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THE CHANGES IN EXHAUST GAS AND SELECTED WASTE
PROPERTIES DURING BIOSTABILIZATION PROCESS

ZMIANY SKLADU GAZOW PROCESOWYCH
ORAZ WYBRANYCH WLA S$CIWO SCI FIZYKOCHEMICZNYCH ODPADOW
PODCZAS STABILIZACJI TLENOWEJ

Abstract: In recent years mechanical-biological waste treatnfiacilities increasingly apply the biostabilipat
process to treat the undersize fraction (most #atjy less than 80 mm in diameter) obtained fronmicipal
solid waste. The process lasts at least 14 daglesed but aerated chambers. The process gasgetkigrchamber
is transferred to biofilters filled with biomasshieh ensure odours elimination. The aim of the ptuds to
analyze the aerobic biostabilization process oéctell waste groups using a laboratory BKB 100 oeact
especially in the aspect of exhaust gas compositttanges. The bioreactor was equipped with a 1&-li
thermally insulated chamber, controlled air flondem system of gases and temperature analyzersaridigzed
parameters were: GGand Q concentration in the emitted gases, the temperatbanges during the process,
waste density, C:N ratio, organic matter contentvah as moisture content. As a result of the nededt was
stated that the temperature changes in the pratessse vary in different seasons and might depenthe share
of fine and biodegradable fractions in waste. i ¢thse of waste collected in summer or autumnhigrenophilic
phase began during th&2r 3¢ day of the process and lasted about 5-6 days,ntpas considerable GO
emission (with the maximum between tifeamd 4" day). The changes in,@nd CQ concentration were directly
connected with the process intensity. Waste cateduring winter or spring and subjected to thegss didn't
reach the temperature which would ensure wastdizgtdion and hygienization.
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Introduction

Mechanical-biological treatment (MBT) facilities tégrate mechanical processes,
(such as comminution, separation, sieving, clasifin) and biological processes, which
occur in aerobic and/or anaerobic conditions [1A3].a result of the mechanical processes,
which in most cases include waste separation imdscreens (with 80 mm square-shaped
meshes), two fractions are obtained: undersize ewetsize. The undersize fraction
contains the considerable share of organic subssamnd is subjected to biological
treatment [2]. Among most commonly used biologipedcesses applied at this stage are
aerobic biostabilization and biodrying process [Rlese processes consist in autothermic
self-heating of treated material, which resultsrfrthe heat released during organic matter
decomposition [2]. Thus, they seem to be an intergslternative of waste treatment from
the economical point of view. Biological treatmenethods for biodegradable municipal
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waste bring about decrease in microbial activityvadl as reduction of gaseous emission
(CO,, SO, NO, and CH) in case of subsequent landfilling of processedtavdl-7].
Regulation of the Polish Minister of the Environmh@&oncerning MBT determines that
biological treatment of waste can be executedalirttial stage in a closed bioreactor with
an aeration system and post-process gas ventilatibiofilters, for the period of 2 weeks
at minimum in the processes of aerobic biostahibtrg8].

The main aim of the research was to analyze thebaebiostabilization process of the
undersize fraction (particle size less than 80 mseparated from municipal solid waste,
especially in the aspect of exhaust gas compoditiamges. The process was carried out in
the laboratory bioreactor (type: BKB 100). Analyseere repeated four times. The
analyzed undersize fraction was collected at thgid®eal Installation for Municipal Solid
Waste Treatment.

Materials and methods

This study was conducted at the Faculty of Prodactand Power Engineering
(University of Agriculture in Krakow, Poland). THaoreactor (type: BKB 100) with the
chamber volume of 116 dmvas used for the experiments (Fig. 1). Tests warded out
using aerobic biostabilization process of organiatter. The waste for research (the
undersize fraction separated from municipal solaste (3 < 80 mm)) was obtained from
a mechanical and biological waste treatment plamtK( Recycling Ltd.), located in
Krakow (southern Poland). To determine temperatin@nges during the process, which
lasted for approx. 14 days, a PT1000 temperatursosevas used. Analyses were carried
out for the period of 14 days (or more, in someesgswhich is required by the Regulation
on the MBT for biological processes of waste treatt[8]. In spring and summer the
experiments were conducted for 14 days. In caseaste collected in autumn and winter
the process time was longer - 16 and 22 days, cagply. It was possible to regulate the
air flow into the investigated waste, to displag tiecorded temperature changes occurring
in stabilized material, as well as to analyze exditfjases (oxygen content, carbon dioxide
content, methane content and hydrogen sulphideenbim exhaust gas). The air supply
was maintained at 0.5-1.5°m (kg d.m.- d)™. The aeration intensity was regulated
according to the Schultz rule, which states that dltygen demand depends on process
temperature as follows [9]:

W =0.1-1.067"

where:W - oxygen demand [mg£3g d.m: h)™], t - temperature in a range 20-70°C.

The average temperatures of air supplied to theedator differed in each season and
were as follows: 15°C in winter, 17°C in spring®@6n summer and 19°C in autumn.

