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Abstract

The separation of biowaste at home is a fundarhetep to improve, facilitate and
reduce the operational costs of the further treatro€ organic municipal wastes. Typically,
the traditional method to collect separately the@astes at home has been carried out using a
sealed bin with a plastic bag. Today, the use ofleno compostable bags is starting to be
implemented in society at some European countridsese bags are composed of
biodegradable polymers that are mostly based oewranle resources. In addition to the use
of compostable bags, a new model of bin is alsanpted, which has the most part of its
surface perforated and jointly with the compostdislg makes the so-called “aerated system”.
In this study, different combinations of home cadllen systems have been systematically
studied at laboratory and at home. Quantitativiig, results obtained demonstrate that the
combination of aerated bin and compostable bagnisféective system to improve the
collection of biowaste without significant gase@umsissions and to prepare the organic waste
for a further composting process as observed floréspiration indices. In terms of weight
loss, temperature, gas emissions, respiration irafek organic matter reduction, the best
results were achieved with the aerated systemhdsame time, a qualitative study of these
combinations has been carried at the home of 1®diés. Finally, more than 80% of these

families preferred the aerated system.

Keywords. aerated bin; compostable bag; waste collectioteBys composting; organic

fraction of municipal solid waste.
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1. Introduction

The Organic Fraction of Municipal Solid Waste (ORMJP or biowaste is mainly
composed of food rejects from vegetable or animigliro and small pieces of green wastes.
These wastes need to be separately collected aé honie biologically treated through
composting or anaerobic digestion, according toninw European regulations to ensure the
production of high quality compost.

Catalonia, a well-developed region in the north-ezEsSpain is implementing an
overall system of source-separated collection ef @MSW all over the Catalan territory.
The last study about the municipal waste compasitiocCatalonia was carried out during the
period 2004-2005 and showed that the OFMSW joimiith several typologies of green
wastes were 36% (32% and 4%, respectively) of dtal tweigh of collected municipal
wastes. More generally, in Spain about 23 millioh$ of MSW were collected in 2004. 2.3
millions of t of this overall MSW stream were segiaty collected and 262,221 t were
composted and 323,896 were anaerobically digesixhnish Ministry of Environment,
2008). In Catalonia, it is estimated that about 46P4he MSW are collected with some
system that implies separation at home, mainlyestigin or door-to-door systems.
Specifically, 318,354 inhabitants (about 4% of tbial population) have access to a door-to-
door collection system, which means that 55,770 liawaste could be collected with this
system (Gir6, 2006).

The management of the OFMSW (including collectiom grocessing) should be
carried out as soon as possible and under conslitttet minimize the presence of leachate
and odours due to the particular characteristicshef OFMSW such as a high density,
moisture and putrescibility. In 1993, Cataloniatetd the first experiences with the separate
collection of the OFMSW and it has been graduatiplemented everywhere. Since then, the

collection system has been continuously analyzedirmproved. Currently, different systems
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are used to collect biowaste: door-to-door andestcentainers are the most typical. In any
case, both systems have the same starting poifirghh step of separation at home, where a
bag in a bin with a total capacity of 10 L is commyoused. Traditionally, low density
polyethylene plastic bags (LD-PE) have been usetbliect the OFMSW. Most of plastics
that arrive at the composting plants as impuritiesespond to the bags used to collect and
dispose the OFMSW (Huerta-Pujol et al., 2010). Afygthylene is not biodegradable, the
presence of these bags results in a problem dthiengomposting process and makes the pre-
and post-treatment more difficult (Korner et alQ03). To avoid this problem, local
administrations are now recommending the use ofpostable bags that are composed of
corn or potato starch. The physical deterioratiod diodegradation of these bags can be
completely achieved after six days (Mohee and Un2@06).

In recent years, a new system to separate the iorgeastes at home has been
introduced. This system, known as “aerated systeorfjes from northern Europe. It is based
on the use of a perforated bin combined with treeafscompostable bags. Thus, the aeration
of the OFMSW is improved and the weight reductidrwaste due to water evaporation is
highly promoted. The continuous air exchange betvibe waste and the environment allows
the reduction of unpleasant odours, which are drtbeomost reported complaints about the
OFMSW separation at home. Moreover, the aeratedersysncreases the mechanical
resistance of the compostable bag by drying theshagce.

