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Abstract

BACKGROUND: Volatile organic compounds (VOC) em@siduring composting process
has been pointed out as the main responsible forsogenerated in these types of waste
treatment plants causing social rejection. In thwk, VOC emissions from the source-
separated Organic Fraction of Municipal Solid Wag@&MSW) composting process has
been investigated in 50 L pilot reactors operatinger different aeration control strategies
during the active decomposition stage.

RESULTS: Traditional implemented aeration contrgtions such as Oxygen feedback
control or Cyclic on-off aeration have been comga® VOC emissions under an Oxygen
Uptake Rate (OUR) control strategy. Total VOC einis§mg C nt’) and VOC composition
(%) have been determined during the first activeodgosition stage of composting. Study
of VOC composition indicated a high presence opdees. Carcinogenic compounds, as
furans, have been occasionally found at very lowceatration. Results indicate some

differences in VOC composition according to theaien strategy used.

CONCLUSION: The evolution of total VOC emissionssa@latively similar, being high in
the first days of the process. However, the resalitained show some differences in VOC
composition according to the aeration strategy u3é& OUR controller provided a more
steady emissions profile, which will be of help tbe performance of further gas treatment

operations, specially biological systems.

Keywords. VOC emission; OFMSW treatment; Composting; Procamstrol; Terpenes;

Oxygen Uptake Rate.



INTRODUCTION

Sustainable management of resources, waste mirtionzand its valorization has been the
common objective of plans, directives and regufegion recent decades. The main objective
is to reduce the negative environmental impactegaad by wastes during their whole life
cycle, from production to final disposal. Regardisigdegradable wastes, and as a result of
the Directive 1999/31/EC on the limitation of laiidfas final destination for this type of
waste, different management and treatment optioeasbaing implemented, especially the
composting processin recent years, the direct consequence of thieses mnd policies has
been the proliferation in developed countries ofvneaste treatment plants and the
modification of the existing ones.

However, it is well known the opposition that thype of facilities generates in most
citizens (social rejection). This problem regardarganic waste treatment is caused, in many
cases, by the inconvenience caused by unpleasard meleased during the treatment. These
odors are mainly associated to the emissions o&ti®lorganic compounds (terpenes,
alcohols, ketones, sulfur compounds, amines, eiod ammonid® Nevertheless, the
discomfort caused by these emissions is often rfiagriy a lack of reliable data in existing
plants to provide objectivity and scientific rigiorthis problem.

Eitzer (1995} and Staley et al. (2008)tudies are particularly relevant in the
characterization of emissions from organic wastelogical treatments. Eitzer (1995)
exhaustively determined the volatile organic commusu found in the emissions from
municipal waste composting plants and their refsiop with the process. Staley et al.
(2006) studied the emission of VOC from aerobic amderobic processes. This study
emphasized the contribution to the overall emissioine stripping phenomena caused by the
forced aeration of the aerobic processes. Terpandsketones were shown as the most

abundant compounds.



At pilot scale, Pagans et al. (2006) determinedrtfieence of the type of waste in the
total emission of VOC comparing some urban and stril waste$. Komilis et al. (2004)
determined the main VOC emitted in yard waste castipg (mainly terpenes, alkyl
benzenes, ketones and alkanes), food waste (sylfadeds and alcohols) and the process
stage where the emission was higher (thermophtiged® Goldstein (2002) suggested
terpenes, alcohols, aldehydes, volatile fatty aadsmonia and various sulphide compounds
as the main responsible for odor in compostingtpfan

Other authors have studied the influence of opsggtarameters, such as aeration or
turning frequency, in VOC emissions. Buckner (200R)ersely correlated odor level and
oxygen concentratiohGage (2003) and Ruggieri et al. (2009) proposedsomes to be taken
in to account in the composting plants to minimthe discomfort caused by odor; an
adequate preparation of the initial mixture andugioporosity to ensure aerobic conditions
during the whole process are some examples of theasure&?’

Puyuelo et al. (2010) developed a new control esiafor aeration in the composting
process? This strategy, based on the maximization of thgg@r Uptake Rate (OUR), was
compared with standard controllers in terms of gpetemands, aeration requirements and
stability of the final compost. According to thio, standard controllers used at industrial
composting facilities are the cyclic aeration coldr (fixed cycles of on-off airflow) and the
oxygen feedback controller (based on the airflownipalation by means of the oxygen
content measured in the exhaust gas).

