = balance
o Composite waste [%] 3.5 +0.9
[=3 Inert waste [%] 2.2 +2.3
S Undersize )
fraction <2 mm| (%] 6.6 28
2. Total carbon content (C) [%] 46.53 +0.1% . ELTRA CHS 580
3. Nitrogen content (N) [%] 1.25 +0.15 PN'EN[]Z'E?W'ZOM ELTRA N 580
4. Hydrogen content (H) [%] 6.32 +0.65| ELTRA CH)5¢
5. Sulphur content (S) [%] 0.09 +0.02 PN'G'?;E;?M:ZOM ELTRA CHS 580
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Fig. 1. Schematic technological diagram

The process of the biological drying of waste waplemented in bioreactors with
the total capacity of 36 frand working capacity of 31.5%2.1 m width, 6.5 m length
and 2.3 m height). The remaining volume of the daator is the area under the fluidised
bed (Fig. 2), used for the introduction of air arallection of effluents. The bioreactors
were based on hook containers, which allow thaiediloading onto a special vehicle
(hooklift truck) and measuring mass loss in the semutive days of the cycle (on
a legalised weighbridge). The bioreactors weremzpd with an inspection opening used
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to collect samples for laboratory testing. Humidstgorocess air was transported to the
biological filter. Aeration of the bed in each diet bioreactors was provided using a fan
with the nominal power rating of 0.55 kW. The asidywas provided to a technical scale.
Each of the bioreactors had a thermal insulatiorerla(polystyrene foam) with the
thickness of 10 cm.

Typical bioreactors for waste biodrying use bedslenaf a plate with drilled holes of
different diameters. The innovativeness of the tsmuused in the study was that to use
six injectors (0.05 m width, 6.5 m length and Omfideight) laid along the whole bed and
connected with a flat bar in the bed (Fig. 2). Eatthe injectors had half-circle openings
(r = 0.025 m) at both sides. The total area of thenoms in all 6 injectors was equal to
ca. 7% of the total area of the bed [30]. This sotuprovides better air distribution in the
dried material and reduces the possibility of ciagghe openings with waste.
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Fig. 2. Fluidised bed of the bioreactor - diagram 6ide view, B - front view) [30]

Process parameters

The biodrying process was implemented simultangausB bioreactors. Each of the
bioreactors had different aeration and internal peerature regulation parameters.
Different methods were employed in order to assews select the optimal method.
Process temperature was monitored automaticallygutiee two-metre PT 100 probes
inserted from the top (through the roof the of t@reactor) in 3 different points of the
bioreactor, i.e. in the central part, 2 metres friva air inlet and 2 metres from the
bioreactor wall with air outlet. Furthermore, thenldent temperature and outlet air
temperature were measured. The process controtgimoglso recorded airflow data. The
mass of the waste processed in bioreactors wasuneebduring the course of the process
using a legalised weighbridge.

In the first research variant (K4 bioreactor), up@aching the temperature of
65°C, the aeration control program (ARSoft) swittla the fan which provided fresh air
for the whole time (fan rate: 1000°mh™). In the second variant (K5 bioreactor), upon
reaching the dried mass temperature of 65°C, thatiae control program switched on
the fan which provided fresh air until the temperatdecreased by 1°C. The program
started the fan again after reaching the charg@desture of 65°C. In the third variant
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(K6 bioreactor), the mass was not aerated in daldetermine the actual effect of process
temperature on microorganisms found in the altéredtiel. In all three cases, the process
was stopped after 8 days. Velis et al. [31] refiwat the optimal time for biological drying
is from 7 to 15 days. The average daily outsideeamperature was 15.5°C.

Various optimal temperature ranges have been megdrt the literature, namely
55-70°C [32]; 50-60°C [33] and ca. 65°C [34]. Tlenperature of 65°C was selected in
order to destroy the pathogenic microorganism$iéndrying process in order to prevent
repeated self-heating of the dried mass. Theseooriganisms die in the temperature of
60-65°C.

