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Abstract

Environmental impacts associated to different wastatments are of interest in the decision-
making process at local, regional and internatitexadl. However, all the environmental burdens
of an organic waste biological treatment are neotags considered. Real data on gaseous
emissions released from full-scale composting plamé difficult to obtain. These emissions are
related to the composting technology and wasteachenistics and therefore, an exhaustive
sampling campaign is necessary to obtain repraseni@nd reliable data of a single plant. This
work proposes a methodology to systematically datex gaseous emissions of a composting
plant and presents the results obtained in theicgpipin of this methodology to a plant treating
source separated organic fraction of municipaldselaste (OFMSW) for the determination of
ammonia and total volatile organic compounds (VOEMission factors from the biological
treatment process obtained for ammonia and VOC ®&r&g Mg OFMSW and 0.206 kg Mg
OFMSW! respectively. Emissions associated to energy ndepeoduction were also quantified
(60.5 kg COMg OFMSW* and 0.66 kg VOC Mg OFMSW). Other relevant parameters such as
energy and water consumption and amount of rejeataste were also determined. A new
functional unit is presented to relate emissiortdiacto the biodegradation efficiency of the
composting process and consists in the reductidgheoRespiration Index of the treated material.
Using this new functional unit, the atmospheric €1ans released from a composting plant are

directly related to the plant specific efficiency.
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1. Introduction

Solid waste management, and particularly its oxéaiction, is becoming a global problem in
developed countries. At present different technel®gare being applied to reduce landfill
destination of organic wastes, improving recyclofgorganic matter and nutrients (European
Commission, 1999), as landfill is responsible fazamsiderable contribution to global warming
(Mor et al., 2006). Among the emerging technolodeesreat the organic fraction of municipal
solid wastes, anaerobic digestion and compostiregwadely considered as environmentally
friendly technologies. For instance, Spain present&xponential growth of such technologies,
although it is difficult to find reliable up-to-datdata on plants in operation at national level. In
2005, 82 composting plants and 9 anaerobic digegtiants were operating in Spain treating an
overall amount of 7824 Mg of source-separated anganmunicipal solid waste (Ministerio de
Medio Ambiente y Medio Rural y Marino, 2009).

Although the objective of a waste treatment plaribisafely transform wastes to less pollutant
and/or hazardous substances or, when possibleylygetfiucts reducing their possible impact to
the environment, there are some inherent envirotehdoads associated to organic wastes
recycling in large-scale facilities. Odour emissoand atmospheric pollution are the most
common, although energy and water consumption edupith leachate generation also need to
be considered in these facilities. Two main groofstudies on the environmental performance
of organic waste treatment plants can be foundhénliterature: those exclusively focused on the
atmospheric emissions of the biological treatmentegss itself and those related to the overall
impact derived from these plants, which, in additto atmospheric emissions, include energy
consumption, wastewater generation and waste tatiegion to finally perform a Life Cycle
Assessment (LCA) of the waste treatment scenamoti#er emerging group of works is focused

on the importance of gaseous releases towardsthgational and non-occupational exposure to



these chemicals and its associated risks, as egborrecently published studies (Tolvanen et al.,
2005; Domingo and Nadal, 2009).

Important conclusions can be obtained from atmaspleenissions studies. Composting plants
present numerous odour and pollution sources, dimofureception and materials handling, forced
aeration composting, stock piling, etc. Gaseoussgioms in composting facilities are typically
constituted by nitrogen-based compounds, sulphsedbacompounds and a wide group of
compounds denominated Volatile Organic Compoun@QY/(Eitzer, 1995).

Among the nitrogen-based compounds released tatthesphere, ammonia has received much
attention because it can be easily identified fither composting odours, it often represents the
main nitrogen gas emitted during composting arghit be released in large amounts. Reported
ammonia emissions in a composting process of ocglmaiction of municipal solid wastes
(OFMSW) vary between 18 and 1150 g NMg wasté' (Clemens and Cuhls, 2003) whereas
peaks of ammonia concentration up to 700 mg RH have been detected in exhaust gases from
wastewater sludge composting facilities (Haug, 1998 studies performed at laboratory level
with different wastes it was shown that ammoniassions exhibit a clear correlation with
process temperature, reaching maximum values duheghermophilic period (Pagans et al.,
2006a). Aeration rate, pH and initial total ammaoniuitrogen are other factors influencing
directly ammonia emissions in a composting pro¢Bssk-Friis et al., 2001; Cronje et al., 2002;
Grunditz and Dalhammar, 2001).