The objective of this work is to study VOC emissaturing the composting process
of the Organic Fraction of Municipal Solid WasteH{@SW) under the three different control
strategies stated above: OUR maximization contgtlic control and oxygen feedback

control. The study has been performed at pilotesaaing OFMSW as substrate, since this is



a studied waste in composting environments. Aarstary objective, the main compounds

detected for each controller are also presented.

MATERIALSAND METHODS
Waste composted
The waste used in these experiments was sourcgtetl@FMSW mixed with pruning waste
as bulking agent. The mixture (with a volumetritiadl:1) was collected in a composting
plant located in Manresa (Barcelona, Spain), witlpaaticle size of 80-120 mm. The
impurities fraction in the OFMSW is about 13% iniglg, mainly plastics, glass and metals.
A total weight of 400 kg was collected to carry @lk the experiments with the same
material. The mixture was collected in 30-L pladiags. After collection, a homogeneous
sample was used for waste characterization arntti@llemaining waste was frozen at -18 °C
in 1-L sealed bags. Before starting-up each conmpsixperiment, the material was thawed
at room temperature for 24 hours. Approximatelghemonths were necessary to undertake
the experiments. Three concurrent rounds were peed, carrying out two simultaneous
experiments for each round. It was considered file&zing did not change the biological
activity of the waste during this peridt.

The main parameters of chemical characterizatighefnitial OFMSW collected and
the final products obtained from each experimeatsnown in Table 1. Dry matter, organic
matter, organic carbon and total nitrogen were rdeteed according to standard

procedures?

Composting pilot plant



The results presented in this study were obtaingul@ scale using an adiabatic cylindrical
reactor with an operating volume of 50 L. Approxteig 25 kg of OFMSW and pruning
waste were treated in each experiment. A schertteegfilot reactor is presented in Figure 1.

Reactor wall was thermally isolated with polyuretegdoam in order to avoid heat
losses. A perforated plate was fitted into the dyotof the reactor to support the material, to
help leachate removal and to optimize the airflogutation. Two orifices were situated at
the bottom of the reactor, one to introduce aimfra compressor and another for leachate
removal. Two more orifices were situated on thedoper. One was used to insert a Pt-100
sensor for temperature monitoring (Desin InstrumeBarcelona, Spain), which was placed
at middle height of the material matrix. The otloeifice was used to remove the exhaust
gasses in order to analyze its composition. Oxymgecentration was continuously measured
(and registered every 2 minutes) with an oxygers@e(Xgard, Crown, UK) placed after a
refrigeration chamber to avoid wet gas passingutliinacthe gas analyzer. VOC composition
was determined by gas chromatography—mass spedtso(@-MS) after collecting the gas
sample in 1-L Tedlar© bags, as explained later.

The data acquisition and control system was contpdsean acquisition chassis
(cDAQ-9172, National Instruments, USA) connectedatgersonal computer and using
LabView 8.6 software (National Instruments, USA)eniperature, exhaust gas oxygen
concentration and inlet airflow were monitored dgrithe experimental trials. Temperature
probe and oxygen sensor were connected to theadgtasition chassis. The input and output
electrical signals of the flow meter were direatynnected to the computer through an RS-
232 serial port. All data were recorded and shawa graph or in the program interface from
which different control systems could be programmed

Three different control strategies to regulate thiet airflow were studied and

compared. Two different closed-loop controllers y@en feedback control and Oxygen



Uptake Rate feedback control) and a third systesedaon a timed ON-OFF control
configuration (airflow regulation by predeterminexycles) were tested. The level of
implementation of each controller in full-scale qusting plants strongly depends on the
composting technology used. In general, statictegrpiles use the cyclic controller while
most of the composting reactors (rotatory drumsnéls or dynamic channels) use the
oxygen feedback control. OUR control is not impleted yet in full-scale facilities and it is
restricted to lab and pilot plant studi@s.

Each control strategy was studied in duplicate. Higerences found between
duplicates were analyzed in terms of total VOC erois for each controller. It was found
that the differences between duplicates with theesaontrol strategy were less than 20%,

which is a typical value on VOC emissions in thenposting process?