Sample collection and microbiological analysis

Three 100-gram samples (treated as repetitions) wvatected from the depth of 1 m
into the alternative fuel storage pile on 30 Aug2B14, placed in sterile containers and
immediately transported into the laboratory of thiécrobiology Department of the
University of Agriculture in Krakow for microorgasins isolation. The isolation was
provided using the Koch'’s serial dilution methodanumber of microbiological growth
media. The following types of microorganisms weoerfd: general bacteria, vegetative
bacteria and bacterial endospores (bacteriologigat, BTL), mould fungi (glucose and
potato agar PDA, BTL), actinobacteria (Pochon a@di,.). The values of the titres of
microorganisms involved in nitrogen processing wagtermined: nitrifiers (Winogradski
growth medium [19, 20]), denitrifiers (Giltay grdwimedium [19, 20]), as well as the
number of units in the colony ofzotobacter spp. (Ashby agar [19, 20]) and for
ammonification microorganisms (Rougieux medium [P9)]). The presence of the
potentially pathogenic bacteria was also analy&abhylococcus spp. (Chapman agar,
BTL), Escherichia coli (at 37°C) andescherichia coli (at 44°C thermotolerant strains;
Endo agar, TBX agar, BTL)Salmonella spp. andShigella spp. (SS agar, BTL),
Enterococcus faecalis (Slanetz Bartley medium, BTL),Clostridium perfringens
(Wilson-Blair medium, BTL). The pH of the alternagifuel samples was also measured
alongside the air temperature in the RDF storadke hhe number of colony forming
units (CFU) of microorganisms was determined usthg inoculation of dilutions,
calculating the result for one gram of the fuel lyr determining the titres for the
microorganisms involved in the nitrification andhitefication processes.

Samples were collected twice, the first series asftst (30.08.2014) intended to
determine the number and species composition ofomiganisms found in the RDF
during the pile storage period. The second sefi¢ssts (08.09.2014) was completed after
the biodrying process of the fuel from the previguested pile. Three 100-gram samples
were collected from each of the piles (K4, K5, K6) microbiological analysis. Further
procedure was identical to the first series ofsteSamples were labelled as follows: 1, 2,
3 - fuel samples collected from the pile before biwdrying process; samples collected
after the biodrying process: K4.1, K4.2, K4.3, KXKb.2, K5.3, K6.1, K6.2, K6.3.

The statistical analysis was performed using tlaiSica v. 10 software (StatSoft).
Mean number of microorganisms was determined fer tdsted samples. A variance
analysis (ANOVA) was performed in order to verihetsignificance of spatial differences
in the number of microorganisms for selected groups
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Fuel (energetic) properties analysis

Alternative fuel samples for analysis were colldcfeom the pile before biodrying
(30 samples) on 30 August 2014 and after the pspdesm the bioreactors, using the
inspection opening on 8 September 2014 (30 sanfpbes each of the bioreactors).
Samples for testing were collected according tonighodology recommended by [35]
the European Committee for Standardization, 200@Gwr&xrterization of Waste - Sampling
of Waste Materials - Framework for the Preparatod Application of a Sampling Plan
(EN 2006, 14899). Studies performed at the laboyatd the Production and Power
Engineering Faculty of the University of Agriculeuin Krakow determined the bulk
density of the fuel as well as the moisture contemich were determined by weight loss
mass of dried waste at 105°C [36]. The weight ateaf the pre-drying waste samples
was about 1000g. The samples were also analysefdigbproperties, as a basis for the
assessment of viability of the waste for energyegeation, to determine:

- heat of combustion, using the calorimeter mettaatording to PN-ISO 1928 [37]
and PN-Z 15008-04:1993 [38]. The determination masle using a weighted sample
of (1.1 £0.1) g placed in a bomb calorimeter (KL-&&lorimeter) in the form of
a pressed pellet. The combustion of the sampleashigved using a 0.1 mm Kanthal
wire pressed into the pellet. The calorific valuaswcalculated using the computer
software controlling the operation of the calorieret

- calorific value according to PN-Z 15008-04:1998lunicipal solid waste - Tests for
fuel properties - Determination of the heat of costibn and calculation of the
calorific value [38];

- ash content according to PN-EN 18122:2016-01 [89hcineration of the sample in
a chamber furnace at 815°C.

The statistical analysis was performed using tlaiSica v. 10 software (StatSoft).
Variance analysis (ANOVA) was performed to check #iatistical significance of the
differences in the properties of the fuel driedlifierent bioreactors.