The improvement of the OFMSW quality due to theagahzed use of compostable
bags could have a notable influence on municipatevenanagement, since its treatment cost
often depends on the percentage of impuritiesetturce-separated fractions. In general, the
waste taxes are used to optimize the municipatl seiste management and to improve the
biological treatment of the OFMSW to obtain biogasd/or high quality compost. For

instance, in Catalonia, a specific tax is appl®ary municipal waste that is finally disposed
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in a landfill or burned in an incineration plantO(€ ' and 5 € t, respectively) without
previous separate collectioddencia de Residus de Cataluny006). The tax refund is
returned to compensate the municipalities for th&t of source-separated collection and for
the maintenance of existing plants and construationew biowaste treatment plants (using
biological process such as composting, anaerolgestion or the combination of both).
Specifically, in Catalonia, part of this tax isueted to the municipalities and it is calculated
according to the quality and quantity of the sefgataollection of the OFMSW. Obviously,
the final value of returned money is also highlpeiedent on the people’s participation in the
separation of source-separated collection systemghacould presumably increase with the
use of the aerated system since they results are satisfactory for the population. In any
case, the economic results of implementing thiatadrsystem for a municipality depend on
all the abovementioned factors and need a deegsisal

From the Life Cycle Assessment (LCA) point of viemlarge number of processes are
included for waste management systems. Literateperts many studies on LCA of solid
waste management and/or treatment processes (Bie208; Banar et al., 2009). In this
framework all the data obtained in the storagenef@FMSW at home can help to undertake
a more complete LCA on the overall process of wasiaagement.

Therefore, the main goals of this work are: i) ®tedmine the efficiency of the
different combinations to separate the OFMSW at éxaerated or non-aerated bin and
compostable or non-compostable bag) using quamétdata on the characteristics of organic
matter found in each system, ii) to study the usthe compostable bags in society and its
repercussion on the impurities content of the OFM&Wimplementing all the storage
systems available for the collection of OFMSW aimle and iii) to estimate the economic

viability of the aerated system for municipalities.
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2. Materialsand Methods
2.1. Bins

Two different types of bins have been used in ¢higly. The first one is the typical
closed bin. Normally, this bin has a rectangulasngetry with a total capacity of 10 L and it
is totally closed. Figure 1 shows an image of tyygical non-aerated bin used at home

together with the aerated bin. Both bins have #mestotal capacity and geometry.

2.2. Bags

LD-PE (referred as plastic), compostable biopolhsr({dater-Bi® product) and paper
have been the materials of the bags considerdusrstudy to collect the OFMSW. Table 1
shows the main properties and general characteyisfithese different bags. At present, the
plastic or non-compostable bag (nCB) is still thestmwidely used in Catalonia. The
compostable bags (CB) are made from the synthdédisopolymers obtained from natural
resources, which can be biologically degraded. Epalty, the compostable bags used in this
study were made of corn starch. The paper bags #rBpbviously fully biodegradable but
they have resistance problems when wet wastes raedéess weight are collected. Unlike
plastic bags, which are made of fossil fuels, the materials of compostable and paper bags
are obtained from crops. The images of the thrpe tf bags above described are shown in

Figure 2.

2.3. Experimental design at laboratory

All the possible combinations among the bins argklescribed were studied, i.e. (i)
aerated bin with compostable bag (AB-CB), from nmwthe aerated system, (ii) aerated bin
with non-compostable bag (AB-nCB), (iii) non-aedhtéan with compostable bag (nAB-CB)

and (iv) non-aerated bin with non-compostable e&BnCB). Triplicates of all these tests
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were carried out in the laboratory. One more saropldhe combination (i) was also placed
outdoors, since sometimes the bin of the OFMSWadsequl outside. To study the use of the
paper bag (PB), one more assay was included (ificdig) only with the aerated bin (AB-
PB).

Once the combinations were defined the experime&ate carried out as follows:
- A quarter part of the total capacity of each Wwims daily filled with the OFMSW. After the
fourth day the bins were totally filled. Thereforewas considered that the experiment was
finished. Only the bin placed outdoors was mondouatil the seventh day without adding
more waste.
- Every day the raw waste added and the weightevafter a 24-h period were measured to
know the weight loss of each combination. Tempeeatas also monitored. This measure
was determined in the centre of the solid matersithg a temperature probe (Pt-100, Desin
Instruments, Barcelona, Spain). Additionally, theygen concentration was also measured
inserting an oxygen sensor (Lutron 5510, Lutron Ciul., Taiwan) in the centre of the
organic matrix, where the minimal concentrationndérstitial oxygen was observed.
- The concentrations of four specific gases (methaO, ammonia and total Volatile
Organic Compounds (VOCs)) were daily determinedeath bin. To determine the gas
concentration, each bin was isolated during 30 tesmin a cylindrical container of a total
volume of 30 L. Afterwards, the gas around the Wwizs sampled in a Tedlar® bag and
analyzed by gas chromatography as explained amdtegpin Cadena et al. (2009a).
- To finish the study, the material obtained inteagperimental combination was analyzed.
Moisture, organic matter content and respiromeassays were undertaken. These three

parameters were also determined in the initial $ammfpthe OFMSW.