Oxygen feedback control

This controller was based on the airflow manipolatby means of the oxygen content
measured in the exhaust gas. It was necessaryatoliss an oxygen set point to maintain the
system under favorable aerobic conditions. The eryget point was fixed between 11.5 and
12.5% of oxygen in air (v/v). Emulating the conteo$ used at industrial facilities, the
controller applied a high flow (3 L mit) for oxygen levels below 11.5% and a low flow (0.2
L min™) for measures over 12.5%, whereas the controittndt take any action when the

measure was within this range.

Cyclic aeration control
This is the most extended system in aerated windiaoiities. In this case, inlet airflow was

automatically regulated by predetermined timed &ycDn the basis of the study presented



by Ruggieri et al. (2008), the airflow regulatiomsvprovided in cycles of 5 min at 5 L nfin

(0.2 L min® kg wet matter) and 25 min at 0.2 L rifif8- 10° L min™* kg™* wet matter)2

Oxygen Uptake Rate feedback control (OUR contrpller

As explained before, this new control strategy esn presented in Puyuelo et al. (2040).
The main objective of this controller is to obtaim automatic airflow regulation to maximize
the biological activity in the reactor measure®dsR.

The controller works in cycles of 1 hour. The dasidf OUR control loop compares
the variations in the OUR measures reached bettyeeruccessive cycles according to the
airflow applied. Firstly, after completing a cycléhe oxygen level is revised to avoid
percentages below 5% (v/v). If this level is beltus limit, airflow will be increased by 50
%. If an adequate oxygen level is measured, thé step will be the control loop based on
the OUR measure and the applied flow comparisowdsst two consecutive cycles. For both
parameters, three situations are possible, i.esyseem determines if the current value is
lower than, higher than or equal to the previous.dhis important to note that different
absolute thresholds were established to definestiperior and inferior limits in which the
variation of OUR and airflow can be considered igglgle. The limit to detect OUR variation
was defined as 0.5 % of the maximum OUR achievagarewious experiments in the reactor
(about 15 g @hY). Instead, the range considered to act on thiainheasures was 0.05 L
min™. Considering this, the controller checks the OURiation. Next, it compares if the
OUR variation obtained is linked with an increadegrease or a constant airflow. From this
algorithm proposed, the system regulates the nagesslet airflow to optimize the OUR

achieved during the whole procéSs.



Stability degree

Using the methodology proposed by Adani et al. @0©® assess the biological stability
degreé* some modifications to this system are detailedt.n€ke Dynamic Respiration
Index (DRI) was measured in a self-made dynamigiremeter:> The airflow is constant, in
this case fixed at 25 ml nifrfor intial OFMSW and 15 ml mihfor treated OFMSW. These
airflows are enough to maintain the oxygen abos tiiring the whole assay. In these DRI
tests, temperature is fixed at 37°C with a watdéi bad 150 g of sample are placed in a 500
mL Erlenmeyer flask. The oxygen content in the ourtg gases is measured every 5 minutes
with an oxygen sensor (Xgard, Crown, UK). From thssay, the DRI is determined as the
maximum average value of respiration activity meagwduring 24 hours. It is expressed in
mg G g* DM (Dry Matter) K. A detailed description of the DRI determinatiammgedure

can be found in Ponsa et al. (204€0)

Detection of total VOC concentration

Total VOC content from gaseous samples was detedras the total carbon content using a
gas chromatograph (GC) equipped with a flame idmna detector (FID) and a
dimethylpolysiloxane column (2 m, 0.53 mm, 3.0 potumn, Tracsil TRB-1, Teknokroma,
Barcelona, Spain). The injected volume was 250 pd._the analysis time was 0.5 min. The
gas chromatography operating conditions were dewsl isothermal oven temperature at
200 °C, injector temperature at 250 °C, FID tenpeeaat 250 °C and carrier gas was helium
at 1.5 psi pressure. This column permits the detetion of total VOC in a unique peak
because it does not separate the compounds. Tibeatiah was carried out with hexane, and
the units are mg C th All carbon content compounds are quantified b®,Rhcluding

methane. Methane was also analyzed by gas chromptog using a Flame lonization
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Detector (FID) and a HP-Plot Q column (30 m, 0.58,M0 um) with a detection limit of 1
ppmv. The gas chromatograph operation conditionsevas follows: oven temperature
isothermal at 60 °C, injector temperature 240 90, tEmperature 250 °C; carrier gas & 4
psi pressure. The injected volume was 500 pL aadattalysis time was 4 min. Subtracting
methane content from total VOC content, total VO@©N including methane) concentration

can be obtained.