Results and discussion

Based on the microbiological analyses, a largeetsrof microorganisms can be
found in the alternative fuel at different stagédiodrying. The changes in the number
and species composition of the microorganisms @diom before and after the process
should be noted. The largest mean numbers of miganisms were found in samples
collected from the pile (Table 2). Furthermore, mlicroorganism groups apart from
Shigella spp. were found, including pathogenic bacteB&phylococcus spp., E. coli,
Salmonella spp.,E. faecalis, C. perfringens). The pile was located in a well-ventilated
hall, the temperature inside the hall during tmaetiof the study was ca. 23-26°C. The
mean moisture content in the pile was 30.8 +4.3%es€ conditions were favourable to
the growth of vegetative bacteria, fungi and adiacieria. A large number of
microorganisms involved in nitrogen processiAgofobacter spp. and ammonifiers) were
also found in the pile, as well as large titre ealdfor nitrification and denitrification
bacteria. The alternative fuel at this stage isndlat with organic matter - a source of
easily absorbed nutrients for the microorganisms.

The presence of actinobacteria amtobacter bacteria was not found in bioreactors
K4 and K5 after the completion of the process. l@nmore, pathogenic microorganisms,
i.e. E. coli, Salmonella spp. andshigella spp. were not found. This is very important, from
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the sanitary perspective, and leads to believe ttimatbiodrying process may result in
a satisfactory sanitation of the alternative fual.the biodried samples, endospores of
C. perfringens (K4, K5), E. faecalis (K5) as well asstaphylococcus (K4, K5) bacteria
were found, it is to be noted, however, that thenber of staphylococci and faecal
streptococci was greatly reduced. Precisely smetifdiodrying parameters had very
visible impact on the number and species compasiifomicroorganisms collected from
K4 and K5 bioreactors. The increase of endosportelia and decrease of vegetative
bacteria was very clear. This may be caused bprdsence of unfavourable conditions in
the biodrying process (high temperature, reducedstome) and limited availability of
nutrients. The decrease in the mean number of nfonlgi was found, possibly attributed
to increased pH.

Table 2
Mean numbers of microorganisms (CEY RDF), mean titre values for nitrification and deification bacteria
and pH of tested RDF samples

. . Samples before biodrying Samples after biodrying
Microorganism Pile K K5 K6
Vegetative bacteria 3,925,000 221,567 650,933 8&0|0
Bacterial endospores 9,083 30,532,000 239,033 @326
Mould fungi 81,985 1,477 563 31,592
Actinobacteria 168 0 0 183
Saphylococcus spp. 2,791 46 39 74
E. coli (37°C) 29,350 0 0 397
E. cali (44°C) 45,667 0 0 370
Salmonella spp. 5,320 0 0 971
Shigella spp. 0 0 0 0
E. faecalis 57 0 9 34
C. perfringens 11 5 11 11
Azotobacter spp. 844 0 0 0
Ammonifiers 323,278 4,516 441,661 158,958
Nitrifiers 10° 10° 10° 10°
Denitrifiers 10° 10° 107 10°
pH 7.55 8.16 8.23 7.93

The results of the analysis of the samples fromKBebioreactor, without aeration,
need to be discussed separately. The moisture rtointehe K6 bioreactor during the
process increased by approximately 40%. The termperaf 65°C was achieved after
47 hours and continued to increase, however therandensing on the walls of the
bioreactor was not drained and accumulated in tleé The samples collected from the
K6 bioreactor were soaked in water, very diffefeat the dry samples from the K4 and
K5 bioreactors. After the microbiological analysisthe samples from the K6 bioreactor,
several differences were found, in comparison &dther two bioreactors. A large mean
number of mould fungi and actinobacteria was foumebably due to high moisture
content. The presence of pathogenic microorgani§&aphylococcus spp., E. coli,
Salmonella spp.,E. faecalis, C. perfringens) is a cause for concern.

Based on the collected data, it can be statedttiaiack of aeration during the
biodrying process resulted not only in the decréasdorific value of the fuel but also
prevented its sanitation. Microorganisms involvadnitrogen circulation (ammonifiers,
nitrifiers, denitrifiers) were found in all biorel@es. The mean number of ammonifiers
was not greatly changed by biodrying. The meare titalues for nitrification and
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denitrification bacteria decreased from™l® 102 (K5) and 10° (K4, K6). During the
aerobic processing of waste, simultaneous nittificaand denitrification, leading to the
decrease of ammonium nitrogen [40, 41] producethduhe mineralisation of substances
containing organic nitrogen, i.eroteins, amino acids and urea in the process of
ammonification can be observed [13]. During thddgal processing of organic matter,
the microorganisms involved in the waste treatnprotess use part of the ammonium
acid for biomass synthesis, the remained is retbade the atmosphere [42], which is the
cause of multiple problems, i.e. odours, discharfgimxic compounds into the ecosystem
and eutrophication of water reservoirs [43].

