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Abstract

Background, Aim and Scope: Composting is a viable technology to treat theaaig fraction of municipal solid waste
(OFMSW) because it stabilizes biodegradable orgamtter and contributes to reduce the quantity ohicipal solid
waste (MSW) to be incinerated or landfilled. Howetlee composting process generates environmenfadta such as
atmospheric emissions and resources consumptioshbald be studied. This work presents the invegndata and the
study of the environmental impact of two real costpw plants using different technologies, tunn@g) and
confined windrows (CCW).

Methods: Inventory data of the two composting facilitiesdied were obtained from field measurements and fotamt
managers. Next, Life Cycle Assessment methodologyg used to calculate the environmental impacts. gostmg
facilities were located in Catalonia (Spain) andevevaluated during 2007. Both studied plants tseatce separated
organic fraction of municipal solid waste. In batistallations the analysis includes environmentapact from fuel,
water and electricity consumption and the main gaseemissions from the composting process itsatir{ania and
volatile organic compounds, VOCS).

Results and Discussion: Inventory analysis permitted the calculation offedent ratios corresponding to resources
consumption or plant performance and process yitd respect to one ton of OFMSW. Among them, ih dze
highlighted that in both studied plants total eyecgnsumption necessary to treat the OFMSW andsfiwam it into
compost was between 130 and 160 kWh/t OFMSW. Enmental impact was evaluated in terms of Globalriilag
Potential (around 60 kg G® OFMSW for both plants), Acidification Potenti@.13 and 3.69 kg SGqg/t OFMSW for
CT and CCW plant respectively), Photochemical OtkislaPotential (0.1 and 3.11 kgl€, eqg/t OFMSW for CT and
CCW plant respectively), Eutrophication (1.51 an@70kg PQ*/t OFMSW for CT and CCW plant respectively),
Human Toxicity (around 15 kg 1,4-DB eq/t OFMSW footh plants) and Ozone Layer Depletion (1.66- Hhd
2.77-10 kg CFC" eq/t OFMSW for CT and CCW plant respectively).

Conclusions: This work reflects that the life cycle perspectisex useful tool to analyze a composting procasest
permits the comparison among different technologiesording to our results total energy consumptiequired for
composting OFMSW is dependent on the technologyd ysenging from 130 to 160 kWh/t OFMSW) as water
consumption is (from 0.02 to 0.33’of water/t OFMSW). Gaseous emissions from the astipg process represent
the main contribution to Eutrophication, Acidificat and Photochemical Oxidation potentials, whileose
contributions related to energy consumption areptirecipal responsible for Global Warming.

Recommendations and Perspectives: This work provides the evaluation of environmeritapacts of two composting
technologies that can be useful for its applicatorcomposting plants with similar characteristios.addition, this
study can also be part of future works to comparagosting with other OFMSW treatments from a LCAspective.
Likewise, the results can be used for the elabamaif a greenhouse gases emissions inventory ald@ed and Spain.

Keywords: Composting; environmental impact; forced-aeratendwiw; greenhouse gases emissions (GHG); in-vessel
composting; life cycle assessment (LCA); orgaréction of municipal solid waste (OFMSW); turned driow.
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1 Background

The massive growth of industrial activities, popigla and urban planning has lead to an increaseaste generation.
There is an international consensus about the itapoe of an adequate waste management and treawndntman

health protection and environmental impacts prevarthat has been reflected in the legislationtfer protection of
the environment (Eriksson et al. 2005). For thson there has been an evolution of municipal seédte (MSW)

management from a non-selective treatment andtdiisposal of MSW in controlled or uncontrolled dditis to the

use of treatment technologies including the vaadiin of the organic fraction (OFMSW) and other enatls recycling.
Nowadays the OFMSW treatment involves technologigsh as composting or anaerobic digestion thattresthe

degradation and stabilization of organic matter avass and volume reduction (Haug 1993; Richard 139@wever,

composting is at the moment the most widely usetirtelogy for the stabilization of organic wastes do the

complexity and economic investment that anaeroligjestion requires.