Gaseous emission sampling and GC-M S detection
A sample from each process was taken daily in 1edIdr© bags. VOC characterization
from air samples were analyzed by SPME (Solid Phdsmo Extraction)/GC-MS as
previously reported in different publicatiotfs'®

A manual SPME device and divinylbenzene (DVB)/Cadydpolydimethylsiloxane
(PDMS) 50-30um fiber from Supelco (Bellefonte, PA, USA) was us@&tie compounds
were adsorbed from the air samples by exposindjilike (preconditioned for 1 h at 270 °C,
as suggested by the supplier) in a Tedlar bag@omi at room temperature. A solution of
deuterated p-xylene in methanol was used as irtstawadard for semi-quantitative analysis.

VOC analysis was performed using a Gas Chromatbgregilent 5975C + 7890
Series GC/MSD. Volatile compounds were separataedgua capillary column for VOC
(Agilent Technologies DB-624) of 60 m x 0.25 mm anfllm thickness of 1.4am. Carrier
gas was helium at a flow rate of 0.8 ml FhitvOC were desorbed exposing the fiber in the
GC injection port for 3 min at 250°C. A 0.75 mmemal diameter glass liner was used and
the injection port was in splitless mode. The terapge program was isothermal for 2 min at
50°C, raised to 170°C at a rate of 3°C thand finally to 230°C at a rate of 8°C firThe

transfer line to the mass spectrometer was maedaat 235°C. The mass spectra were
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obtained by electronic impact at 70 eV, a multiplieltage of 1379 V and collecting data at
a m/z range of 33-300.

Compounds were identified by comparing their magega with those contained in
the NIST (USA) 98 library. A semi-quantitative aysibk, for all the identified compounds,

was performed by direct comparison with the intest@ndard.

RESULTSAND DISCUSSION

Process evolution: Temperature and total VOC emission

For each control system studied, temperature, oxygacentration in the exhaust gas and
VOC emission are shown in Figure 2 for one replcat The six processes reached
thermophilic conditions before the fourth day ofogess with maximum values of
temperature around 65°C. After 20 days, the systetwgned to mesophilic conditions.
According to the temperature profile and DRI valoéshe treated material after 20 days of
process (Table 1), the composting process evolwtias correct and the final material was
properly stabilized.

VOC emissions reached their maximum values in #ib/ @lays of process. After the
tenth day, VOC emissions were very close to zerallithe systems. VOC emissions have
been related to the presence of anoxic condifibi@xygen concentration in the particle-
biofilm depends on the oxygen concentration in fiee air space of biomass, the oxygen
uptake rate to degrade the substrate and the tamperSome VOC are the products of the
anaerobic biodegradation that occur in the biofilanticle, when oxygen becomes a limiting
factor of the aerobic oxidation of the microbiakdable substrate, i.e. the dissolved organic
matter (DOM)'®2° Even if the reactor receives enough airflow dugtighe process, such in
the case of OUR control, VOC will be also emittedcause when a high DOM concentration

exists, there is also a high OUR, which means & famsumption of oxygen and
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consequently, the oxygen content can be limitthm general, the peak of emissions was
detected during the transition from mesophilichertmophilic conditions. This has also been
observed with other wastes and composting reattdrét can be concluded that the
achievement of thermophilic conditions contributesncrease these emissions. A possible
explanation was provided by Komilis et al. (2004)ondescribed that VOC emissions are
more related to process self-heating than to bickdglecompositiori.