Based on the statistical analysis of the resultsas found that the differences of the
number of microorganisms between the sampling locatare statistically significant in
the case o8taphylococcus spp.,Salmonella spp. and ammonifie§able 3).

Figure 3 shows the change in temperature durindpittdrying process in each of the
analysed bioreactors. The average temperatureedfuti loaded into the bioreactor was
24.5°C. In the first 12 hours, the temperature ascheof the bioreactors decreased by
3-4°C, as a result of the decrease of the temperaftinfeed air at night. In the 30th hour
of the process, a “manual”’, 20-minute aeration e bed was performed in order to
stimulate the microorganisms in the waste. Theetatgmperature of 65°C was achieved
in the 49th hour of the process, at the latest.

Table 3
Variance analysis results for the spatial diffeesninn the number of microorganisms

Microorganism F factor value (collection point) | Microorganism | F factor value (collection point)
Vegetative bacterig 1.96 Salmonella spp. 107.87
Bacterial endosporegs 1.92 E. faecalis 1.16
Mould fungi 3.57 C. perfringens 0.32
Actinobacteria 2.63 Azotobacter spp. 1.28
Staphylococcus spp. 11.49 Ammonifiers 5.25
E. coli (37°C) 1.72 Nitrifiers 3.44
E. coli (44°C) 3.26 Denitrifiers 3.44

" values are significant with< 0.05
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In the K4 bioreactor, after reaching the tempemtfr 65°C, and cooling down the
bed with intensive aeration, the temperature chartjee to the introduction of air of
different temperature (day/night) were observed fm was switched on in the 44th hour
of the process and was kept on for the furthertidi@s. The total consumption of electric
power was: 87 kWh. In the K5 bioreactor, the bedperature of 64-65°C was maintained
for 102 hours and then started to decrease. BettteeA9th and the 151st hour of the
process, the fan switched on 56 times (single mergime - from 0.5 minute to as much
as 2 hours). The fan at the K5 bioreactor only uored 4.6 kWh of power. In the K6
bioreactor, in which the fuel was not aerated, thmperature of the fuel increased
gradually to the level of 76°C. The total power somption of the fan was 0.3 kWh
(manual aeration during the second day). Tablee4egnts the results of the analyses of
fuel (energetic) properties for the samples codldcfrom the pile and each of the
bioreactors after 8 days of processing.

Table 4
Energetic properties of alternative fuel
Samples before . .
Parameter Unit biodrying Samples after biodrying
Pile K4 K5 K6
Moisture content [%] 30.8 +4.3 18.7 £1.9 21.542.2 38.5+2.1
pH - 7.55 +0.13 8.16 +0.01 8.23 +0.02 7.93 +0.02
Heat incineration [MJ - k§ 22.4 +0.6 22.2 0.3 22.6 £0.4 22.1 +0.5
Calorific value [MJ - kd] 13.1+1.8 16.2 +1.0 15.8 +0.7 11.2 +0.7
Ash content [% d.m.] 9.1+1.1 10.8+1.9 9.1+1.6 3919

It was concluded that the differences between tnel from the K4 and K5
bioreactors compared to the fuel from the K6 bioteaand the pile are statistically
significant in terms of moisture content, pH, cdlovalue and ash content (Table 5).

Table 5
Variance analysis results for the energetic progedf alternative fuel

Parameter F factor value (collection point)
Moisture content 26.2
pH 64.0
Heat incineration 0.9
Calorific value 12.7
Ash content 0.42

“values are significant with < 0.05

Aeration was used during the biodrying processiandactors K4 and K5, resulting
in the moisture contents of the fuel decreaseti¢ddvel of 18.7% (K4) and 21.5% (K5).
The content of water in the fuel was reduced by 39%e K4 bioreactor and 30% in the
K5 bioreactor. The calorific values of the fuel hioreactors K4 and K5 increased by
3.1 and 2.7 MJ-K{, respectively. Similar effects (in terms of weigbss, moisture
content and increase in calorific value) were adgden the work of Colomer-Mendoza et
al. [44], Ma et al. [45], Tom et al. [6] and Mohamadhet al. [46]. The lack of aeration in
the K6 bioreactor resulted in a reduction in fueality. Velis et al. [31] mentions that in
the process of biological drying of municipal waste the period of 7-15 days, the
moisture content should decrease by at least 20iginBand Tulun [16] conclude that
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during a 13-day of drying mixed municipal solid wegst is possible to decrease the water
content by over 30% with increasing the calorifadue. Own research, in case of the K4
and K5 bioreactors, yielded even better resultdchvimay be due to the type of dried
material and the construction of the bed. No efftee@ppeared in bioreactors K4 and K5.