Another main group of gaseous pollutants emittesmfrcomposting facilities are VOC.
According to Eitzer (1995), who undertook an extiaascharacterization of the different VOC
emitted at the different stages of the compostiraggss, most VOC in composting plants are
emitted at the early stages of process i.e. atigpéng floors, at the shredder and during the

initial forced aeration composting period. Othethaus related the presence of some VOC and its



concentration to the odour nuisance level (Defael.e 2002; Mao et al., 2006). Incomplete or
insufficient aeration during composting can prodwséphur compounds of intense odour,
whereas incomplete aerobic degradation processedt ia the emission of alcohols, ketones,
esters and organic acids (Homas and Fischer, 1982)Durme et al. (1992) identified dimethyl
sulphide, dimethyl disulphide, limonene amginene as the most significant odorous VOC at a
wastewater sludge composting facility. Accordingthes work, the latter two compounds were
released from wood chips used as bulking agental#dratory scale, total VOC concentration in
exhaust gases from composting processes of ditfevastes has been also studied and it was
concluded that the highest concentrations of VO@evenitted during the first 48 h of process
(Pagans et al., 2006b). These authors also staed/©OC emissions could not be correlated with
the biological activity of the process, contratitythe case of ammonia. In addition to odorous
disturbance that VOC can cause, the presence abi&it VOC in gaseous emissions from
municipal solid waste composting has also beenrtepgKomilis et al., 2004).

Literature reports many studies on Life Cycle Assssnt (LCA) of solid waste management
and/or treatment processes (Lee et al.,, 2007; Blen@008; Banar et al., 2009). However, a
common trend in most works published is a lackieldffull-scale data corresponding to real
processes working under real conditions. In LCA lysis of waste management systems
including a large number of processes, it is obwithat general assumptions must be made:
gaseous emissions of the vehicles used for waatesgortation, distances between collection
points and waste treatment installations, waste pomition, quantities and type of waste
generated during treatments, etc. (Eriksson et28D5; Emery et al., 2007). However, special
care should be taken in the use of bibliographia @& scenarios different to that for which the
data were obtained. This practice can lead to @ fmvironmental analysis with considerable

errors in the results obtained, since the typedfnology, the waste composition and the quality



of process management will strongly influence tlesults (Fricke et al., 2005). In waste
management, theoretical LCA studies with diffeneaste treatment and handling operations use
different data sources to overcome the difficultyobtaining reliable data from studies carried
out with the same waste in the same area (Gletetda 2006). In addition to these limitations,
the use of data obtained at laboratory scale isrecbommended as in most cases process
conditions at laboratory scale do not corresporithdse of a full-scale treatment plant (Szanto et
al., 2007). Moreover, LCA studies focused on aipaldr organic solid waste treatment facility
are scarce.

According to these considerations, data obtainedm®ans of rigorous field studies in
composting facilities are necessary to: (i) caltikmission factors that permit the comparison
among different treatment plants, (ii) contribute Regional and National databases on
atmospheric emissions from industrial activitiesfasinstance, the European Pollutant Emission
Register (EPER) (European Commission, 2000), (@btain on-site indicators of the
environmental performance of different waste treatimprocesses to improve the design and
operation of these plants in terms of environmeimygact, and (iv) develop a reliable LCA of
each composting technology allowing the selectidntlee most adequate on an overall
environmental impact basis.

Therefore, the main objective of this work is tvelep a methodology to determine the overall
emission of any chemical compound in full-scale posting facilities, since this is one of the
environmental issues presenting a considerable tdckxperimental data. As a case study,
ammonia and total VOC are the selected pollutahidiedd in a composting facility treating
source-separated OFMSW including in-vessel foreaadteon composting and aerated-windrow

curing. As a second objective, a new functionak bxised on solid-state respirometry is also



presented with the aim to include the plant pertoroe related to the extent of organic matter

biodegradation and stabilization in the valuesmoission factors for each analysed compound.