Composting allows wastes to be valorized, redutivgr size and volume and obtaining a valuablel fmaterial
(compost) that can be used as fertilizer or soiemaiment. Composting is an extended technology reating
household wastes, but it is also applied to ressde@ming from industrial activities. The composgtiprocess is mainly
divided into two phases, named decomposition amahguPre-treatment and post-treatment processeneressary to
improve the quality of the compost. Although thgeakive of composting facilities is to reduce thevieonmental
impact related to organic solid wastes, there agevaidable environmental impacts and social corscdarived from
this activity.

In the last years different studies on mass andggritows related to composting facilities have hearried out to
determine the environmental impacts of this typeredtment systems. A major concern has been tidy stf gases
emitted during the composting process itself §NYIOCs, NO, CH, and other compounds) that contribute to global
warming, acid rain, human toxicity and to the prdio of photochemical oxidation reactions in thenasphere
(Komilis et al. 2003, Hellebrand and Kalk 2001; Bag et al. 2006). Simultaneously, emissions to dgmhiere have
been also studied to identify impacts related twogaication and soil acidification (U.S. EPA, 2Q00Blass and energy
balances, as well as economic accounts have bsepeaiformed (Fricke et al. 2005, Diggelman and 2863).

Other authors have developed mathematical modelan@yze MSW management such as, for example,
EASEWASTE (Kirkeby et al. 2005), ORWARE (Sonessbiale1997) and WASTED (Diaz and Warith 2005). Téhes
tools include the environmental burdens assocititeglaste management. Weitz et al. (1999) devel@pemhtegrated
tool to consider environmental and economic corgefrdifferent waste management strategies.

Life Cycle Assessment (LCA) has been also proptsadipport waste management decisions at difféegats as it
provides a comprehensive view of the processesmpacts involved (Finnveden et al. 2007). A sigrafit number of
publications report LCA use for the comparison iffiedent waste management scenarios to quantifyethéronmental
burdens and benefits of the different proposalsdigret al. 2007; Finnvenden et al. 2005; Glereed. &006; Wilson
2002). Other authors studied MSW management sysremsdifferent cities or regions as Ankara (Ozaleal. 2006),
Phuket (Liamsanguan and Gheewala 2008), Gipuzkadi@lel et al. 2004) or Corfu (Skordilis, 2004) usit@@A. LCA
has been also applied to the study of waste tredtplants, particularly anaerobic digestion plafishikawa et al.
2006). Finnveden et al. (2005) used this tool &t the waste management hierarchy (which givesepr€e to
recycling over incineration or landfilling) and ttetermine the situations where this hierarchy isemvironmentally
valid.

Some methodological aspects have to be considened WCA is applied to waste management systems asitihe
definition of system boundaries, the multi-inpubehtion and open-loop recycling allocation (Finder 1999). It is
also important to notice that LCA in MSW managenmsydtems includes a wide variety of data necegsapgrform
the required inventory. Although some operations/éiste management are independent on the spelséfiaateristics
of the waste processed, some other are stronglierkto these characteristics (Barton et al. 1986nany cases data
collected in LCA inventory is deduced or directlytained from bibliographic references or data b§&éereca et al.
2006; Ménard et al. 2004). This practice may denivéhe use of erroneous data when waste managesperations
are dependant on waste characteristics, whichaseeresults uncertainty. Studies on waste manageptons have
been considered simplifications of reality implyiagiumber of unclear user assumptions (Finnvedah 2007). Thus,
the existence of real data on real full-scale wastatment facilities will help to reduce the indetr uncertainty of
LCA.

