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Abstract

Mixed municipal solid waste collected from the area of each Polish
district (commune) is transferred to Regional Installations for Municipal
Solid Waste Treatment. They comprise one or more of the following fa-
cilities: installations for mechanical-biological waste treatment (MBT),
installations for thermal treatment of municipal solid waste, green waste
composting plants and landfill sites. MBT installations have been current-
ly the dominant technology of mixed municipal solid waste treatment in
Poland. In these installations mixed waste is subjected to mechanical pro-
cesses (including: crushing, separation, screening and classification) re-
sulting in the production of the undersize fraction with usual grain size be-
low 80mm and the oversize fraction with grain size over 80mm. Because
of the necessity of stabilization and hygenization of the undersize fraction
prior to landfilling, it is subjected to the process of biological treatment,
e.g. biostabilization.

The main aim of the research was to analyze the temperature chang-
es during the biostabilization of the undersized fraction in thermally insu-
lated BKB100 laboratory bioreactor. The research covered a 14-day peri-
od of the intensive phase. The analyses were performed in 6 replications.
40.1£2.2kg of waste with density of 519.2+27.5kg-m™ and the biodegrad-
able fraction content of 41.9+1.9% was placed in the reactor. The temper-
ature of waste inside the reactor was measured by 9 Pt 1000 temperature
sensors. The air for the process was constantly supplied from the outside
of the reactor. Flow of the supplied air with temperature of 18.3+3.1°C was
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regulated depending on the average indication of all temperature sensors.
Results of the temperature measurements were averaged and showed us-
ing Golden Software Surfer 7.

As aresult of the conducted research it was found that changes in the
temperature inside the bioreactor occurred uniformly throughout its full
volume. The time of reaching the temperature of 45°C (the beginning of
thermophilic phase) was 25.6+4.0 hours (21 hours at the earliest). During
the first period the temperature in the reactor was increasing most intensive-
ly in the lower parts of the layer, in the central part of the layer the tempera-
ture reached 45°C after 34 hours at the earliest, whereas on average it took
47.7+9.9hours. Theaverage maximum process temperature was 64.8+3.5°C.

Keywords: municipal solid waste, undersize fraction, biostabilization

INTRODUCTION

The undersize fraction is separated in mechanical-biological treatment in-
stallations (MBT). This fraction may have various grain size, which depends on
technological needs and machines used in the process (Bilitewski 2011, Debicka
et al. 2013). Most frequently, the undersize fraction is characterized by grain
size below 80, 100 or 120 mm). The fraction, according to the Waste catalogue
is marked with 19 12 12 code — other waste (including mixed substances and
objects) from the mechanical waste treatment, other than mentioned in 19 12 11
(Regulation... 2014). A common feature of the undersize fraction is high content
of organic and mineral waste, paper, cullet and small plastics. Morphological
composition of the undersize fraction depends mainly on two factors:

e the area where the waste was collected — a higher share of the under-
size fraction (irrespective of the season of the year) is noted in the
waste originating from rural areas,

» the season of the year — the higher share of the undersize fraction is
released from municipal waste collected in winter.

Biostabilization is a process of biological waste treatment, conducted un-
der aerobic conditions and like compositing usually covers two stages (Jedrczak
2008): the stage of intensive (thermophilic) treatment (usually realized in bio-
reactors) and the maturation stage (in prisms). The process results in generating
a new waste — stabilizated waste, in Waste catalogue classified as waste code 19
05 99 (Regulation ... 2014), which does not meet the requirements for organic
fertilizers or cultivation aids; however, following an additional treatment it may
be recycled or disposed of by landfilling.