2. Experimental methodology

The methodology proposed to determine gaseous iemssassociated to a composting plant is
composed of four different steps: (i) data collecton plant characteristics and operation, (ii)
determination of atmospheric emissions, (iii) laory analysis and (iv) calculation of emission
factors. Following this method not only the gaseeusissions are determined but also their
relationship with plant operation.

This methodology has been applied to a compostiagf focated in Catalonia (Spain) treating
source separated OFMSW. A schematic representatitins plant and the overall mass balance
in the most important operations of the compospiragess is presented in Figure 1. Specifically,
the decomposition phase takes place during two sveekclosed composting reactors with
controlled aeration, watering and gas collectiod aratment by means of a wet scrubber and a
biofilter, whereas the curing phase is carriedindbrced-aerated windrows open to atmosphere
without gas collection during a period of 6-8 weekke studied period presented in this work
corresponds to year 2007. Although data obtainedlisrepresentative of the studied system, the
methodology applied can be used in any other typeomposting plants using different

composting technologies.

2.1 Step 1: Data collection on plant characteristand operation
The collection of data is systematically carried osing a specifically-designed questionnaire.
Plant characteristics are classified into gendratorical and socio-economical data and they

include information such as plant capacity, soitugmation, characteristics of the final product



obtained (compost) including amount and productinigigon, the quantities of waste treated and
energy and water consumptions and other plant tperdata. It is interesting to have reliable
data on plant operation in order to relate the emlof gaseous emissions obtained to these data
and propose emission minimization options, if neags Plant operation data is then grouped
and related to process main operations, i.e. recggtre-treatment, waste decomposition phase,
curing phase and post-treatment including type roicgss (composting technology), turning
and/or aeration periodicity, watering, amount géceed materials obtained from pre and post-
treatment operations, type and amount of energy (edectric or fuel) and characteristics of the

equipment and machinery used.

2.2 Step 2: Determination of atmospheric emissions

The pollutants studied in the present work were ameand total VOC. This group includes
practically all types of hydrocarbons such as atlsaralkenes, alcohols, ketones, aldehydes,
organic acids, terpenes, etc., although the ideatibn of single compounds present in VOC was
out of the scope of this work. Ammonia was analyreditu using an Industrial Scientific
multigas sensor iTX-T82 (Oakdale, PA, USA) with @nmonia detection range from 0 to 200
mL m™® and a temperature range from 20 to 50°C. Total W@ determined in the laboratory
by gas chromatography (see Step 3) from gas sarmptased in the plant using 1 L Tedlar bags
and a gas pump (SKC Universal de Luxe, Eighty FB&;, USA).

The sampling methodology has been developed unaerassumption that (i) gaseous
emissions from the decomposition phase that talkes pn closed composting reactors with air
collection and treatment are limited to those rsdelafrom the external surface of the biofilters
and (ii) gaseous emissions from the curing phasetlaose released from curing windrows

external surface. A systematic data collection on \elocity and gaseous compounds



concentration in external surfaces of biolfiltedauring windrows was undertaken with minimal
variations in the sampling methodology applied tese two types of emitting surfaces. The
procedure followed is explained bellow:

- Measurement of the emitting surface: Height, tepgvidth and perimeter of the curing
windrow were measured.

- Definition of a matrix of sampling points covegirthe entire emitting surface: The
number of sampling points has been determined erb#sis of the dimensions of the curing
windrow. Sampling points in the curing windrow weset by dividing it into five sampling
profiles and considering three sampling pointsaoheprofile as shown in Figure 2. The distance
within sampling profiles was 4 m (Figure 2a). Orfetlee three sampling points considered in
each profile was located at the top of the windrawd the other two at the windrow sides
(Figures 2b and 2c).

- Determination of exhaust air velocity in each ping point using a thermo-anemometer
(VelociCalc Plus mod. 8386, TSI Airflow Instrument$K). The anemometer was placed inside
an open cubic plastic box (0.5 m x 0.5 m x 0.5 m)ntinimize the effect of wind and air
turbulences.

