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Abstract

An important advantage of use of an aerobic bidiabion of waste prior to its disposal
is that it intensifies the decomposition of the amig fraction of waste into the form
which is easily assimilable for methanogenic micgamisms involved in anaerobic
decomposition of waste in the landfill. In thisielg it is presented the influence of
aerobic pre-treatment of waste as well as leachet&culation on susceptibility to
biodegradation of waste in anaerobic laboratorgtmga. The research has shown that in
the reactor with aerobically treated waste stadiliwith recilculation conversion of the
organic carbon into the methane is about 45% higfiean in the reactor with untreated
waste stabilized without recirculation.

Keywords: aerobic pre-treatment of waste; biodegpdily of waste landfills; biogas
production; municipal solid waste

1. INTRODUCTION

Content of organic substances in wastes has aidedigluence on the
amount of pollutants and on the duration of thewssions from landfills
[17]. In Poland and other European countries theogean Union Council
imposed directive 1999/31/EC on reducing the arhofieasily-biodegradable
organic waste deposited at landfills [3]. In thesantries it has been scheduled
to reduce the amount of landfilled organic waste®o by 2010, 50% by 2013
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and 65% by 2020, in comparison with the quantityvakte produced in 1995

[3, 5]. The reduction of organic fraction of mumial solid waste (MSW)

directed into the landfill can be achieved in tbhkkoiwing ways [17]:

» Separated collection of organic fractions of MSWtoduce compost;

* Thermal treatment of MSW to produce energy;

» Pretreated mechanical-biological treatment (MBT)reduce its reactivity
and mass before being disposed into a landfill [5].

According to the 2010 National Waste Management Btopted in Poland the
mechanical-biological treatment of MSW is recomnethdas a method
appropriate for agglomerations with upto 300 O&ldents.

The process of the MBT consists of a mechanicatevesrting combined with
an installation for the biological stabilisation tife biodegradable fraction of
waste. The mechanical waste treatment stage capldmed either at the
beginning of the MBT process (biostabilisation),after the biological process
(biodrying). In order to reduce the amount of bigdelable waste aerobic or
anaerobic decomposition is applied in biostabilgattechnologies. The
stabilized waste obtained in the MBT process iglusainly for landfilling, but
it can be also used as fertiliser for non-agrigaltland and for the reclamation
of land for construction, or it can be burnt in nuipal waste incineration plants
[1, 8, 6]. The main purpose of this biostabilizatiechnology is to achieve the
highest possible degree of stabilisation of orgam&ste, so that emission of
pollutants from stabilised waste deposited at léisdis as low as possible.
Additionally, MBT systems allow us to increase esuhtion of materials for
recycling and to reduce the quantity of depositedte[13, 9, 4, 17].

In developing countries the recommended method wmiodiical waste
stabilisation before landfilling is aerobic decompi@on. This requires less
investment and operating expenditures in comparisdhe anaerobic processes
[10]. An important advantage of using aerobic labsgization for waste prior to
its disposal is that it intensifies decompositioh tbe recalcitrant organic
fraction of waste into a form easily assimilabler fanethanogenic
microorganisms involved in anaerobic decompositbwaste in a landfill [2, 7,
14, 15, 19].

The length of the aerobic pretreatment of wastkuémices on the degree of
biological stability of waste. For example in Gerpand Austria the biological
treatment of waste is conducted during 2-6 monthsktain high biological
stability of waste prior to its disposal in a laitidfL7]. In Poland the process of
biostabilization is carried out for 2-5 weeks ofeinsive aeration in order to
obtain a product with a medium biological stabilitgvel. The research
presented by other authors indicated that the psocenducted longer than 4
weeks do not increase the degree of stabilizatgmfgantly [17].
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Pre-treatment of waste prior to its desposal intandfill supports sustainable

landfilling by minimizing landfill emissions. Moreer, the aftercare

requirement can be significantly reduced.

The main advantages of mechanical-biological pattwéwaste prior to

landfilling are [21]:

* landfill area reduction up to 40%, thus conserviagd resources and
reducing the cost of landfilling,

» reduction of biodegradability of waste, thereby uegidg methane and
leachate production on landfills.

» reduction of potential hazardous waste contaminanthe waste stream,
such as batteries, solvents, paints, fluorescght bulbs,

» increase of recycling, reusing and recovering cfte/anaterials.

In order to accelerate the wastes decompositiomess) to reduce time of
pollutant emission and to treat leachate in latdfécirculation of leachate can
be carried out [23].

Recirculation increases the moisture content oftevdewers the concentration
of potential methanogenesis inhibitors [11] and pties the nutrients and
enzymes necessary for microbial growth [20].