2.4. Home experiments



172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

A hundred families of four Catalan municipalitiesene responsible for testing the four
possible combinations among compostable and norpastable bag and aerated and non-
aerated bin with the organic wastes that each yageherated at your home. The families
were asked to test all the combinations in the detapuse of each system: filling the bin
several times, observing leachate production amectieg unpleasant odours, as well as the
performance of each bag tested. These families welentary people from each of the
municipalities participating in the study, which neeselected to be in each of the four
provinces of Catalonia (Barcelona, Tarragona, ldeadd Girona). Finally, 25 families were
selected from a large number of volunteers for shigly. These families were selected trying
to include several typologies: marriages, marriagigés one or two children and old people
who live alone. The experiment using the differemtnbinations of bin and bag was carried
out during eight consecutive weeks by a study te&rfour people who filled a complete
questionnaire after visiting each of the familytp#pating in the study once a week. Every
two weeks only one combination was tested. Sewralitative aspects such as separation
incidents, resistance of bags, odour detectiongameral level of satisfaction were recorded

after each period of two weeks when one combindtamhbeen tested.

2.5. Organic Fraction of Municipal Solid Waste (OBW/)

The used OFMSW to carry out the laboratory expemisievas collected from the
Mancomunitat de la Plan@omposting plant (Malla, Barcelona, Spain) the eamay of
starting the assays. The OFMSW comes from a dedptw collection system. In the home

experiments the OFMSW used was composed of thagrgastes produced by the families.

2.6. Analytical Methods
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Water content, Dry Matter (DM) and Organic Matt&\{) content were determined
according to the standard procedures (The US Dmepatt of Agriculture and The US
Composting Council, 2001).

To obtain the Dynamic Respirometric Index (DRI), crobial respiration was
measured as Lconsumption in a dynamic respirometer built aradtet-up by Ponsa et al.
(2010), which was based on the methodology destrilye Adani et al. (2006). The DRI
represents the average oxygen uptake rate durs@4kh period of maximum biological
activity observed during the respirometric assayrrally, it is achieved between 24 or 48
hours after starting the test) and it reports tlaenmal stability degree (Adani et al., 2004;
Ponsa et al., 2010). It is expressed in mg gfc@rsumed per g of organic matter (or dry
matter) per hour and measured in triplicate assays.

As previously commented, the monitored gases (methigO, ammonia and VOCSs)

were analyzed following the methods developed aadesl-up by Cadena et al. (2009a).

2.7. Economic balance

The economic balance was estimated by relatingeiperimental difference found
between the weights of the OFMSW collected per yieaugh the aerated (AB-CB) and the
traditional system (nAB-nCB) and considering thesiga tax refund and the OFMSW
treatment cost. The balance presented in this whdws the results for a municipality of
4999 inhabitants (small-size municipality) with @od-to-door collection system, as example,
and assuming an average value of the OFMSW codlexft6.332 kg inHt day". The data and
local prices necessary to calculate the econonmanba were provided by the Catalan Waste
Agency Agencia de Residus de Catalung09; 2010).

In the year 2010, part of the tax of MSW dispositio landfills or incineration plants

was assigned to the source-separated OFMSW treatar&h to improve the selective
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collection of this fraction, both points as taxumd for the municipalities. This refund is
calculated as a function of two points. Regardimg ©FMSW treatment, the municipalities
that deliver the source-separated OFMSW in a bic&greatment facility receive 33.5 € per
tonne of waste. Regarding the OFMSW separated atiofe the quality of the OFMSW
treated with biological treatments is encouragednigans of two correction factors that
multiplies a standard value assigned to the cadieaif one t of the OFMSW (8.6 €)t One
factor (Z) depends on the number of inhabitantsl(28 or 1.5 for a number of inhabitants
over 50000, between 5000 and 50000 and below 5@8pectively). The other correction
factor () is calculated according to the impustontent of the OFMSW collected using the
equation: Y=-0.1X+2.5, where X is the percentagemgifurities (in total weight). In general,
the equation that describes the tax refund is é&x¢ @quation 1):

Tax Refund = Weight collected (t) -33.5 €+ Weight collected (t)-8.6 €(Z+Y)
(Equation 1)

On the other hand, the OFMSW treatment prices lae alculated as a function of
the impurities content and the total weight cokelctTable 2 presents the list of prices used in
Catalonia during 2010.