The analyzed waste originated from rural outskatsKrakow agglomeration. The
samples were collected once a quarter (in Jandgil, July and October), the mass of
each sample was 60 kg at minimum. The laboratanptes were prepared according to the
standard [10]. For each sample following charasties were determined: morphological
composition [2], moisture content [11], dry orgammass content [12], C:N ratio, waste
density (at the beginning and at the end of thegss®) as well as Kjeldahl nitrogen content.
The latter analysis was conducted in presence lehisen mixture using Kjeltec 1026
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System Il analyzer (producer: Tecator) and wasquted by the sample mineralisation in
concentrated p80O,. Total organic carbon content was determined higiadive titration.

Fig. 1. The BKB 100 bioreactor used in the research

Results

Table 1 shows the morphological composition of timelersize fraction from waste
processed at MIKI Recycling Ltd in Krakow betweeandary and October 2015. As the
results reveal, the fraction of fine material (¢t size less than 10 mm) constitutes
a predominant share in analyzed waste, indeperatetiie season. In waste collected in
July (summer) there are considerable shares ohargeaste and glass, as well. In Table 1
a sum of biodegradable waste, calculated accordingWMP and [2, 13], is also given.
The least shares of such waste were noticed inafassmples collected in January (winter)
and April (spring), the highest - for samples take@®ctober (autumn).

Table 1
Morphological composition of undersize fractiordifferent seasons
Winter Spring Summer Autumn
No. Waste group +SD* +SD* +SD* +SD*
[%0] (%] [%0] [%0]
1. Fine fraction 43.145.1 34.7 1.0 22.4 2.7 34
2. Organic waste 14.8 +4.4 5944 20.8 £0. 3.8
3. Wood 0.2+0.1 0.9+0.3 1.2+0.7 2.2+0.4
4. Paper 8.1+4.4 14.2+4.1 9.9+2.7 16.1 +3.8
5. Textiles 3.8+2.0 2916 2.8+2.0 33+1.1
6. Plastics 8.8+2.4 14.7 +4.7 7.4+2.3 8.6 +4.5
7. Glass 12.5+0.5 17.8+2.9 18.0 +3.4 13.1+6.0
8. Metal 1.1+0.6 3.6 +2.0 1.1+05 0.4+0.1
9. Composite waste 0.2 +0.1 1.4+1.2 3.8 +0.9 DB+
10. Hazardous waste 0.4 +0.1 0.6 £0.2 1.1 +0.4 +0.2
11. Personal hygiene product 0.3+0.1 0.4 +0.] +0.8 0.8 +0.3
12. Inert waste 6.7 5.0 2.9+0.3 9.7+13 6.4 +2.2
Total Sharewcg S?('fdegradab'e 38.0 +4.2 33.6 5.1 419429 46.2 433

*3D - standard deviation
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The changes in temperature values during biologigakte treatment processes
indicate the occurrence of three subsequent pHadésThe most important is the second
one - the thermophilic phase [15], in which a sudtkemperature increase is observed.
It ensures stabilization and hygienization of wd$& 17]. Figure 1 presents the changes in
temperature measured inside the bioreactor (incdéstral area) during the analyzed
processes. The thermophilic phase for waste celfieict summer or autumn was observed

already in the  or 3% day of the process and lasted approx. 5-6 days.ifitrease in

temperature to the level of 60 or more degreesi@els supposed to ensure proper
stabilization and hygienization of the processedeni. For waste collected in winter or
spring the thermophilic phase occurred much lasdte 13 and 6 days of the process,
respectively), which might have been caused by fiilghfraction content and low share of
biodegradable waste in the processed material ratieeof temperature changes during the
process and temperature values measured in sunmeh@ugumn tests resembled the results

presented in [2].
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Fig. 2. Temperature changes during biostabilizationndersize fraction
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To ensure that the process is carried out propleeyanalyzed waste has to be supplied
with a sufficient amount of air. It is necessary fganic matter decomposition, which
results from intense growth of aerobic microorgansig18]. CQ content in exhaust gas is
the best indicator for assessing the intensityiaiblical processes in waste. Figures 3 and
4 present the changes in @nd CQ concentration in emitted gases. For samples delliec
in summer and autumn the changes in gaseous emissi® observed in first days of the
process, which resembles the temperature curvéggimme 2. In spring the changes were
less intense and £Zoncentration did not lower to less than 4%. Duéethnical issues it
was not possible to measure exhaust gas compositiaminter. The presented curves
(Figures 3 and 4) do not include ¢éhd HS measurements - concentrations of these gases
were below 0.2%, which is less than inaccuracy ratethe analyzing instrument
(BIOTEX-XL).