- Measurement of gaseous emissions: air veloaitynania and VOC concentrations were
measured simultaneously in each sampling point. thhee parameters were measured on the
surface of the composting material without distngothe gas flow pattern through the windrow.
The product of compound concentration (mg)rand air velocity (m$) results in the mass flow
of a given compound (ammonia or total VOC) relegsedwindrow surface area unit (mg st
%). Measures of gaseous emissions were repeatéfieaent days during the composting process
to determine the evolution of the emission of eesmpound. The periodicity of sampling was

established as a function of plant operation are dbvelopment of the composting process.



Differences among values obtained at each poimedsurement were compared by means of a
standard Student’s t-test with a confidence of 95%.

- Calculation of total ammonia and VOC emitted: adabbtained from emission
measurements during a single sampling day wereesepted in a three dimension graph with
windrow length and perimeter in x and y axes resypely. The centre of the windrow was taken
as the (0,0) point in the graph. Ammonia or VOC sniésw value per square meter were placed
in z-axis to obtain an emission surface for eadlufamt. The three dimension emission surface
was then projected in a two dimension graph (windperimeter at x-axis and windrow length at
y-axis), where each pollutant emission per area imipresented as iso-emission curves.
Multiplying the pollutant mass flow per area unytthe corresponding area in the graph resulted
in the compound mass flow and the sum of the diffequantities obtained corresponds to the
total mass flow of a pollutant (§'s

Finally, values of pollutant mass flow obtained &ach sampling day were represented versus
process time. The area below the curve obtaine@gonds to the total mass of a given pollutant
emitted throughout the composting process analyzed.

Emissions of carbon dioxide and VOC associatecheygy consumption in form of diesel and
electricity were also determined on the basis efdhta provided by plant managers (ammonia
was negligible in this case). Carbon dioxide emissifrom the biological decomposition process
are considered neutral as carbon emitted in thisn fbas been previously fixed from the

atmosphere by the organic matter under decompogiabl et al., 2007).

2.3 Step 3: Laboratory analysis
Initial and final materials obtained during the qusting process were sampled for analysis.

Integrated samples were taken in order to obtgiresentative values (Barrena et al., 2006).
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Moisture, organic matter (OM) and nitrogen contdat N-Kjeldahl) were determined
following the methodology proposed by the US Daparit of Agriculture and the US
Composting Council (2002). Biological activity wdstermined using the Respiration Index (RI),
which measures the rate of oxygen consumption taisdisually conducted to determine compost
stability (Gea et al., 2004). Rl was determinedescribed in Barrena et al. (2005) and expressed
as mg Qg organic mattér h.

Total VOC content from gaseous samples was detedras total carbon content (C-VOC) by
direct injection of sample in a gas chromatograpgilént Technologies 6890N) using a flame
ionization detector (FID) and a dimethyl polysiloea2 m x 0.53 mm column (Tracsil TRB-1,
Teknokroma, Spain). This column permits the deteation of the total C-VOC in a unique
peak. The volume injected was 280 and the analysis time was 1 min. The gas chrognapiy
operating conditions were as follows: oven tempeeaisothermal at 200°C, injector temperature
250°C, FID temperature 250°C; carrier gas heliurth.atpsi pressure. Data were acquired and
quantified by the Empow®r2 software (Waters Associates Inc., Milford, US&pl6n et al.,
2009). n-hexane (99.9 % purity) was used to quartie VOC concentration in mg C
(Spingo et al., 2003). The calibration curve watimied by injecting different amounts of liquid
n-hexane in a sealed Tedlar bag of known volumeaaradyzing a sample of the resulting gas
(Torkian et al., 2003). A triplicate repetition wpsrformed for each VOC concentration and the

observed error of the method was below 10 %.

2.4 Step 4: Calculation of emission factors
Gaseous emissions generated in the treatment praceselated to one Mg of OFMSW treated
in the plant. This functional unit will permit futei comparisons with other composting plants of

different capacity.
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In addition to gaseous emissions, data on wateresmetgy consumption collected in Step 1
were also related to the same functional unit asewbe emissions associated to energy
consumption. These emissions were calculated folipwthe BUWAL 250 (Bundesamt fir
Umwelt, Wald und Landschaft, Swiss Agency for theviEonment, Forests and Landscape)
inventory implemented in Simapro 7.0 (PRé ConstdtarAmersfoort, The Netherlands).
Electrical power generation was considered accgrtirsources contribution profile for Spain as
described in the BUWAL database. This can be cléageording to the location of each plant
studied.