In Figure 2c, the evolution of the cyclic controlle presented. In general, it seemed
that the evolution was similar to those of the oitntrollers (2a and 2b). In the experiment
controlled by OUR and the cyclic controller (Figsir@b and 2c), the maximum VOC
concentration coincided with the maximum of tempee However, in the oxygen feedback
controller (Figure 2a), the VOC maximum concentratseemed to be reached in two days
before the maximum temperature. Probably, the maason was that in the OUR control
strategy airflow gradually changes and in feedbaoktrol strategies airflow suddenly
changes. This could enhance VOC stripping or causkelay in the achievement of the
maximum temperature. In general, it seems thatsthmltaneous rise of temperature and
airflow causes the VOC stripping as observed wilteoorganic wastes.

Finally, it is worthy to mention that the total aomt of air used in the OUR controller
is lower than those of the other strategies (Taplevhich is a good option to minimize VOC
stripping and to reduce energy consumption rel&tegeration in composting systems. It is
also important to note that this low amount ofwsed does not have any detrimental effect

on the compost stability as shown in DRI valueb(@4d).

VOC characterization by SPME/GC-M S
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VOC emissions and composition were characterize@PYE/GC-MS. The main objective
was the identification of a large number of compmisiremitted during the composting
process. Also, a semiquantitative analysis has bagred out.

The number of molecules detected during the threegsses decreased from the
thermophilic phase to the end of the compostingcgss. However, to simplify the
discussion, VOC have been classified in the follmychemical families: alcohols, esters,
furans, ketones, aliphatic hydrocarbons, aromatdrdcarbons, nitride molecules, sulphide
molecules and terpenes. Table 2 shows the evolofidthe percentages of each considered
VOC family for each control strategy whereas TaBlegresents the most predominant
compounds of each family. In Table 2, it can beeobsd that the deviation between
duplicates depends on the family considered; howekie order of the percentages detected
for each family of compounds was maintained witdumplicates (data not shown). It is
evident that the origin of VOC families can be dsee being originally in the waste and then
just stripped with air or as a result of metabodiactions and further stripped. Thus, in some
studies, it has been reported that some of theselida (alcohols, ketones, aliphatic
hydrocarbons, nitride molecules and sulphide mdésjare extensively degraded during the
biological process and detected only in the fitsiges of compostint.As Scaglia et al.
(2011) describe, there are some other familiesditahot show any measurable reduction as
a consequence of the process, because they arebicgnocompounds, as aromatic
hydrocarbons or halogenated compounds or otheinogenic products, such as furans.
These families of compounds are simply releasesttiyyping in composting exhaust atrln
the present study, halogenated compounds haveewsst tound during the entire process.
These molecules, as furans or aromatic hydrocarbbage been emitted at very low

concentrations during all the process, again amsaeaguence of stripping.
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As can be seen in Table 2, terpenes, which have lescribed as the main
compounds and responsible for odorous pollutiorthim OFMSW treatment facilities, is
clearly the main family foun& The exception was the oxygen control strategy lrab,
where nitrogen molecules (nitride molecules) wée main VOC family emitted during the
sixteenth day of process. The average percentafjesrmenes found during the entire
composting process were 75.3 £ 9.2%, 84.1 + 9.8% &h8 + 3.5% in oxygen feedback
controller, OUR controller and cyclic controlleespectively. The main terpene molecule
detected in this family was limonene (Table 3), ahcould come from the pruning waste
used as bulking agent or from vegetable wasteeptras the OFMSW. Indeed, it has been
concluded by Pagans et al. (208t the bulking agent ratio (pruning waste:wasf#gcts
VOC emission during the composting process and #lanination by biofiltration. It has
also been demonstrated that a steady emission & ¥¢&h be detected even when the
biological activity of composting is negligible, @rding to the low biodegradability of the
bulking agenf. Thus, high ratios of bulking agent could lead ighhemissions of terpenés.
Another study shows clearly that terpenes are mretated to the material used for
composting than to the biological procé$éccording to other authofsterpenes can be also
produced as an intermediate of the aerobic metholi

The less abundant families detected were furanseatais. Esters were present in all
systems but in a very low average percentagest(0.2% in oxygen controller, not detected
in OUR controller and 1.1 + 1.5% in cyclic contasll. Furans, mainly represented by 2-
pentyl furan (Table 3), have been reported to Betand may be carcinogenic but they are
natural compounds that can be found in ffliithis family can be found only in the OUR
controller (0.1 + 0.1%) and the cyclic controllet4 + 0.2%).