The aim of this study is to determine the environtakimpact of two commonly used composting tecbgs, in-
vessel (tunnel) and confined windrows compostirgingi LCA. Data necessary to evaluate the enviromahémpact



have been obtained from two full scale facilitigsrheans of a questionnaire destined to plant masagyed on site
emission measurements (for ammonia and VOCSs). btareal data on gaseous emissions from compoptargs to
be used in local or national greenhouse gases tores is an additional objective. The stages aersid in the LCA
study were goal and scope definition, inventorylysis and impact characterization as impact evalnaand
interpretation criteria still lack of internationabnsensus (Guereca et al. 2007; Reap et al. 2008).

2 Materials and Methods
2.1 Composting plants

The two composting plants, both treating sourceassgpd OFMSW, were studied during 2007. Figure dwshthe
general operation flowchart of each plant.
Fig. 1

The Composting Tunnels (CT) facility is located@irona province (Catalonia, Spain). This planttseround 6000 t
OFMSW/year using wood chips as bulking agent. Tbeothposition phase is carried out in closed readtonnels)
during 2 weeks under controlled conditions of deratind watering. The curing phase takes plac®iicefl aerated
windrows during 6-8 weeks. Gaseous emissions coffnorg the pretreatment area (trommel screen andngjixand
composting tunnels are treated in a wet scrubblenied by a biofilter. The leachate produced idexikd and treated
in a nearby Municipal Wastewater Treatment Plaestation of the compost produced is agricultume eivil works.

The second plant is located in Barcelona provi@aglonia, Spain). This plant uses a compostingnslogy based
on Confined Windrows (CCW) treating around 91 t G&®M/year using pruning waste as bulking agent. Troegss
consists of a decomposition phase in confined wawdrwith controlled aeration and watering duringekeks followed
by 6-8 weeks in a turned windrow (curing phasekdjcally, the waste to be composted is disposetbincrete-made
open trapezoidal containers which basis is peddrab provide aeration and collect leachate thastised in a
separated tank. The waste is partially covered vattile linen that prevents from water losses anotects from
rainfall retaining compost properties. Each corgaiis considered a confined aerated windrow. Theliat plant
consists in one single container. During the deamsitipn phase the produced leachate is used ta Watematerial in
the confined windrow. The final compost is primatilsed in nursering and agriculture.

OFMSW treated in CT plant comes from a street bifection system whereas the CCW plant treats OFM&m
a door to door collection system.

In general, the CT plant represents a compostiagtf medium-to-large capacity, with high invesirneost and
air cleaning, whereas the CCW plant is a low-cosals scale plant, open to the atmosphere and witbomplex
equipment. Nevertheless, and taking into accouattttie scale up of the process would simply condisicreasing the
number of containers but maintaining the same m®@®nditions (amount of waste in each containespes and
dimensions of the windrow, aeration rate, bulkirger@t:OFMSW ratio, etc.), the CCW plant can be aersid
representative of any plant capacity if this tedbgg is selected.

2.2 LCA Methodology

2.2.1 Goal and scope definition

The scope of the present study is to compare twoposting technologies from an environmental poinview:
tunnels and confined windrows. The functional whibsen is the treatment of 1 ton of source-sele®EMISW. This
functional unit will permit the comparison of battudied composting plants regardless its treatwepacity.

2.2.2 System boundaries

LCA was basically performed on the composting @aekcluding transportation of OFMSW, compost afdse to its
final destinations and wastewater treatment. Felektricity and water consumption as well as atrhesp emissions
were deeply studied. System boundaries and inglibatput flows considered are represented in Figure

Fig. 2



2.2.3 Inventory analysis

The methodology used for the inventory of the bosdassociated to the composting plants was a catitrinof a

guestionnaire destined to plant managers and arsgdc sampling campaign. Data on amounts of tle@EMSW,

refuse and compost production, electricity and watemsumption were obtained by means of this qoestire. Data
on the questionnaire related to process operatiooaditions (days of treatment, aeration conditiats.) were also
checked and confirmed in situ. Emissions of ammania VOCs were determined in situ or at laboras®explained
bellow.