Biostabilization is a process, which consists in aerobic biodegradation of
organic matter in the waste by microorganisms. Its course is similar to com-
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posting process course and the main aim is stabilization (reduction of organic
carbon and organic matter content) and waste hygenization (removal of patho-
genic organisms) resulating from maintaining the temperatures over 60°C (Yuan
et al. 2017). According to Szewczyk (2016), at the initial phase of the process
mesophiles cause an increase in temperature to ca. 45°C and then they die or
become inactive, thermophiles replace them and continue the process at high-
er temperatures. When the stock of organic matter is exhausted, thermophiles
die and mesophiles again dominate the process. Actinomycetes prevail at the
maturation stage ending the stabilization process. The process is conducted in
order to limit the deposited waste mass (particularly biodegradable waste) on
the landfill and to reduce greenhouse gases emission from landfills (Sugni et al.
2006, Baran et al. 2016). Biostabilization process was described in the papers by,
among others, Adani et al. (2002), Adani et al. (2004), Sugni et al. (2005), Titta
et al. (2007), Jedrczak and Szpadt (2008), Dziedzic et al. (2015) and Yuan et al.
(2017). The principles of conducting the process were stated in the Regulation
(2012) and in BAT documents (2006). In a majority of the papers mentioned
above a single-point temperature measurement during the process was applied.
There are no works which would discuss exhaustively the profile of temperature
changes inside the bioreactor on its different levels during the biostabilization
process of the undersize fraction. The subject literature provides results of re-
search on waste composting or biodrying in which a higher number of probes
was used; however, their use was connected with measuring the temperature as
a function of the distance from the aerating source or from the perforated biore-
actor floor (Debicka and Zygadto 2017, Tom et al. 2016a, 2016b, Biatowiec and
Templin 2010).

The knowledge about changes in the temperature in the bioreactor during
the biostabilization process of waste is extremely important for the proper con-
struction of this type of equipment. A suitable construction, e.g. of the bottom or
the whole aeration system in a bioreactor, can improve the achieved final param-
eters of stabilized waste.

AIM, MATERIAL AND METHODS

The investigations aimed at determining the changes in the temperature
profile for the biostabilization process of the undersize fraction in the thermal
insulated laboratory BKB 100 type bioreactor with the chamber volume of
116 dm® and working height of 99 cm. The bioreactor was constructed of double
transparent plastic cover (PC) with water in the space between the cylinders con-
stituting the casing. The reactor was additionally insulated from the outside with
a mat filled with rockwool. The main purpose of th performed tests was to carry
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out preliminary analyzes that were to determine the suitability of the device for
further testing or to determine the necessity of its modification.

The undersize fraction (@ < 80 mm) was obtained for the research from
MBT installation treating mainly waste from rural areas. The waste for analyses
was collected 6 times during the period from mid-April to July, so that it con-
tained the highest possible share of organic matter and biodegradable fraction.
Analyses involved 14-day biostabilization (intensive phase) and were conducted
in 6 replications. 40.1£2.2 kg of waste was placed in the reactor. The height
of waste placed in the reactor was 68.9+3.6 cm. Small amounts of lecheates
forming during the process (the container for lecheates was placed under the
reactor aerating bottom) were collected every 2 days and returned to the waste in
the reactor.

The temperature was measured by means of 9 sensors placed in the biore-
actor (Fig.1). The sensors were placed in 3 rows on 3 different heights (10 cm
from the bottom, 35 cm from the bottom and 60 cm from the reactor bottom)
and on 3 different planes (2 cm from the reactor axis, in the middle of the radius
length and 3 cm from the insulating coat). Figure 2 shows the location of the
individual sensors. The sensor number consists of two figures, the first of which
informs about its length (1 — short, 2 — medium and 3 — long), while the second
states its distance from the bioreactor axis. Moreover, the air temperature was
measured at the entrance and exit.

Source: Author’s own photo

Figure 1. General view of bioreactor
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Source: Author’s own photo

Figure 2. Location of 9 PT 1000 temperature sensors in bioreactor

The temperatures were recorded by the KSP v1.07 software simultane-
ously steering the intensity of the bed aerating. The temperature recording from
each sensor was conducted in the interval of every 30 seconds. The results of
measurements were recorded in Microsoft Excel program. The time of reaching
the temperature of 45°C on each of the measuring levels was determined for each
measurement. Golden Software Surfer 7 program was used for the visualization
of the temperature changes in the bed. The information about averaged tem-
peratures registered by individual sensors every 2 hours in each replication was
introduced to this program. Interpolation of the other points made in the program
allowed for graphic representation of the temperature changes inside the bed.