Besides accelerating decomposition of organic camapts of the waste the
benefits of leachate recirculation includes aneaase in methane production
[16] and the removal of some of the pollutants enésd in the recirculated
leachate.

The leachate produced in landfills is due to thkofang factors: rainwater
percolation, leaching of solid waste moisture cottevater production with
biochemical process, and ground water entering th&éo waste mass during
operating a larfill. A promising method in leachate managementeating the
landfill as a bioreactor in which recilculation lefachate allows us to maintain
appropriate monsiure condition in order to enhatheelevel of degradation of
the biodegradable organic fractions of the wastan@only practiced leachate
treatment methods, such aBocculation/precipitation, activated carbon
adsorption, membrandiltration, and chemical oxidation are complicated,
expensive and generally require multiple procesBesrefore, the iderftcation
and application of effective in-situ treatment teclogies of leachate is urgently
needed in developing countries [22].

In the article the influence of aerobic pre-treatmef waste by 5 weeks on
susceptibility to biodegradation of waste in apbé& laboratory reactors with
and without leachate recirculation are presented.

The rate of conversion of the biodegradable carbmmethane was assumed as
an indication of biodegradability [12].
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D12(mg/mmol)
25,4(ml/mmol) 100% (1.1)
CBIO

4

WCH4 =

where:
CH, - methane production, (ml);

C,,, - biodegradable carbon contained in the waste).(mg

2. EXPERIMENT

2.1. Test material

In order to carry out the tests both biologicalhtreated and treated municipal
solid waste was used (Table 1). This waste wastédoen high-rise buildings
with central heating in Zielona Géra.

Biological waste treatment was conducted usingatbeks of the Zielona Gora
Municipal Waste Composting Plant. The process tihthe Composting Plant
consists of four aerobic, open reinforced concchmbers among which waste
is transferred every 7-10 days. The total wastéiliation time is about 5
weeks. Waste is aerated by sucking out the gasees the bottoms of the
ferroconcrete chambers.

Samples for determination of the composition & é&xamined municipal solid
waste were taken from randomly selected vehicldvading waste to the
composting plant’'s bunker. Samples of biologicatated solid waste (BSW)
were taken at random from the chosen batches opasi®d waste.

The properties of the examined waste were detedniiyeanalysing 10 MSW
and 10 BSW samples. The group composition of theeated and treated waste
was determined in the >10 mm fraction by separatthg following
morphological constituents: kitchen and garden sjapaper and cardboard,
glass, plastics, textiles, multi-material packagimgod, metals and mineral
wastes. The group composition of the fraction wagessed as a percentage of
a constituent in the general mass of the wast¥# {(w/v).

Chemical analysis was conducted on samples of waidtteout large-size
constituents and metals. The scope of the analysisided the following
parameters: moisture, volatile substances (losggwoition at 556C), organic
carbon (Table 1). All determinations were conduditedccordance with the
procedures of Standard Methods (APHA, 1995) ansP&tandards.
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2.2. Testing stations

The laboratory tests were conducted in four reaatede from PVC pipes 0.15
m in diameter and 1.30 m in height. In the bottdreach reactor, a stub (a pipe
with a valve) was installed for draining the leaehand in the lid a stub for
discharging biogas, and a stub for dosing water,omder to simulate
precipitation.

The collected leachate was stored in a tank withmacity of 20 drh The gas
stub in the reactor’'s lid was connected by 10 mexillle pipelines to gas
burettes (cylinders with an internal diameter of Bt with graduation). The
other stub in the reactor’s lid was connected tark with water simulating
precipitation.

Before filling the reactors with waste, a 0.15 yelaof graver to simulating the
filter layer in landfill was placed on their bottenand thermocouples were
installed. Into each reactor was poured 10 kg cftevarushed to grain size <40
mm and thoroughly mixed. After filling the reactonsth waste and closing
them hermetically, dosage of water began for edcthem, at the amount of
1dn?/d, in order to saturate the waste with water.

As soon as the first quantities of leachate hayeared (after 7 days), the daily
dosage of tap water began for each of the readtotise amount simulating real
precipitate, determined based on monthly reportthefZielona Gora Institute
of Meteorology.

For one reactor filled with untreated waste and maetor filled with treated
waste were connected by pipelines to the recinaumabf leachate. These
reactors were called: SR and PR, respectivly. Engaiing two reactors were
called: reactor S — filled with untreated waste &nd filled with treated waste.
Leachate was recirculated once a week in the amafuhtin?. The temperature
in the room with the reactors ranged between 22&'@.