Gaseous emissions released to the atmosphere camebiofilters and curing windrows surface in Cupl and
from the confined windrow and curing windrow sudda CCW plant. For this reason, different sampliaints were
established in each of these surfaces where exlgassts velocity and ammonia and VOCs concentratiere
simultaneously measured. Ammonia concentrationagegus emissions was determined in situ using anoam
sensor ITX T82 (Oakdale, PA, USA) with a measuragmange of 0 to 200 ppmv. VOCs concentration wderdaned
by Gas Chromatography in the laboratory from gasesamples obtained in the composting plant in 1dldrebags
(Colén et al. 2009). Output gas velocity in compastvindrows and biofilters surface was determibgdmeans of a
hot wire anemometer (Velocical Plus, mod. 8386, Aillow Instruments, UK), velocity range from 0.@& 30 m/s)
and a Venturi (Veeken et al. 2002). The producthef gases velocity by the contaminant concentraltowed the
calculation of the contaminant mass flow per swfanit (mg contaminant'sm®). The product of this value by the
surface area results in the contaminant mass fho@ath surface area unit. The sum of all the vadisined during a
sampling day permits the calculation of the dailyoaint of contaminant emitted from a plant. Thes@asuees were
taken in different days during the whole period stfidy (three months) to finally obtain the totalagtity of
contaminant (ammonia and VOCs) emitted to the apme® during that period, which can be considered
representative for a full-scale composting plant.

Emissions from diesel and electricity consumptiortie composting plants were derived from the BUWZ280
database in Simapro 7.0 (BUWAL, 1998). The eleityrimodel considers the consumption of electrigitpduced in
Spain including production and transport of primanergy sources. The fuel consumption model corsithe Heat
Diesel B250, from 1 kg of diesel. It includes thmigsion data of the primary energy sources (Goegk®004).

2.2.4 Impact characterization

Impact categories considered in the analysis wésbay warming (GWP100), acidification (ACP), photeenical
oxidation (PO), eutrophication (EU), human toxiqiiyT) and ozone layer depletion (ODP), since tresgegories have
been considered in similar studies (Banar et &928lengini 2008; Emery et al. 2007; Erikssonlef@05).

3 Results
3.1 Inventory analysis

Data collected in the inventory stage were usedatoulate different ratios related to the compagtmocess. These
ratios (Table 1) include the efficiency of the carsfing process with regard to the amount of compostiuced (t
compost/t OFMSW), the generation of refuse (t refooduced/t OFMSW) and the efficiency of the peatment step
(t refuse produced/t refuse initially present inNCBW). The refuse produced corresponds to the amoluntaterial
separated from the OFMSW in pre and post-treatratags, while refuse initially present in OFMSW wastained
from data published by the Catalan Waste Agencgdas periodical characterizations of OFMSW dutimg studied
period (Agéncia de Residus de Catalunya, 2007 allinratios related to resources consumption iefficy (kWh/t
OFMSW, L diesel/t OFMSW and hwater/t OFMSW) were also calculated. Plant marmgeovide extensive and
reliable data on the above mentioned parameters.

Table 1

Total energy consumption was calculated assumiaglth of diesel produces 10.6 kWh (Queensland EB@8Y. As it

can be observed in Table 1, the total consumpti@mergy in CCW plant is higher than that of the @ant (161.4 and
133.4 kWh/t OFMSW respectively) while CT plant t@bigher consumption of electricity than CCW plégt kwhit

OFMSW and 65.5 kWh/t OFMSW respectively).