Another functional unit was also used in this stuwlyorder to relate emissions, water and
energy to the real performance and extent of tblgical treatment process. This new functional
unit was the reduction in the biological activity tbe material measured with the Respiration
Index (RI) as reported in previous studies (Gealet2004; Ponsé et al., 2008; Barrena et al.,

2009).

3. Results and discussion

3.1 Emissions case study

The composting plant studied treated 6082 Mg of GMMper year using pruning waste (1285
Mg yr') as bulking agent. The plant occupies 160G0amd employs 5 workers including the
plant manager. Waste reception and waste pre-tegsitamd post-treatment areas (Figure 1) were
located in a closed building with air collectiondarenewal. Air treatment was performed by
means of a wet scrubber followed by a biofilterh&ust air from the composting reactors is also
sent to the gas treatment units. Electric energg wsed during in-vessel composting and

windrow curing to provide the desired aeration vaasr fuel was necessary for the machinery
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used for pre and post-treatment operations asagelbr material transportation to the different
areas of the plant. It is important to highlighatthe first three days forced aeration in curing
piles was constant (24 hours/day); after thisaheriod intermittent aeration (15 minutes on/15
minutes off) was used throughout the rest of thengustage. Water necessary for moisture
adjustment during the composting process, biofiltatering and in the wet scrubber came from a
municipal wastewater treatment plant (WWTP) sitedtrto the composting plant. Water from
the scrubber and leachate from composting reactgasre-sent to the WWTP for treatment.
Rejected materials (impurities such as plasticasgland metals in OFMSW separated from
organic matter during pre-treatment operations fooh final compost during material post-
treatment) are daily collected from the plant aadigported to a sanitary landfill.

Table 1 presents data on VOC concentration antloairat the biofilter external surface. Two
samples were taken each day during the studieddgeAs the values of gas velocity and
contaminant concentration at the different samploognts on the biofilter surface were not
statistically different (p>0.05), the existencepoéferential pathways for the gas passing through
the biofilter media was not considered in this casd VOC and ammonia concentration were
determined in one of the sampling points establisie Table 1 a clear difference can be
observed from day 21 until the end of the studiedgd due to operational changes and tests
carried out in the biofilter and the previous stret) thus the quantity of VOC emitted from the
biofilter was calculated taking into account onbtal collected from day 0 to 21. Although this is
a limitation of this study, the calculations nee@egdo obtain VOC overall emissions under any
possible operational condition of the biofilter ngsithe proposed methodology are relatively
simple. Additionally, this fact demonstrates théahility of the proposed methodology to detect
changes occurring in gaseous emission sources.nsguhat during these first 21 days the

biofilter was under optimal conditions, the cal¢athtotal VOC emission from the biofilter was
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of 0.006 kg VOC Mg OFMSW. Ammonia was not detected in the biofilter emiesituring the
entire measurement period.

Figure 3 shows two examples of the emission susfamgtained for ammonia in curing
windrows. Figures 3a and 3b correspond to the amaremission in days 2 and 14 of the curing
period respectively. As can be seen in these taplgr maximum emissions are found on the top
of the pile, which confirms other studies on contpmsemissions (Veeken et al., 2002). The
prevalence of emissions location at the top ofviredrow increases as process proceeds, when
global emissions significantly decrease. FiguresaBd 3d correspond to the two-dimension
representation of Figures 3a and 3b respectiveiy fwhich the final value for ammonia mass
flow in a sampling day was obtained.

Figure 4 presents the profile obtained when ammimaiss flow values determined for each day
of sampling are represented versus process tinhetahamount of 416 kg was calculated as total
ammonia emission integrating the curve in Figurd the initial amount of waste treated in the
monitored windrow is known (106.5 Mg of OFMSW) thmmmonia emission factor for the curing
phase can be calculated resulting in 3.9 kg Mg OFMSW"™,

Total VOC emission profile during the curing phasas obtained following the same
procedure explained for ammonia and is it presemtdéigure 5. No explanations were found
about the relatively high values of VOC emissiobsayved in days 25-30, since these days did
not coincide with any particular situation of thiant operation. The total quantity of VOC
emitted was of 21.2 kg. If this amount is agairated to the quantity of OFMSW treated an
emission factor of 0.20 kg VOC Mg OFMS¥#s obtained for the curing phase.