2.3. Process control

The process control involved the testing of thendjitvaand quality of leachate
and biogas. Quantitative tests were conducted estayyand qualitative ones
once a week. The study was conducted for 52 weeks.

The initial content of organic carbon in biodeghsléawaste stabilized under
anaerobic conditions without recirculation detertirbased on equation (2.1)
[18]:

Ceio = Corgi fBIO, (1_ W) P (2.1)

where:
Ceo — is the biodegradable mass of carbon in theéeyas
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Corg, — is the mass of organic carbon in the i-th conemo of the waste,
fa — is the contribution of biodegradable fractiororganic carbon,
W, — is the moisture of the i-th waste component,

P, — is the weight patrticipation of the i-th compat.

As biodegradable wastes were adopted the kitcheéwvegetable waste.
The content of carbon in untreated and aerobidadigited waste stabilized in

anaerobic reactors with recirculation was deterohibg the equations (2.2),
(2.3), (2.4):

CBIOR =Cqo + (C\NPRBZTS USBZTS) (2.2)
where:
Coio, — is the mass of biodegradable carbon in wasibilized in
reactors with recirculation of leachate,
Csaio — is the biodegradable mass of carbon in theeyas
Cuer, — is the mass of biodegradable carbon introduntal the reactor
with recirculated leachate,
Cus — is the mass of biodegradable carbon removed tighleachate
from the reactor,
and
. M
— C
CWPRBZT _Z Razrg (J 1 J] (23)
5 MOZ
- M
]
Cusie Z BZTS( -1 J]M (2.4)
j=1 0,
where:
Csio, — is the total load of BOD removed in the leaehat
Cao —is the total BOD load in the leachate recitioh,
Curr, —is the molar mass of oxygen,
Cus — is the molar mass of carbon.

BZT
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3. RESULT AND DISCUSSION

The properties and morphological composition of thenicipal solid waste
samples and stabilised waste are presented in Table

Table 1. Properties and morphological compositibM8W and BSW

Specification Waste type
MSW | BSW
Waste properties
Moisture, % 40.2 34.5
Loss on ignition, % of dry matter 58.5 52.2
Total organic carbon, kg/kg of dry matter 0.38 0.27
Biodegradable carbon, kg/kg of dry matter 0.10 0.057
Morphological composition
Kitchen and garden waste + 10-20 mm fraction 425 32.6
Paper and cardboard 175 14.9
Glass 9.8 125
Plastics 135 17.7
Textiles 25 2.9
Multi-material packaging 25 3.6
Wood 0.1 0.1
Metals 1.6 1.9
Mineral waste, including <10 mm fraction 10.0 13.8
Total 100 100

The Municipal Solid Waste was characterised byeaigr content of moisture
and organic carbon than a stabilised waste. The ¢@ffent in the aerobically
treated waste was lower by 29% and the biodegradairbon by 59%.

The mass of untreated and aerobically treated wstsigilized in anaerobic
reactors with recirculation (determined on the $adithe equations (2.2), (2.3)
and (2.4)) were 0.12 kg /kg, and 0.064 kg/kg, respely.

Dominant constituents of the biologically untreatedstes were kitchen and
garden remains (42.5%) as well as paper and camb{k/.5%). The

percentages of these portions in the MSW, comptaréde BSW, were higher
by 23.3% and 14.8%, respectively. The percentafjfsecother constituents in
the MSW were lower than the same ones in the BSW/; glass by 27.5%,
plastics by 31.0%, textiles by 16.0%, multi-matepackaging by 44.0%, metals
by 18.7%, and fine fractions below 10 mm by 38.0%.

Table 2 shows the rate and the production of metHaom untreated and
aerobically treated waste stabilized with and withaecirculation of leachate.
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Methane production in reactors with recirculati@R(and PR) were by 24%
and 28% higher respectively than in reactors withegirculation (S and P).
The rates of methane production were the higheshénreactor SR and the
lowest in the reactor S. The values of the metharmgluction rate varied
according to the relation SR> PR> P> S.

Table 2. The rate and production of methane fronWWed BSW from reactors with
and without leachate recirculation

Parameters S SR P PR

Methane production, din 230 | 321| 202 267

The maximum rate of methane production g 017 | 043! 019 034
s.m:d
Amounts of the methane production for each reastere determined on the
basis of daily measurements of the quantity anditguaf biogas performed
once per day over the 52 weeks of the study. Metipaoduction rates shown in
the table are determined by the maximum daily megharoduction during the
period of study.