In order to compensate the possible negative baltdrat the weight reduction of the
aerated system can produce (minor weight colleatedns a reduction of the treatment cost
and of the tax refund), an increase of the citizpagicipation must be assumed. In this case,
the increase of the source separation of OFMSWeckatl provokes a decrease of the total
waste disposed in the landfill. Accordingly, thevisgs in the landfill cost must also be
considered in the economic balance. The landfit éi®an average value of 40%plus a tax

of 10 € t&.

3. Results and discussion

10
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3.1. Laboratory experiments
3.1.1. Weight losses

The cumulative weight reductions of the OFMSW afdi in the six combinations
studied is shown in Figure 3. The evolution of éxperiment placed outdoors was followed
during seven days, while the other ones were falbauring four days. Results are presented
as the average value of the replicates (excepth®mistudy performed outdoors, where only
one experiment was monitored). As can be obsethedaerated bin combined with the paper
bag presented the highest weight reduction. Howekerpaper bag was rapidly discarded as
a result of its low resistance to moisture andpadraeterioration. It seems evident that even
with the aerated bin these bags are not suitabl¢hto OFMSW collection at home due to
their low mechanical resistance with a wet matesigh as the OFMSW. Without considering
the paper bag, the combination with the highestgiatereduction was the indoor aerated
system that achieved a total weight reduction of Snultaneously, after four days the
weight reduction of the outdoor aerated system avdyg 3%. Non-aerated bin in combination
with compostable bag presented an overall reduatio@%. Finally, all experiments with

non-compostable bags had practically negligiblegiveieductions (<1%).

3.1.2. Temperature monitoring

Figure 4 shows the evolution of temperatures dutimg experimental monitored
period. In order to determine the influence of éx¢éernal conditions on the bin temperature,
the environmental and laboratory temperatures \ats@ recorded. As can be observed, the
laboratory temperature was around 20 °C durinditeetwo days; afterwards it decreased 2
°C. The environmental temperature was more ordesstant at 17 °C until the fourth day of
study. From this day, the environmental temperatdeereased considerably. The last

temperature value recorded was below 14 °C.

11
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All the experimental bin temperatures were wittia tange of 20 to 30 °C. In general,
excluding the combinations with non-aerated binsglear relationship between the bin
temperature evolution and the external temperatwes not observed. However, a
considerable change in the external temperatureaffaat the bin temperature, as it occurred
at the end of the outdoor experiment.

The temperature profiles showed that the indooratadr system favoured the
composting conditions. It could be suggested thatcomposting process started by itself in
the bin due to the high temperatures maintainethguhe experiment. The results obtained
for the outdoor aerated system showed a similarirmax temperature than the one of the
indoor system, although its evolution was differenoin the rest of aerated bin experiments.
After starting, the temperature profiles of theaded bins increased. Contrarily, in the outdoor
aerated system the temperature only increasedtfierthird day. It can be hypothesized that
this was due to the difference between the laboraaad the environmental temperatures.
From the fourth day, the temperature of the outdogreriment decreased approximately 10
°C. The material compaction and the environmemtalperature decrease were probably the
causes for this decrease.

Nevertheless, these results must be carefully prééed because the temperature
observed in the bin is directly related to its vo& which in this case was 10 L. For larger
volumes, organic matter tends to accumulate hehhagher temperatures are to be expected

as shown in previous results (Barrena et al., 2006)

3.1.3. Gaseous emissions
Table 3 shows the emissions profiles of the gasesidered (methane, ammonigON
and VOCs) for each experiment. The gaseous emsssiva expressed as mg of gas

compound emitted per hour and in form of cumulatweissions for each gas. In general,

12
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lower gaseous emissions were obtained when thevalere compared to the industrial and
home composting processes, although this fact eandonsequence of the different ranges of
temperature and pH observed at full-scale (Cademéd,e2009b; Colon et al., 2012). When
emissions are equal to zero, it implies that alamzioncentration level of each pollutant was
found in atmospheric air when compared to the hirrosinding air. In some cases, the
emissions of the gases analyzed were close tdht@shold. In any case, taking into account
that the NH measures were always below 17 pgodour threshold), the best combination
should be considered as a function of the envirartaiempact of CH and NO as CQ
equivalents: 25 kgco, and 296 Kgycos respectively (IPCC, 2006). Adding the €0
equivalents of Ckland NO for each combination the results showed that igoifscant
differences were observed (data not shown).