Overall emission factors for the entire compostimgcess were determined by adding values
obtained during the decomposition and the curingsph. Total emission factors were 0.21 kg

VOC Mg OFMSW!" and 3.9 kg NHMg OFMSW". 1t is difficult to find literature on ammonia
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or VOC emissions from full-scale composting proessas an exhaustive emission monitoring
campaign is required to obtain representative ahdhle values. Additionally, when values are
compared with other studies it should be kept indrthat they are strongly related to the waste
characteristics and process conditions. For insta@temens and Cuhls (2003) reported variable
ammonia emissions (from 0.018 to 1.15 kg N\Wg wasté') when analyzing the composting
process of OFMSW in different mechanical-biologitahtment plants in Germany. Other values
of ammonia emissions have been reported in pilantpkcale experiments. From the data
provided by Beck-Friis et al. (2001) in their studp the influence of temperature on the
emissions of ammonia during OFMSW composting in RGerated reactors, a value of 2.12 kg
NHs; Mg wasté" was obtained. These emissions correspond to 82#e8 the nitrogen content in
the starting composting material. In similar coiws (125 L aerated reactors), Elkind and
Kirchmann (2000) reported an ammonia emission 6fk@. NH; Mg wasté" (70% of the initial
nitrogen). In all cases, the final value of ammamaissions depended on the composting process
duration and conditions and on the C/N ratio ofithial waste. Ammonia emissions obtained in
the present study correspond to a percentage of gfé¥te nitrogen present in the composting
material at the beginning of the curing phase.

There are fewer studies published in the case df é@ission, especially at full scale. Under
laboratory conditions, Staley et al. (2006) fourtdtal VOC emission of 0.282 kg Mg dry matter
! when composting a mixture of food waste, gardestevand non-recyclable paper in 8 L
composting reactors. Smet et al. (1999) reportednaulative VOC emission of 0.590 kg VOC
Mg of wasté" during a pilot scale (224 L) composting experimeaating a similar waste. This
value is equivalent to 1.51 kg VOC Mg of dry matteThe value of VOC emission during
OFMSW composting obtained in the monitored planthef present study (0.21 kg VOC Mg of

OFMSW?) corresponds to a value of 0.82 kg VOC Mg of digtter’. VOC emission has been
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reported to be strongly related to the processitiond (especially temperature and aeration rate),
the composition of the waste and the ratio of mglkagent used (Pagans et al., 2006b).

In addition to the emissions from the compostingcpss detailed above, Table 2 presents
carbon dioxide and total VOC emissions derived fritva production and use of the energy
consumed in the plant (electricity and diesel). @bation of VOC emissions associated to diesel
consumption to the total emissions of these comg®whould be highlighted. Table 2 also
includes all the data on input and output flowsoasged to the composting plant studied
(materials, energy and water) determined usingspieeifically-designed questionnaire explained
in Step 1 of the experimental methodology. Waterscoption (from the nearby WWTP) was
0.33 n? Mg OFMSW?, which was mainly used in the wet scrubber. Comtion of energy per
Mg of OFMSW in the studied plant was of 3.42 k0 of electricity and 3.6 L of diesel. If diesel
consumption is converted into kJ according to tlaetdr proposed by the Queensland
Government Environmental Protection Agency (2008). (diesel is equivalent to 3.84 “1RJ),
the total amount of energy consumed is 4.80kIOVig OFMSW". Percentages of contribution of
electricity and diesel to total energy use areloBand 28.7% respectively. These percentages are
in accordance with those calculated by BlenginO@0who determined electricity (2.19 °1K0)
and diesel (2.06 L) needs in the composting of 1 MIPOFMSW. These values represent a
contribution to the total energy consumption of 736t electricity and 26.5% for diesel.
Diggelman and Ham (2003) reported an energy consampf 1.5 16 kJ Mg food wasté in a
composting plant including in-vessel decomposifaliowed by windrow curing while Fricke et
al. (2005) determined the electricity needs fooredd-aeration composting process resulting in
1.08 16-2.16 16 kJ Mg of wasté. The electricity used in the studied plant is ryainverted in
aeration of the material while diesel consumpt®related to material handling and pre and post

treatment operations.
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3.2 Environmental impact and functional unit