20

18

16 +—=

14 -
12 A

&
&
E 10
= —Cpring
2 8 Surmmer
E m— A utUmn
L
g
g *
g 2-
o+
0 2 4 ] 8 10 12 14 16 18
Time [days]
Fig. 4. Changes in Goncentration in exhaust gas during biostabilaatf undersize fraction
Table 2
Changes in selected properties of stabilized waste
No. Property Unit Season Before the procegs After the process
Winter 539.7 611.9
. . Spring 520.9 551.3
1. | Waste density [k Summer 490.0 530.7
Autumn 466.9 475.9
Winter 38.3+1.4 26.9 6.8
. Spring 29.0 £6.2 26.5 +4.1
0,
2. | Moisture content|  [%wWW] g ner 35.6 2.3 309 2.1
Autumn 27.6 +4.8 24.2 £3.8
Winter 47.6 0.9 44.5 +0.6
3 Organic matter [% d.m.] Spring 52.8 #£1.9 42.3+2.1
content Summer 53.6 +1.4 44.5 +0.9
Autumn 55.0 0.9 42.3 7.0

As a result of the biostabilization process, sonomsierable changes in waste
properties were observed (Table 2). In each cytlests waste density increased - the
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values varied from 466.9 kg (the minimal density of processed material) to
611.9 kgm™ (the maximal density), while waste volume and mdssreased about
11 +3% and 2.3 £0.4%, respectively. Apart from wintests, in all experiments the
occurrence of leachate from the bioreactor wasrebde Average carbon content in waste
dry mass varied from 19.8 to 25.1% before the me@nd from 17.9 to 22.3% after the
process. Average nitrogen content in waste dry nass changed - from the range
0.6-0.94% before the process to 0.8-0.82% aftemptibeess. C:N ratio in analyzed waste
decreased during biostabilization from approx. 8026. Moisture and organic matter
content in the processed waste decreased sligtitije ash content increased. In each test
minor changes in pH occurred - the average valoss from 7.3 (close to neutral) before
the process to 7.9 (more basic conditions) afteptiocess.

Conclusions

The main conclusions drawn on the results preseattede are:

The morphological composition of waste, especiéilg fraction (particle size less
than 10 mm) and biodegradable waste content, darente the intensity of aerobic
biostabilization.

Temperature changes in processed waste duringabilization are not the same in
each season. The thermophilic phase, which cornelspto the highest Gmission,
for waste collected in summer and autumn occurhehdy in the ¥ or 3¢ day of the
process and lasted approx. 5-6 days.

The changes in £and CQ concentration in exhaust gas were directly coratetti the
intensity of the process. In case of tests camwigidin summer and autumn the highest
CO, emission was measured between tharid 4" day of the process.

In case of waste collected in winter and springas not possible to reach the process
temperature which would ensure proper stabilizatiot hygienization of the material.
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ZMIANY SKEADU GAZOW PROCESOWYCH ORAZ WYBRANYCH
WEA SCIWO SCI FIZYKOCHEMICZNYCH ODPADOW PODCZAS
STABILIZACJI TLENOWEJ
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Abstrakt: W zaktadach mechaniczno-biologicznego przetwaezaydpadéw komunalnych do przetwarzania
biologicznego frakcji podsitowej (najgxiej o uziarnieniu pormej 80 mm), wydzielonej ze strumienia
zmieszanych odpadéw komunalnych, corazsaej wykorzystuje si proces stabilizacji tlenowej. Proces ten
przebiega przez okres co najmniej 2 tygodni w zadgtkeoh i napowietrzanych kontenerach. Powietrze moae
odprowadzane jest do biofiltra wypetnionego biom&sdra ma zapewniredukcg uciazliwych zapachéw. Celem
bada byta analiza przebiegu procesu stabilizacji tleejow laboratoryjnym bioreaktorze BKB 100 ze
szczegllinym uwzgtinieniem zmian w skladzie emitowanego powietrza cgsowego. Bioreaktor byt
wyposaony w termicznie izolowan komok o pojemnéci 116 dni, system pozwalagy na kontrolowane
wprowadzanie powietrza do procesu, system czujnikémvperatury oraz analizator gazéw poprocesowych.
Analizom podlegat udziat CQO O, w objetosci emitowanych gazéw procesowych, zmiana temperatuczasie
trwania procesu, a tag gstas¢ odpadéw, stosunek C:N, zawadosubstancji organicznej i wilgotéa

W wyniku przeprowadzonych analiz stwierdzon® przebieg zmian temperatury w stabilizowanej masie
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wsadowej nie jest jednakowy w poszczegoélnych porakh i maze ona zalge¢ od udziatu frakcji drobnej oraz
zawartdci odpadow ulegapych biodegradacii. Faza termofilna dla odpadéwraoych w okresie lata i jesieni
nasgpita juz w 2-3 dniu procesu, trwata okoto 5-6 dni i spowedta dua emisg CO,. Zmiana zawart@i O,
oraz CQ byla bezpérednio powyzana z intensywrigia procesu. Odpady pobrane w okresie zimy i wios®y ni
osiagnely temperatury, ktéra mogtaby wskazyivaa stabilizagj i higienizacg materiatu. Odpady pobrane latem
i jesieni charakteryzowaly sinajwigksz emisp CO, pomigdzy 1 a 4 dniem procesu.

Stowa kluczowe:odpady komunalne, frakcja podsitowa, stabilizaéleiaowa