Unfortunately, no literature values have been fotm@ompare the values found in
this study with similar systems. However, the dat@sented in this work could be useful to

undertake an overall Life Cycle Assessment on tABMI®W management and treatment.

3.1.4. Respirometric Indices, dry matter and orgamatter content

Initial values of Dynamic Respirometric Index (DRéry matter and organic matter
content of the OFMSW collected are shown in Tabjeidtly with the final values obtained
for each combination of collection system testedmiost cases, the DRI increased after the
experiments. This could mean that after the sejparait home the composting process
already starts. This is a typical observation omposting process where the value of the
initial DRI is usually lower than the value of thisdex during the initial moments of the
OFMSW decomposition (Ruggieri et al., 2008).

The most significant increase of DRI was obsen&dgicompostable bags, except for

the outdoor aerated system, which produced thedbwedue. In addition, high DRI values
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obtained with the use of compostable bags were staistically different from the initial
DRI value. The low DRI of the outdoor aerated syst@as probably due to the final low
temperature found in this system. In fact, the mote¢emperature effect on the DRI is not
known. Since no exterior experiments at higher remvhental temperatures were undertaken,
it can be hypothesized that the microbial poputaiosesponsible for the biodegradation
needed a higher adaptation period when the temyerat considerably low as it is important
to note that the DRI is a single measure of théogioal activity at 37°C (Ponsa et al., 2010).

On the contrary, the differences in the dry madied organic matter contents for the
samples at the beginning and at the end of theriexpets were no statistically significant. In
conclusion, both parameters cannot be used fosttiay of the material evolution in such a
short period of time and the use of DRI seems radegjuate.

Additionally, in other similar experiments (datatrghown), the monitoring of the
interstitial oxygen percentage in the waste in ssviays was followed. In general, a gradual
decrease of the oxygen percentage was observelll imleacombinations studied (AB-CB,
AB-nCB, nAB-CB, nAB-nCB).After two days, the non-aerated bins registerexagen
level close to 11%, whereas an oxygen content &b #8s measured in the aerated bins.
From the fourth day, all measures were below of B¥#the end of the experiment, AB-CB
combination showed that the aerated system maeddime highest oxygen levels although
these values were always low (around 3%) when cosdptp the air level (20.9%). In the
other cases the oxygen measures were below 1.5%.iFtanother indication of a high

activity in the aerated system without oxygen latidns.

3.2. Home experiments
The qualitative monitoring of the home experimemés basically focused on practical

aspects such as the bin location at home, the deaistics of the wastes collected, storage
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time at home, satisfaction level (odours, bag tasce, etc.), personal opinions about the best
system and why, among others.

After the experience with the several combinatiohshe collection systems tested,
the same survey was sent to all the project ppétts. All the families participated in the full
experiment and none of them drop out. The genemllts showed that the aerated system
was the most satisfactory combination. However,esomidences with this system were also
commented. The most frequent incidences reportetk vilee apparent fragility of the
compostable bag, an insufficient bag size and tfiiewdty to remove the bag from the bin
and to tie it up. Some participants expressed doalbbut the behaviour of the aerated system
with higher ambient temperatures that were nothedcduring this set of experiments,
although the study was undertaken in a relativedymvseason (from April to June of 2010
when the recorded temperatures were within 10 t8C)5At the end of the experience, 85%,
90%, 80% and 80% of the people of each municipadigferred the aerated system. The
percentage of incidences using this system (maialgited to the apparent fragility of
compostable bags and an insufficient bag size) weend 10% of the participating people.
No incidences were reported on the detection ofaagant odours, leachate or bag breaking
in the case of the aerated system.

On the contrary, severe problems of leaching aedptiesence of condensates where
reported with the non-aerated bin, which seemedmpatible with a compostable bag that in
most cases was highly deteriorated because of meisixcess and wetting. In the case of
plastic bags, there was no bag deterioration, Hriptoblem of leaching and condensation of

moisture, which finally resulted in odour problerssl| remained.

3.3. The use of compostable bags

15
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One positive aspect of the use of compostable twagarry out the source-separation
of the OFMSW is that their use is parallel to afoimation campaign on the benefits of
waste separation at home. In Catalonia, the availdata obtained from the Catalan Waste
Agency Agéncia de Residus de Catalun@09) confirmed these benefits. In summary, the
mandatory use of the compostable bag in door-to-@odection systems resulted in the
lowest level of impurities (1.54%, Table 5), whexaghen the compostable bag use was not
mandatory the level of impurities was six timesheig Collection systems based on street
containers also showed a significant reduction nopurities percentage when the use of
compostable bags was introduced (4.61% vs. 12.06%e 5).