Information about biodegradability allows us toesssthe pollution potential of
wastes during its landfilling and a degradationcedhcy of techniques used in
the MBT. The fast transformation of waste into naeih indicates its high
biodegradability and intense running of the degtiadaprocesses. This results
in a rapid exhaustion of the pollution potential whstes. The degrees of
conversion of the biodegradable waste carbon irgthame in reactors S, SR, P
and PR were determined on the basis of equatidi. (Lhe results indicate that
the degree of conversion of the biodegradable caibto methane was the
highest in reactor PR and the lowest in reactor(taRle 3). Values of A/,
index varied according to the relation PR> P> SR>

Table 3. Degree of transformation of biodegradahlbon contained in the waste into
methane

Reactor S SR P PR

W, % 10.9 125 16.6 19.7
Conversion of organic carbon in the methane in risector of aerobically
treated waste stabilized with recilculation was wb45% higher than in the
reactor of untreated waste stabilized without medation. Despite the high
production of methane in reactor SR compared tadhetor PR (20% higher),
the rate of conversion of the available carbonhi@ waste into methane was
about 36% lower. The lower value of thecM index in reactor SR
demonstrates inhibition of the methane phase mréwctor. It happens because
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the acidic phase runs more intensely and readidilable organic waste for
microbial methane participates less as comparedreéctor PR.

It is confirmed by the data available in literatunglicating that the aerobic
pretreatment of waste reduces duration of the atidse and provides
production of VFA which is beneficial for methanogsis, in particular
acetates and butyrates [10, 15]. Presence of gad@d propionic acids in the
untreated waste leads to a reduction of methanguption, because it inhibits
growth of certain microorganisms responsible forthrarogenesis [10]. The
main sources of carbon used by methane microonganere cellulose and
hemicellulose which are classified as materialdialift to degrade under
anaerobic conditions. Aerobic processing of themaplex organic substances
prior to anaerobic decomposition leads to the dgian of these complex
organic components to make them easily available niethane-producing
microorganisms [2, 10, 14, 19, 15].

Research has shown that 5 weeks aerobic pre-treathevaste by eliminating
the acid phase, accelerates the emergence of staltf@nogenesis condition in
reactors (high rates of M), and that leachate recirculation intensifies
degradation of pre-treated waste [11, 20, 16].

4. CONCLUSION

1. Preareation proved to be more significant and stihare pronounced effect
than recirculation.

2. Fast transformation of waste into methane indichigls biodegradability of
waste and intensely running processes of degradatio

3. Research has shown that 5 week aerobic pre-trettofemvaste by
eliminating the acid phase accelerates the emeegent stable
methanogenesis in reactors (high rates ofnudyY and that leachate
recirculation intensifies degradation of waste

4. Conversion of organic carbon in the methane inréiaetor with aerobically
treated waste stabilized with recirculation waswltb% higher than in the
reactor with untreated waste stabilized withoutrcedation.
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OCEAN PODATNGSCI NA ROZKLAD BIOLOGICZNY ODPADOW PRZED
| PO TLENOWYM PRZETWORZENIU

Abstract

Decydupcy wplyw na ilg¢ i czas trwania emisji zanieczyszczen ze sktadowiakudziat
materii organicznej w odpadach. Dyrektywa Rady URiiropejskiej 1999/31/WE
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natazyta na Polsk i inne kraje czlonkowskie obowdek zmniejszenia ikei tatwo
ulegapcych biodegradacji odpadéw organicznych kierowanyca skladowiska.
W krajach rozwijagcych sg, zalecan metod, biologicznej stabilizacji odpadéw przed
skladowaniem jest rozkiad tlenowy. Istgtmalet; stosowania biostabilizacji odpadéw w
warunkach tlenowych jest intensyfikacja rozktadgamicznych frakcji odpadéw do
postaci fatwoprzyswajalnej dla mikroorganizméw paol@cych beztlenowy rozktad
odpadéw na skfadowisku. W artykule przedstawiondywptlenowego przetwarzania
odpaddéw i recyrkulacji odciekdw na podatooodpadéw na rozktad biologiczny
odpadow stabilizowanych w beztlenowych reaktoracdbotatoryjnych. Badania
wykazaly, ze konwersja wgla organicznego w metanu w reaktorze odpadow po
tlenowym przetworzeniu z recyrkulagjbyta o okoto 45 % wjsza, nk w reaktorze
nieprzetworzonych odpadéw stabilizowany bez redadju

Stowa kluczowe:  wgpne tlenowe przetworzenie odpadéw, produkcja bingaz
odpady komunalne, podatim na rozktad biologiczny odpadéw
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