The aeration intensity (the air was supplied from the bottom of the re-
actor through its perforated floor) was regulated according to the Schultz rule,
which states that the oxygen demand depends on process temperature as follows
(Jedrczak, 2008):

W=01-1067

where:
W —oxygen demand [mg O,-(g d.m. -h)'],
T — temperature in the range of 20-70°C.

The following parameters were determined for the undersize fraction prior
to its placement in the bioreactor:
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a) density (determined in result of the measurement of the input mass to
the reactor and the volume occupied by the waste),

b) morphological composition including determination of the biodegrad-
able waste as the sum of : 100% organics, 100% paper and cardboard,
50% wood, 50% textiles, 40% composite waste and 30% fine fraction,
i.e. < 10 mm. Every time the analysis of the percentage of individual
waste groups was conducted in 3 replications on the samples weighing
946+153 g,

c) waste moisture (water content in relation to initial mass of a dried sam-
ple) by means of PN-EN method 14774:2010 (analyzed at the begin-
ning and end of the 14-day process),

d) loss onignition and ash content were determined in compliance with PN-
EN 14775:2010 (analyzed at the beginning and end of 14-day process).

The samples for laboratory analyses were prepared according to the meth-
od recommended by European Committee for Standardization, 2006 Characteri-
zation of Waste — Sampling of Waste Materials — Framework for the Preparation
and Application of a Sampling Plan (EN 2006, 14899).

RESULTS AND DISCUSSION

The undersize fraction obtained during the period of investigations was
characterized by similar shares of individual morphological groups (Tab. 1).
Fine fraction (with grain size below 10 mm) prevailed in each measurement.
Relatively low share of organic waste was most probably caused by manage-
ment of such waste at homes in backyard composters or by separate collection
of biowaste conducted in the region, whereas a very low content of glass was
determined by a large glass mass accumulated separately in rural areas. Average
content of biodegradable waste was 41.9%. The lowest share of biodegradable
waste — 37.4% was registered for the third replication, whereas the highest for
the first replication — 47.3%. Obtained values were approximate to the research
results of Wolny-Kotadka et al. (2016), Baran et al. (2016) and Dgbicka et al.
(2017), but were apparently different from the research results of Dziedzic ef al.
(2015), particularly concerning the share of organic fraction, which was much
higher in the paper by Dziedzic et al. (2015) reaching 40.87%.

Mean density of the undersize fraction was 519.2+27.5 kg-m, the waste
moisture fluctuated on the level of 32.9+2.5%, while loss on ignition, i.e. dry
organic matter content was on average 51.5+4.2 (Tab. 2). Declines in moisture
and loss on ignition were observed after the process, which evidences that the
organic matter contained in the waste was partially mineralized, while a part of
water evaporated from the waste. A decrease in loss on ignition by 9.2+2.5% was
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a definitely lower than presented in the paper by Dziedzic et al. (2015), mainly
due to lower content of organic fraction in the treated waste.

Table 1. Morphological composition of the undersize fraction

Waste group Share
(%]

Fine fraction < 10mm 25.1+£3.6
Organics 172+ 1.8
Paper and cardboard 149+34
Plastics 155+23

Metal 1.7+1.0

Glass 6.2+0.9

Textiles and clothing 1.4+0.5
Personal hygiene products 2.1+£0.7
Wood 1.1+£0.6
Multi-material waste 09+0.1
Hazardous waste 0.6+£0.2
Inert 24+0.7

Other categories 109 +4.1
Biodegradable waste — total 41.9+1.9

Source: Own study

Table 2. Physicochemical characteristics of waste before and after the intensive stabili-
zation process in the reactor

Density Moisture Loss on ignition
No of samples gme before process after process before process after process

% % % %

1 547.8 33.8 28.4 53.1 40.2

2 538.1 32.4 28.6 49.6 41.1

3 489.0 31.1 28.2 46.1 40.1

4 535.3 36.9 31.8 56.9 48.6

5 5232 333 30.4 48.2 39.7

6 481.7 29.7 26.6 55.3 43.8
Average 519.2 32.9 29.0 51.5 42.3
SD 27.5 2.5 1.8 4.2 34

Source: Own study
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Figure 3 presents a temperature profile of the waste subjected to biostabi-
lization process (replication 1), whereas in Table 3 basic information about the
temperatures registered during the process was compiled.