The OFMSW with such low presence of impurities d¢antreated in composting
plants technologically simple, with low investmemtd operating costs since some specific
equipment to remove and manage impurities may eatdzessary. Moreover, the absence of
impurities can help in implementing community corsiiag, as it is described in some north-
European countries (Pires et al., 2011).

Finally, some aspects about the presence of comigesplastics in compost must be
commented. Klauss and Bidlingmaier (2004), in tls&iidy about the compostable packaging
materials, concluded that the biopolymer additmmorganic waste did not affect the compost
quality and it is application for agricultural pages. Moreover, Nakasaki et al. (2000) found
that biodegradable plastic can be used as ‘acatves’, which means that it is not acid itself
but it degrades and releases acid intermediataagdtite composting process, which can
partially avoid some part of the ammonia emissioipserved during the composting process

and part of the cost of treating these emissiongdRs et al., 2005).

3.4. Economic viability of the aerated system fanmipalities
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At present, different taxes are being revised astdbdished to regulate the waste
collection and treatment for municipal solid wastethe international context. When organic
matter from municipal wastes is considered, itviglent that both the quantity and the quality
of these organic materials are crucial to deterntivgefinal cost treatment, especially when
biological processes are implemented. Specificall{;atalonia, part of the tax that is applied
to each t of municipal solid waste that is disposed landfill or burned in an incineration
plant without previous source-selection is returb@dhe Catalan municipalities where the
organic fraction is collected separately and trddebiological waste treatment plants, in an
attempt to force all the municipalities to implerheach source-separated collection systems.

From the economic point of view, it is not cleathe implementation of the aerated
system at home would be favourable for all the mipaiities. As it has been determined in
this study, the aerated system favoured a highéghiveeduction and a lower impurities
percentage. These two combined facts imply that aéplacing the traditional system (nAB-
nCB) by the aerated system (AB-CB), the economiarz® of the municipalities can change
and must be analyzed in detail. On one hand, thghiveeduction will imply less return of
the tax but again it is necessary to calculate weght reduction if other bin volumes are
used, since the temperature profile would be diffieand this obviously affects the resulting
weight reduction. On the other hand, the tax refoad increase because of the impurities
reduction (in the case of aerated bin) and thedrigiarticipation in the source-separation
collection programmes as people show a higher lglvehtisfaction using the AB-CB system.
Therefore, the economic balance is not straighodfor each municipality.

For instance, assuming a total collection of théS®/ with the traditional system of
606.55 t yeat as calculation basis (it corresponds to a caseswhall-size municipality) and
assuming that after 3 days the weight reductiooutn the aerated system is around 4.3%

(Figure 3), the results of the economic balanceraiinplementing the aerated system
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confirmed a slightly negative difference (-353.9y¥e@f", Table 6). To solve this problem it is
necessary an increase of the citizens’ participatitocompensate this weight reduction that
the aerated system produces because it appeans panameter in the economic balance,
which is the reduction of landfill or incineraticost (Table 7). Specifically, for the case
analyzed the source-separated collected OFMSW dliocdease only from 0.332 to 0.335 kg
OFMSW inh! day' i.e., 0.93%. According to the level of satisfantiassociated to the
aerated system, it is reasonable to predict tlepérticipation will increase with this system
after an informative campaign, where the optimalrabteristics and benefits of the aerated
system are detailed. In fact, the aerated systempiacing other traditional systems used in
Catalonia used for the collection of OFMSW althougio official data are available.
Nevertheless, further research and implementationitaring of this system should confirm

these points.

4. Conclusions

The aerated system (aerated bin with compostadmg fpermits to reduce part of the
moisture of the OFMSW due to the breathabilityhwge bags and the bin holes. This implies
that less waste has to be collected.

Different weight reductions were detected in ak ttombinations of bins and bags
studied. The highest weight reduction was obtaimethe aerated system (5% after four
days). On the contrary, the lowest weight redustislere measured in non-aerated bins: 1.0
% and 0.8% in combination with compostable and campostable bags, respectively.

Temperature, interstitial oxygen and dynamic nmedjgin index determined in the

aerated system demonstrated favourable conditmrteé biowaste storage at home.
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The gaseous emissions around the bin were stutiredata presented in this study
could help to undertake a complete Life Cycle Assent considering the separation of
organic wastes at home as the first step.