Data on Table 2 will permit the characterizatiom @omparison of the different technologies
used in OFMSW composting from an environmental pofrview by considering the amount of
resources consumed (energy and water), waste elivieriandfill and final compost produced per
ton of OFMSW treated. Emission factors for theeat#int compounds (ammonia, total VOC and
carbon dioxide) are also of high interest when cammg the composting technology used with
other waste treatment possibilities in terms of capieric pollution and also global warming
potential. All these ratios can be considered asr@mmental performance indicators of a waste
treatment plant. They are also crucial to perfomaecurate Life Cycle Assessment.

However, it is also interesting to relate the emiss determined and other environmental
performance indicators to the real efficiency o tomposting process developed in terms of
material stabilization and biodegradation. The neéa parameter that permits to relate the
environmental indicators of a composting procesgh&biodegradation level achieved for the
organic matter (by means of, @onsumed or COproduced) has also been stated by Amlinger et
al. (2008). These authors proposed the ratio betwesthane produced and total £&nissions
as an indicator of the efficiency of the aerobicataposition process and also the ratio between
kg CQ, equivalent (obtained by computing® and methane emissions and totalh @&duced)
to relate greenhouse gases emissions to the efficief aerobic decomposition and organic
matter transformation. However, this procedure iegplo measure all the biogenic £@oduced
in the composting process to have an efficiency tmirefer all the environmental impacts.
Another possible approach is to use a global aerattivity indicator such as respiration index.
This seems a more straightforward indicator to @&l the extent and efficiency of a biological

process because it only needs to collect an irséaiple (OFMSW) and a final sample (compost)
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to calculate the difference in the oxygen uptake, nahich is in fact the stabilization achieved in
the composting plant. This is also carried out astewater treatment plants, but in that case the
Biochemical Oxygen Demand is used as measure anitied and remaining oxygen uptake rate.

In the case of the studied plant, Rl initial antafivalues of the treated material were 5.8 and
1.08 mg @ g OM™ h* respectively, which corresponded to 81% of reducth the biological
activity of the material. If the values of the @ifént emission factors in Table 2 are divided lay th
RI reduction achieved in the process (4.72 mgg@M"' h') and also by the organic matter
content of the OFMSW (2.73 1g OM Mg OFMSW"), the values obtained can be expressed as
amounts of energy, water or contaminant (needezhutted) per unit of oxygen uptake reduced
(kg O, h"). Values referred to this new functional unit asenmarized in Table 3. However, this
novel approach has not been previously describditenature, and therefore no comparison can
be presented. The importance of referring the enmrental impacts to both functional units
(mass of treated waste and biodegradation effigjeralies on the fact that the environmental
impact per mass of waste can be directly used iA Eidies to compare different composting
technologies or waste treatment alternatives, vasere the case of using the biodegradation
efficiency as functional unit the values obtained @elp in the detection of problems in the plant
operation and for the proposal of measures inteta@dprove the process by reducing the most

significant environmental impacts.

4. Conclusions

A methodology has been developed and successfpfiiieal to determine total VOC and
ammonia emissions in a composting plant. Ammoniga @etected in gaseous emissions from the
curing aerated windrows but it was not detectethénbiofilter exhaust gases. VOC were present

in both gaseous emissions sources. Emission faofad®s9 kg NH Mg OFMSW* and 0.21 kg
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VOC Mg OFMSW" for the composting process were determined wherirdatment of one Mg
of OFMSW was considered as the functional unithédigh in this study the methodology
developed has been applied to a specific configuratf a composting plant, it can be applied to
different technologies and wastes.

A new functional unit was proposed to reflect tifeciency of the composting process in terms
of biological activity and biodegradation level @ohed in the material treated. The respiration
index (RI), a global aerobic activity indicator, svaelected for this purpose. Thus, gaseous
emissions have been also related to RI reductibreaed in the process (from 5.8 to 1.08 mg O
g OM™ h*, which corresponded to 81% of reduction in thddujiwal activity). The functional
unit proposed can help in presenting the emissibascomposting plant on a more realistic basis
since, for instance, low emissions can be incdgrécterpreted as low impacts if they are due to
an inefficient biological process. To refer thegmss emissions, a value of RI of 0.5-1 mggO
OM™ h* has been proposed as an indicator of compostlistahi some European regulations
(Barrena et al., 2005), although there is stillaomsensus on the way to determine biological
stability .