Scaglia et al. (2011) reported that the main padlabhols is emitted during the first

biostabilization stage, when oxygen could be atingifactor due to the high microbial
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activity.?* Indeed, in the present study, alcohols were magmhjtted during the first half
period of the process and practically disappedhénlast days of the process, being around
2% of the overall VOC emissions for the three gyste

Acetone and various cicloketones mainly represém ketones family. These
molecules can be produced during alcohols oxid4tion can be released from plastic
packaging. As shown in Table 2 (oxygen feedback and OUR obsystems), ketones were
mainly emitted during the first days of the procesmsd their emission decreased with time.
Ketones average emissions in the oxygen feedbatO&iR control systems represent 4.6 +
0.8% and 4.2 = 0.2%, respectively, of the overdll(/emissions. For the cyclic controller,
ketones family represents 7.2 + 4.8% of the over@llC emission and they were randomly
emitted during the composting process. Apparetitlgte is no clear reason for the continued
presence of ketones during the whole compostinggss) it could be attributed to the
presence of food packaging material as plastics ahdr impurities often present in the
OFMSW. In fact, the OFMSW used had an average @ @Dimpurities in weight.

Nitride molecules are represented by trimethylamanproduct of the decomposition
of plants and animafe,and acetamide, which can derive from acetic a@iglic and OUR
controllers presented a low average percentageétrddenmolecules (0.2 + 0.3 % and 4.1 *
5.3% of the overall VOC emission, respectively) wdwer, in the feedback oxygen control,
nitride molecules represent 8.5 + 11.8% of the a&OC emissions. The major percentage
of these compounds was observed during the lastafgyrocess (Table 2). This is the reason
why, when considering the overall composition of ,Qhe percentage of terpenes is low in
the oxygen feedback control. Nitride emissions xygen feedback controller are in
agreement with the low nitrogen content of thelfpraduct (Table 1).

Dimethyl sulfide has been detected as the mainhsulgompound. It has been

reported that these emissions come, in part, freftoders of cooked Dbrassicaceous
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vegetable$® This family represents only 5 + 4.2%, 1.2 + 1.0861 2.9 + 1.9% in average of
the overall VOC emission for oxygen feedback, OWR ayclic controllers, respectively.

The aliphatic hydrocarbons family is represented different large alkanes that
probably come from cooked and heated oil and aism ffood packaging materizdS.The
average percentage over the whole VOC emissionOwgag 0.4% for the oxygen feedback
controller, 2.7 £ 3.1% for the OUR controller an8 & 0.5% of the cyclic controller.

Finally, aromatic hydrocarbons are typically retate the impurities (mainly plastics
from packaging) found in the OFMSVeind are represented by several benzene deriviafes:
+ 0.8, 0.9 £ 0.4 and 1.1 £ 0.2 average percentégesxygen feedback, OUR and cyclic
controllers, respectively.

In summary, overall differences were found in VO@nposition according to the
strategy used for aeration, but the presence petes is the dominant factor in all cases,
with the highest emission of VOC occurring durihg first days of process. The importance
of these findings is crucial for the developmentha equipment for the treatment of VOC in

composting facilitie$®

CONCLUSIONS

VOC emission and its composition have been evaudtem six experimental pilot
composting processes evaluating three differentrabstrategies in duplicate. It could be
concluded that the evolution of total VOC emissiluming the active decomposition stage of
the composting process was relatively similar for different strategies tested, although the
overall air consumption is significantly lower inet case of OUR controller, which can lead
to energy safe and a decrease in VOC strippingexpected, the maximum VOC emission
was detected during the first days of the proddssvever, the results obtained showed some

differences in VOC composition according to theaien strategy used. Terpenes were the
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main VOC emitted during the composting processp@ty due to the presence of the
bulking agent and vegetable food. Toxic and cagemic compounds, mainly classified as
furans, were found in emissions from the experinograrated under OUR control and cyclic
control but at very low concentration. Compoundmicy from the degradation of plastic
packaging as aromatic hydrocarbons and ketones alsveemitted. In all cases, the level of
dispersion found in the VOC emissions is high ie ttase of the OFMSW, which is an
important factor to consider when designing treaimequipments for exhaust gases
composting. Regarding this point, it is also remabat& that the OUR controller produced a

more steady emissions profile both in flow andomgosition.
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Tables

Table 1. Characterization of the collected OFMSW and tinalfproducts obtained after 20
days of experiment under each specific airflow oardystem. Data presented correspond to

a triplicate measure and the corresponding stardkaration.