From the home experiments it can be concludedtiiea¢ was a high level of citizens’
satisfaction after using the aerated system. Typiegative issues related to the storage of
organic matter at home (bad odours, leaching,, fé&s) were not detected.

The economic estimation of the fully implementataf the aerated system according
to the Catalan taxes on waste disposal showedltlglnegative result for the municipalities
tax refund. However, the increase in the partiogpabf the source-separation of organic
matter due to the higher level of satisfaction d@hd absence of the above-mentioned

problems with the aerated system should easily emsgte this slightly negative result.
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Tables

Table 1: Characteristics of plastic, compostable and pbpgs to collect the OFMSW at

home.

Plasticbags  Compostable bags Paper bags
Raw material Fossil fuels Specific crops Wood
Biodegradability No Yes Yes
Compostability No Yes Yes
Breathability Low High Very high
Visual inspection of No Yes No
wastes
Mechanical resistance +++ ++/+ +/0
Sealing +++ +++ ++/--
Manipulability Good Good Difficult
OFMSW contaminant Yes No No
Storage space Low Low High

where: +++: high; ++: normal; +: low, o: very low and --: inexistent.
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Table 2: Average treatment cost of the OFMSW treatment fametion of its content of

impurities in weight percentage (in € {Agéncia de Residus de Catalung@09; 2010).

Impurities (%) 0<%<5 5<%<10 10<%=<15 15<%x20 20<%=<25 25<¥%x30 30<%=35 35<%<40

Cost (E1) 41.27  45.65 49.41 52.25 58.08 63.31 73.76 74.52
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Table 3: Gaseous emissions detected expressed as rate @m(sgj of contaminant

emitted per hour). Total cumulative emissions &se adicated in mg.

Combination* dayl | day2 day 3 day 4 Total dayl | day2 day 3 day 4 Total
CH.4 (mgh™) (mg) VOC (mgh™) (mg)
AB - CB 0.00 0.14 0.07 0.08 7.0 0.0¢ 1.77 1.2p 0.0b 737
AB -nCB 0.00 0.10 0.11 0.08 7.0 0.0¢ 0.0( 0.0p 0.08 2.9
nAB - CB 0.11 0.13 0.13 0.05 10.1 191 0.00 0.00 0.0 458
nAB - nCB 0.08 0.04 0.21 0.06 9.4 1.06 0.0( 0.0p 0.00 25|14
AB - PB 0.09 0.00 0.00 0.08 4.1 0.0d 3.23 2.61 0.18 144.5
AB - CBi 0.14 0.03 0.03 0.05 6.0 0.0d 244 2.2 0.2 118.1
AB - CB (Ext.) 0.03 0.10 0.05 0.09 6.5 0.0d 244 0.8p 0.0 79(0
N2O (mg h) (mg) NH3 (mg h™) (mg)
AB - CB 0.013 | 0.016 0.110 0.007 3.5 0.00 0.04 0.0p0 0.( 01
AB -nCB 0.025 | 0.015 0.114 0.059 51 0.00 0.04 0.0p0 0.( 01
nAB - CB 0.011 | 0.040 0.065 0.009 3.0 0.00 0.04 0.0p0 0.( 9 2
nAB - nCB 0.013 | 0.015 0.038 0.004 1.7 0.00 0.04 0.0p0 0.( 01
AB - PB 0.031 | 0.026 0.097 0.003 3.8 0.00 0.0D 0.0p0 0.( 91
AB - CBi 0.028 0.032 0.116 0.003 4.3 0.00 0.0p 0.000 0.q 9 1
AB - CB (Ext.) 0.011 0.039 0.013 0.004 1.6 0.00 0.0p 0.000 0.q 9 1

*AB-CB: aerated bin and compostable bag; AB-nCBrated bin and non-compostable bag;

NAB-CB: non-aerated bin and compostable bag; nAB:n@on-aerated bin and non-

compostable bag; AB-PB: aerated bin and paper Iigsults are presented as average of three

replicates. Standard deviation was very low arid ot presented.
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Table 4: Initial and final content of dry matter (% DM), ganic matter (% OM) and

dynamic respirometic index (DRI) determined forleaample.