Regarding water consumption, CT plant consumesnést more water than CCW plant (0.33 and 0.G2vater/t
OFMSW respectively). Two main reasons can explhia tlifference. The first one is that watering ¢ tmaterial
during the composting process is more intensiv&Tirplant than in CCW plant. Additionally, in CCWapit leachate is
used to water the windrow during the decomposiphiase to reduce water consumption. The second raasa
particular characteristic of the studied CT pladarding its location next to a Municipal Wastewateeatment Plant
(MWWTP). This fact allows plant managers to usated water from the MWWTP in the wet scrubber ¢attigaseous
emissions (mainly ammonia) to the atmosphere. @ndbnse, the scrubber system in CT plant workk it open
water circuit whereas CCW plant does not have gasston treatment.

3.2 Impact characterization

Inventory data for each composting plant was dieskinto different categories for impact charaiztation following
the LCA methodology that are represented in FigBwreEmissions from electricity consumption (in whijtéuel
consumption (in grey) and organic matter degradd(io black) (ammonia and VOCSs) during compostiregemused to
calculate the different impact potentials. Impaategories analyzed were: global warming (GWP100ification
(ACP), photochemical oxidation (PO), eutrophicat{gty), human toxicity (HT) and ozone layer deplet{®DP).
Figure 3

In addition to the values presented in Figure 3l&@& summarizes the contribution percentages ofi @mission
source to the total value of the impact potenfiaishe two composting plants.
Table 2

Global Warming Potential (GWP100)

Impacts of electricity, fuel and process emissiongylobal warming are shown in Figure 3a. Resuitsioed for CT
and CCW plants are very similar (63.9 and 63.1%ky eq/t OFMSW respectively). Process contributioGiéyP100
was negligible since Croduced during the composting process has not t@asidered as it comes from a biogenic
source (Rabl et al. 2007).

Acidification Potential (ACP)

Environmental impact on acidification is shown iiguite 3b. In both plants the main contribution a@iddication is
produced by process emissions, particularly ammenissions. CT plant acidification potential is g than that of
CCW plant (7.13 and 3.7 kg $@qg/t OFMSW respectively). Ammonmocess emissions in CT plant represents 94 %
(6.70 kg SQ eqg/t OFMSW) of the total ACP and 87 % (3.2 kg,®Q/t OFMSW) for the CCW plant. In the CT plant
emissions from the decomposition phase (tunnel) @uedreception zone are treated with a wet scrulsimer a
biofiltration process (with an ammonia removal gliglear 100 %, data not shown) while those fromctimng phase
are directly released to the atmosphere being nsiiple for the overall ammonia emissions.

Photochemical Oxidation (PO)

Contribution of fuel and electricity consumptiondaprocess emissions to photochemical oxidation rpiate is
presented in Figure 3c. Process emissions (0.08,kg eq/t OFMSW and 3.03 kg.H, eg/t OFMSW for CT and
CCW plants respectively) represent the main coutidin in PO value in both cases. VOCs emitted dudomposting
process are the main responsible. In case of QT pl@Cs emissions are considerably lower than tifimsa the CCW
plant due to gas treatment and the low emissiof@Es during the curing phase.

Eutrophication (EU)

As it has been observed for ACP, ammonia emisgiomsg the composting process are the main coritibuo the
eutrophication potential (Figure 3d). Distributinis 97 % for the CT plant (1.47 kg FCeq/t OFMSW) and 91% for
the CCW (0.70 kg P§ eq/t OFMSW). Contribution of energy consumptionthe eutrophication potential was
practically negligible.



Human Toxicity (HT)

Fuel and energy consumption are the main contributbhuman toxicity potential (Figure 3e). In Clang electricity
consumption caused 84.5 % of the total HT potemtlareas only 13 % was derived from fuel consunmptio relation
to CCW, electricity consumption caused 63.6 % &f tategory and 35 % was derived from fuel constonpt

Ozone Layer Depletion (ODP)

ODP is mainly derived from energy consumption.His study, 1.66-IDand 2.77- 18 kg CFC** eq/t OFMSW for CT
and CCW plant respectively were calculated (Figifye Fuel consumption represents the major impatit 84 % of
contribution in the CT plant and 81 % in CCW pldntthis case, since in CCW plant the fuel consuompis higher
than in CT plant, ODP is also higher in CCW pldrart in CT plant.