Drv Matter Organic Organic Total Final DRI Total Air Consumption

Material (o}l wh*) Matter Carbon Nitrogen (mg O g* (L)

0 (%, db*) (%, db) (%, db) DM h™)

Initial OFMSW 33.5+0.3 78+ 2 43.3+0.2 20560 42+0.1 -
Oxygen 29000
feedback 31.0+£0.3 74 +3 41.0+£0.3 2.12+0.10 15+0.1
control

Final Cyclic 25000
Product aeration 26.6 £0.5 77+3 43.0+£04 2.36+0.05 15+0.1
control
OUR 440+09  74+3  41.0+02 242:010 13x01 L7000
control

*DM: Dry Matter; wh: wet basis; db: dry basis.
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Table 2. Characterization of VOCs families detected forheagntrol strategy during representative periodsnoé of the composting process.

For each family, the average value in percentagie the standard deviation is presented (two rejping).

Period Control Aromatic Ketones Terpenes Alcohols Sulfide Aliphatic Nitride Furans Esters
Strategy  Hydrocarbons Compounds Hydrocarbons Compounds
0-2 Oxygen 20+0.9 9.4+8.9 74.0+6.3 32+31 B1.6 0.81+0.87 11+11 0.2+0.2 n.d.
days OUR 16+17 9.4+8.8 81.9+1.8 3.5+3.8 06.8 1.6+23 14+20 n.d. n.d.
Cyclic 22+1.0 53146 71.4+12.3 95+10.7 9452 0.2+0.2 n.d. 0.1+0.1 6.3+10.2
3-4 Oxygen 56+5.0 48+7.1 64.8 £ 18.5 57+4.0 .01818.2 0.6 +£0.7 0.5+0.6 n.d. n.d.
days OUR 15+13 12.3+8.7 73.0+14.4 8.9+3.7 16+1.0 15+1.0 1.0+£0.7 0.1+0.2 0.1+0.0
Cyclic 20+0.6 72+13 77.9+8.2 23+23 8.40.9 1.0+0.6 n.d. 0.2+0.2 11+17
7-8 Oxygen 73+x21 28+33 81.1+132 34+x54 2415 n.d. 34+4.1 n.d. n.d.
days OUR 0.4+0.1 3.1+1.8 915+26 19+13 209 0.5+0.2 0.3+0.1 0.2+0.3 n.d.
Cyclic 1.1+0.8 9.1+93 83.9+6.7 18+15 2.0.5 1.0+£0.8 0.5+0.6 0.3+0.2 n.d.
9-10 Oxygen 1.1+0.7 59+7.6 89.7x54 05+0.7 2488 n.d. 0.2+04 n.d. n.d.
days OUR 0.1+0.2 1.7+£03 82.9+16.5 1.1+0.6 02t 13.4+7.6 0.3%+0.1 0.1+0.2 n.d.
Cyclic 11+05 8.7+7.0 84.6+23 0.1+0.2 3.8.0 0.7+1.2 0.4+0.8 05104 0.3+0.6
11-14  Oxygen 20+16 3816 75.4£20.4 02+03 1410 n.d. 16.8 +9.7 n.d. 0.7+1.4
days OUR 0.7+0.8 0.6 +0.7 83.3+15.7 1.8+17 136 6.7+2.7 5.0£9.6 n.d. n.d.
Cyclic 1.0x£0.2 79+6.7 84.8+3.3 1.7+£0.3 28.2 14+16 0.2+0.2 05+0.2 n.d.
15-18  Oxygen 4.7 +3.6 26+21 72.3+31.0 01+02 19802 n.d. 20.2+32.1 n.d. n.d.
days OUR 15+0.8 24+29 815+ 257 0.0+£0.0 00.8 n.d. 13.9+21.8 n.d. n.d.
Cyclic 05+0.6 6.3+7.8 90.8+9.1 09+14 $.0.2 0.4+0.6 0.2+0.5 0.6+0.8 n.d.

n.d.: not detected (below detection limit)
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Table 3. Predominant compounds for each VOC family detedtedeach control strategy during representativeopls of time of the

composting process.