Initial Final
Combination* DRI DRI
% DM % OM % DM % OM
(mg O, gOM ™ h?) (mg O, gOM™*h?
AB -CB 7.60 + 0.03 25.6+0.9 80.5+0.1
AB -nCB 7.2+0.3 28.1+0.1 89+9
nAB - CB 49+0.3 32+6 91+3
55+1.0 32+2 865
nAB - nCB 6.3+0.1 295+03 935
AB - PB 6.3+04 34 +1 88.4+0.4
AB - CB (Ext.) 5.00 £ 0.03 31+2 88 +1

*AB-CB: aerated bin and compostable bag; AB-nCBrated bin and non-compostable bag;
NAB-CB: non-aerated bin and compostable bag; nAB:n@on-aerated bin and non-
compostable bag; AB-PB: aerated bin and paper lixgsults are presented as average of three

replicates together with the standard deviation.
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Table 5: Impurities content in weight percentage found iffedent collection systems

and the use of compostable baggéncia de Residus de Catalung809).

Impurities content

(%)
Not defined 12.06 6.07 11.63
Compostable Mandatory 4.61 1.54 1.73
bag use Recommended 9.68 6.76 9.07
Overall average 11.33 5.06 10.34
Road Overall

Container Door-to-door  average

Collection system
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Table 6: Economic balance assuming that no increase imitteens’ participation will

occur in the OFMSW source-separated collectiord{stucase).

OFMSW collected Savings in the ,
» L Tax Refund Final
Impurities (t year) _ treatment of
_ Difference  decrease balance
(weight, %) Non-Aerated Aerated L OFMSW
(t year) (€ year)) (€ year))
system system (€ year)
5.06 606.55 580.47 26.08 -1544.52* 1190.55** -3%3.9

* 154452 € yeat = 26.08 t yeat x 33.5 €1 + 26.08 t yeat x 8.6 € t* x 1.5 (correction
factor for a municipality of less then 5000 inhahis) x Y (correction factor for
impurities =-0.1 x 5.06 + 2.5 = 1.994)

** 1190.55 € yeal = 26.08 t yeat x 45.65 €1 (Table 2)
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Table 7: Economic balance using a calculation basis of @6.§ear' of generation of the OFMSW (case of a municipatify4999
inhabitants). The expected increase in the citizeadicipation in the source-separated collectdbrthe OFMSW is calculated to compensate

the decrease in the returned tax to the municypalit

OFMSW collected

N Difference Difference
(t year) . _
N non-aerated Savings in the non-aerated system  Savings in )
Impurities  Non-Aerated  Non-Aerated Tax Refund . Final
) Aerated and treatment of after and before the landfill
(weight, system system decrease ) ) balance
system (after  aerated ) OFMSW increasing the cost )
%) (0.332 kg (0.335 kg , (€ yeat") ) o ) (€ year)
weight system (€ yeat) participation (€ year)
OFMSW OFMSW . (tyoar) (¢ yoar)
reduction ea eaf
inh™ day") inh™ day") Y Y
5.06 606.55 612.19 585.87 20.71 -1226.9 945.4Y 5.64 282.00 0.90 (~0.0)

@ Assuming and increase of participation of 0.93%

@ Assuming a weight reduction of 4.3% with the aedatgstem

®)1226.5 € yeat = 20.71 t yeat x 33.5 €T + 20.71 t yeat x 8.6 € ' x 1.5 (correction factor for a municipality of &then 5000 inhabitants) x Y (correction factor for
impurities = -0.1 x 5.06 + 2.5 = 1.994)

4 945.41 € yeat = 20.71 t yeat x 45.65 €1 (Table 2)

®) 282.00 € yeal =5.64 t yeat x 50 € t* (40 € t* of average landfill cost plus a tax of 10% t
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Legendsto Figures

Figure 1. Image of the bins used in the study. Left: non{aerain (nAB); Right:

aerated bin (AB).

Figure 2: Image of plastic bag (nCB) (left), paper bag (P&)ntre) and biodegradable

bag (CB) (right) used in this study.

Figure 3: Cumulativereduction weight obtained daily for each combinmated bin and
bag. AB-CB: aerated bin and compostable bag; AB-ré&Bated bin and non-compostable
bag; nAB-CB: non-aerated bin and compostable bA&-nCB: non-aerated bin and non-
compostable bag; AB-PB: aerated bin and paper [Bagults are presented as average of

three replicates jointly with the correspondinghsliard deviation.

Figure 4: Evolution of the temperatures measured inside danhand around them

(laboratory and environmental). AB-CB: aerated himd compostable bag; AB-nCB:
aerated bin and non-compostable bag; nAB-CB: noate@& bin and compostable bag;
nNAB-nCB: non-aerated bin and non-compostable b&yPB: aerated bin and paper bag.
Results are presented as average of three reglijpatdly with the corresponding standard

deviation.
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Fig. 1
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Fig. 2
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Fig.3
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Fig. 4
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