Temperature is an environmental variable withrgjrampact on the metabolism of
microorganisms, population counts and species ceitipo [47]. Temperatures below
20°C may result in slower or suspended biologicaste processing [48]. Similarly, when
the temperature exceeds 60°C, the decrease incthaétyaof microorganisms can be
observed alongside their selection [49]. MacGregobral. [50] found the optimal
temperature range for the biological processingiadte, during which the mineralisation
of organic matter is maximised to be 52-60°C. Liah@l. [51] found that the temperature
of the stabilised material is the decisive paraméde process effectiveness. They also
point out the second important factor in the stsdtlon process, namely - moisture
content. Liang et al. [51] conducted a study todfithe interdependence between
temperature, moisture content and microbiologicdivily. Based on the results, they
concluded that the inhibiting effect of thermophitionditions during waste processing
may be rectified by increasing the availabilitywéter in the substrate. Sundberg et al.
[52] point out the synergistic effect of temperatand the pH reaction of the processed
material on the efficiency of the process. Sundbergal. [52] showed that in the
temperature exceeding 46°C and with the pH belosy the degradation process of
organic matter becomes slower. Similar results decreased metabolic activity of
microorganisms as a result of low pH were presebieBeck-Friis et al. [53]. Also Strom
[54], based on his studies, concluded that the aniganisms show resistance to the
alteration of one of the environmental factors, bat to the alteration of both of them
simultaneously.

In this study, the tested factors which may haviuémced the biodiversity of
microorganisms were: temperature, moisture conéewt pH. However, based on the
measurements, no significant changes in the pHtiosaof the alternative fuel were
observed during the biodrying process (pH 7.4638.2%e parameters with visible
changes were: temperature (24-76°C) and moistuse239%). The regulation of the
biodrying conditions visibly affected the numberdabiodiversity of the population of
microorganisms found in the alternative fuel befara after the process. Own research
shows a mixed population of microorganisms witliedént temperature, pH and moisture
requirements at each of the stages of the pro&isslar observations were made by
Atlas and Bartha [55], who found diverse microoligampopulations, e.g. mesophilic and
preferring acidic habitats or thermophilic and latant of low pH. Furthermore, Atlas
and Bartha [55] point out that fungi are less sptbke to acidic pH, compared to bacteria
and more susceptible to temperatures exceedind35:4The intensity of the airflow is
yet another important factor affecting the numbrat apecies diversity of microorganisms
found in the alternative fuel. It is a decisivettacfor the temperature in the bioreactor
during the biodrying process, which has a diregtdoi on the degree of biodegradation of
organic matter and on the calorific value of theuteng fuel as well as its stability [11].
Based on the obtained results, it may be concltldgdthe use of aeration influenced the
regulation of moisture content in the K4 and K5rbaxtors and affected the presence and
number of the analysed groups of microorganismsealkas the increase in the calorific
value of the fuel.
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Conclusions

1.

The alternative fuel collected from the pile (befathe biodrying process) was
characterised by a much larger number and biodtyes§ analysed microorganisms
compared to the RDF from the containers after tdmepetion of this process.

The moisture content in the alternative fuel praudrom mixed municipal solid
waste in the process of mechanical processingaliytexcludes its use as an energy
carrier. This means that biodrying is the apprdprocess for further processing.
The process of biodrying in containers may lead teatisfactory sanitation of the
alternative fuel as well as to the decrease innitdsture content, leading to an
increased calorific value of the fuel.

The regulation of the biodrying conditions visitd§fected the number and species
composition of the population of microorganismsrfdun the alternative fuel before
and after the process.

Aeration in the system of maintaining a set temjpeea(65°C in this study) yielded
similar results to the intensive aeration system.

Further research is needed to optimise the biogrpirocess for alternative fuel in
order to increase its energetic and sanitary spatifns.
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