Period Control Aromatic Ketones Terpenes Alcohols Sulfide  Aliphatic Nitride Furans Esters
Strategy Hydrocarbons Compounds Hydrocarbons Compounds
Oxygen Phenol 2-nonanone Limonene Eucalyptol Disulfide Dodecane  Trimethylamine Furan, 2-
0-2 dimethyl pentyl
davs OUR p-xylene 2-butanone Limonene 1-Butanol, 3- Disulfide Dodecane  Trimethylamine
y methyl-, acetate dimethyl
Cyclic Benzene, 1-methyl-4- 2-butanone Limonene 2-Butanol Disulfide Dodecane Furan, 2- Butanoic acid,
(1-methylethenyl)- dimethyl pentyl methyl ester
Oxygen Butylated 2-butanone Limonene 2-butanol Dimethyl Tetradecane Trimethylamine
3.4 Hydroxytoluene trisulfide
OUR  o- Isopropenyltoluene 2-butanone Limonene 1,6-Octadien-3-Disulfide = Tetradecane TrimethylamineFuran, 2- Butanoic acid,
days ol, 3,7-dimethyl- dimethyl pentyl methyl ester
Cyclic p-xylene 2-butanone Limonene Eucalyptol Ofide Eicosane Furan, 2-  Octanoic acid,
dimethyl pentyl methyl ester
Oxygen Butylated 2-butanone Limonene Eucalyptol Disulfide Trimethylamine
Hydroxytoluene dimethyl
7-8 OUR Butylated Bicyclo[2.2.1]heptan-2-one, Limonene  3-Cyclohexen-1- Disulfide Dodecane  Trimethylamine Furan, 2-
days Hydroxytoluene 1,7,7-trimethyl ol, 4-methyl-1-(1- dimethyl pentyl
methylethyl)
Cyclic Benzene, 1-methyl-4- 2-butanone Limonene Eucalyptol Disulfide Tetradecane TrimethylamineFuran, 2-
(1-methylethenyl)- dimethyl pentyl
Oxygen Butylated 2-butanone Limonene 2-butanol - Dimethyl Trimethylamine
9-10 Hydroxytoluene trisulfide
davs OUR Phenol Cyclohexanone, 5-methyl- Limonene 1-Hexanol, 2- Disulfide  Tetradecane TrimethylamineFuran, 2-
y 2-(1-methylethyl)-, trans- ethyl- dimethyl pentyl
Cyclic Benzene, 1-methyl-4- 2-butanone Limonene Dimethyl Dodecane  Trimethylamine Furan, 2- Butanoic acid,
(1-methylethenyl)- trisulfide pentyl methyl ester
Oxygen Butylated 2-butanone Limonene Benzyl Alcohol  Dimethyl Trimethylamine Octanoic acid,
11-14 Hydroxytoluene trisulfide methyl ester
OUR Butylated Cyclohexanone, 5-methyl- Limonene Disulfide Tetradecane Trimethylamine
days Hydroxytoluene 2-(1-methylethyl)-, trans- dimethyl
Cyclic Benzene, 1-methyl-4- 2-butanone Limonene 2-butanol Dimethyl Undecane  Trimethylamine Furan, 2-
(1-methylethenyl)- trisulfide pentyl
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Oxygen Butylated
i Hydroxytoluene
15-18 OUR Naphthalene
days

Cyclic Benzene, 1-methyl-4-
(1-methylethenyl)-

2-butanone

2-butanone

2-butanone

Limonene

Limonene

Limonene

Disulfide
dimethyl
2-butanol [D0::3]
dimethyl
Dimethyl Dodecane Furan, 2-
trisulfide pentyl

Trimethylamine

Trimethylamine
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Figure Legends

Figure 1. Experimental set up of ttcomposting pilot reactor.

Figure 2: Evolution of temperature—), concentration of total VOC measured by-FID
(triangles, replicate 1; squares, replica), and concentration of oxygen in the reac--)
for the three aeration strategies studied: Oxygeallback controller (a), OUR controller
and Cyclic controller (c)Only one profile of temperature and oxygen is shoBoth

replicates of VOC emission are presen
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Figure 1
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Figure 2
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