Table 3. Characteristics of the obtained temperature values of treated undersize fraction

Reaching the

temperature of 45°C Maximum temperature Thermophilic
No of Probe Sensor pl.lase .
samples Time sumber Value Time sumber duration time
[h] % ["Cl [h] - %

1 30.2 T3/1 68.6 83.3 T2/1 158.4

2 22.7 T3/2 63.2 89.4 T2/1 166.9

3 28.1 T3/1 65.2 83.7 T2/1 138.2

4 21.6 T3/1 67.7 82.5 T2/1 209.1

5 29.2 T3/2 58.8 433 T2/1 173.9

6 21.8 T3/1 65.3 69.6 T2/1 182.2

Average 25.6 - 64.8 75.3 171.4

SD 4.0 - 3.5 17.0 23.8

Source: Own study

Temperature [°C]
8

w
=]
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10

Time [days]

Tz-1/1 Tz-1/2 Tz1/3 Tz:2/1 T22/2 ——T22/3 =—T2z:3/1 —T2z-3/2 ——Tz3/3

Figure 3. Temperature changes during biostabilization process (replication 1)
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For all bioreactors, the thermophilic phase started on the lowest bioreactor
level (Tab. 3). In the central part of the bioreactor the waste temperature reached
45°C after 34 hours at the earliest, while on average after 47.7+£9.9 hours. The
highest maximum temperature was 68.6°C, whereas mean maximum temperature
for all replications was 64.8+3.5°C. Maximum temperatures for each replication
were registered at the height of 35 cm from the reactor floor after 75.3+17.0
hours. The obtained maximum temperatures, the time when they were reached
and the duration time of the intensive phase are similar to the results reported by
Tom et al. (2016a, 2016b). However, they differ from results presented by Tam-
bore at al. (2011), where the duration time of thermophilic phase was only 80
hours and Dziedzic at al. (2015), where the time during which the temperature
over 45°C persisted in the bioreactor was over 300 hours, but also from Baran
et al. (2016), where the intensive phase started much later. Thermophilic phase
usually starts like in the presented research on the second day of the process.

The analyzed biostabilization process of the undersize fraction is char-
acterized by a gradual increase in the temperature in subsequent waste layers.
At increased aeration (e.g. during the waste bio-drying process) this does not
happen and the temperature is increasing regularly in each waste layer (Tom et
al. 2016a, 2016b). Figure 4 presents the course of temperature changes inside
the bioreactor conducted using Golden Software Surfer 7 program on the ba-
sis of averaged temperature measurements from the subsequent replications of
the experiment.
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Figure 4. Spatial profiles of temperature changes during biostabilization in bioreactor
(x-axis — height, y-axis — diameter)
(A — after24 hours, B — after 48 hours, C — after 72 hours, D — after 96 hours)
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CONCLUSIONS

As a result of conducted research it was found that during the biostabiliza-
tion of the undersize fraction in laboratory conditions, at controlled air flow and
depending on the average temperature inside the reactor:

1. intensive phase of the process starts on average after 25.6+4.0 hours
(after 21 hours at the earliest) and lasts about 171.4+23.8 hours (the
longest for 209.1 hours). Increase in the temperature in the bioreactor
is most intensive until reaching the thermophilic temperature.

2. The intensive phase of the process initially occurs in the lower part
of the reactor, then the waste temperature increases in its central part.

3. The maximum temperature (64.8+3.5°C) is reached at the height of 35
cm from the reactor bottom after 75.3=17.0 hours.

4. The temperatures in the upper part of the bioreactor during the process
do not exceed 45°C.

In addition, the results of preliminary analyzes presented in the article ex-
plicitly recommend the need to change the system of aeration of wastes in this
type of bioreactors. It would be advantageous to introduce air not from the bot-
tom of the bioreactor but, for example, through the inner cylinder. Such a solu-
tion could enable an even increase of the waste temperature in the bioreactor.
This requires further research.
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