Emissions associated to energy consumption andr watds and rejected waste production
were also determined for the studied plant andedltb both functional units used.

The values obtained and the methodology proposed bea useful to compare different
composting technologies and other biological tresti® applied to organic wastes in terms of
environmental performance indicators. When compadifferent facilities it should be taken into
account that they must have similar objectives ndigg to the quality and stability required for
the final product (compost). Data obtained frons tigpe of studies may contribute to enhance the

Life Cycle Assessment on waste treatment field.
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Tables

Table 1. VOC emissions from the biofilter of thadied OFMSW composting plant. Results of
VOC concentration and VOC emission rate are exptess the average value and the standard

deviation of two independent measurements care@ach day.

Day of VOC concentration VOC emission rate
Air velocity (m s')

measurement (mg C-VOC nv) (kg C-vOC db
0 0.08 0.071+ 0.039 0.70% 0.391
3 0.09 0.037+ 0.010 0.40% 0.110
7 0.07 0.054+ 0.021 0.471 0.182
14 0.06 0.057+ 0.001 0.422 0.008
21 0.08 0.437+0.078 4.348 0.776
35 0.08 0.223+ 0.056 2.213 0.558
42 0.07 0.260+ 0.024 2.263 0.208
49 0.08 0.513+ 0.082 5.103% 0.810
56 0.06 0.393+ 0.228 2.9321.702
63 0.06 0.749+ 0.406 5.58% 3.26
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Table 2. Input and output flows in the studied costmg plant. Functional unit: 1 Mg OFMSW

(data corresponding to year 2007).

T
Raw t OFMSW y 6082.3
materials bulking agent ¥ 1285.3
kJ electricity Mg OFMSW 3.42 10
" L gasoil Mg OFMSW 3.6
§_ m® water used in gas treatment Mg OFM3W  0.19
Resources 3 water used in composting process Mg 0.14
OFMSW*
Total n? water Mg OFMSW 0.33
m® tap water ¥ 96
kg CO; electricityMg OFMSW™ 50.2
Atmospheric kg CQ,dieseMg OFMSW* 10.3
emissions
(energy) kg VOC electricity Mg OFMSW 0.02
kg VOC diesel Mg OFMSW 0.64
S Atmospheric kg NH,MgOFMSW’ 3.9
= emissions
O (composting : 0.21
process) k9 VOC Mg OFMSW!
Mg compost ¥ 566.6
Product
Mg compost Mg OFMSW 0.09
Refuse Mg refuse Mg OFMSW 0.25
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Table 3. Emission factors, energy and water consompelated to total biodegradation of the

material expressed as Respiration Index (RI).

kd (kg Q@ hH)™ 260000
Resources L gasoil (kg Q hh)* 2.78
m° water (kg Q@ h)™ 0.256
kg CO; (kg O, )™ 46.95
Atmospheric emissions kg VOC (kg @ h™")* 0.657
kg NHz (kg O; )™ 3.03
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Figure captions

Figure 1. Schematic diagram of the studied compggtiant: a) Plant input and output flows
(dashed line indicates the limits of the systemsatered), b) Composting mass balance (100

kg of OFMSW input is selected as base for massba)a

Figure 2. Example of distribution of gaseous emisssampling points in a composting
windrow: a) sampling profiles on a side view of thimdrow, b) sampling points in a profile in

a frontal view, ¢) sampling points represented wirgdrow upper view.

Figure 3. Ammonia emissions from the forced aeratathg windrow a) Ammonia profile at
the second day of curing, b) Ammonia profile at $eeond week of curing c) Two dimension
projection of the ammonia emission profile at tleeand day of curing d) Two dimension

projection of the ammonia emission profile at teeand week of curing.

Figure 4. Ammonia mass flow in the forced aerat@ihg windrow obtained on each sampling

day.

Figure 5. Total VOC mass flow in the forced aerateding windrow obtained on each

sampling day.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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