4 Discussion

As previously explained, the OFMSW treated in twe tomposting plants came from different collectaystems.
Although waste collection is not included withiretboundaries of the system, the strong relationbbtpveen solid
waste generation ratios in Table 1 and the reportaste collection systems should be highlightedoDim door
collection system used in CCW plant is more effitiln terms of OFMSW final quality than street kiallection
system used in CT plant (refuse production ratfos% and 25% respectively, Table 1). This fact &ks® been stated
in other studies (Alvarez et al. 2008) and deteemithe complexity of the implemented pre and pesttinent
operations (Figure 1). Complexity of these treathsteps can theoretically affect the energy anématnsumption of
the entire process. In consequence, some ratissmquex in Table 1 are also different.

A large difference between the two plants can b&eolked in relation to the efficiency of the processerms of
refuse separation from raw OFMSW. This differereeue to the influence of the collection systenthlenquality of
the input OFMSW, but also to the efficiency of preatment and post-treatment operations. A rati@.6ft refuse
produced/t refuse initially present in OFMSW hasrbdetermined for CT plant while no refuse was poed in CCW
plant. Values of this ratio higher than 1 mean #mahe organic matter is separated as refuse vathdhsequent loss in
the capacity of the plant for compost production.

The ratio t compost/t OFMSW is 5.5 folds higherGEW plant than in CT plant. Since in general, theran
complex a plant is, the less amount of composkédyl to be obtained, the presence of impuritiea factor affecting
the results of LCA. Additionally, in CT plant paseatment operations consist in a trommel scre@mitn) followed
by a ballistic separator while in CCW plant postatment operation only consists in a trommel sc(@88mmm), which
allows some bulking material to remain with theafioompost obtained.

On the light of these results it can be stated thatinfluence of the OFMSW collection system omposting
plants impacts requires a more detailed study whtl¢he same time, it highlights the difficultiesestablishing system
boundaries in LCA studies about waste treatmentasugagement strategies.

The quality of the compost obtained is an aspeat #fiould be taken into consideration when compatime
impacts of different treatment facilities as fewpats can be derived from a facility producing & bpality product.
This can lead to wrong conclusions in terms of emrmental impact. Our analysis of the compostsinbthshow good
quality products in both cases.

Electricity is mainly consumed during decompositaond curing phases in CT plant due to forced amratihile in
CCW plant forced aeration (and electricity) is onbed during decomposition. On the contrary, diesasumption is
higher in CCW plant. This fact can be firstly ditried to the longer distance from decompositiom#turation zones
in CCW plant compared to CT plant, which impliesgkr transportation impacts; and secondly to tlo thzat mixing
and post-treatment processes are performed witeldmachinery in CCW plant while electrical equipmis used in
CT plant. However, total energy consumption is bigin CCW plant than in CT plant. According to thiscan be
stated that diesel will have a greater contributmthe total energy consumption than electricitige different use of
the energy sources in both plants is also reflenidtieir contribution to GWP100 values: 83% of tbh&al value of
GWP100 is due to electricity consumption in CT plahile this contribution is reduced to 58% in CQnt, which
means 53.35 kg Ceg/t OFMSW and 36.78 kg G@g/t OFMSW respectively (Table 2). In both casesprincipal
compound responsible for the GWP100 value obtam€&D, from energy consumed.

Energy consumption is also the major contributoHo potential for both plants but even though tbiltenergy
consumption in CCW is higher than in CT, HT is lowe CCW plant. CCW plant consumes more fuel thanpant,
resulting in a minor impact in the overall HT pdiah Therefore, plants consuming fuel should cibute less to HT



potential than plants based on electricity. In ¢tase of ODP the situation is inverse being diesaesemption less
favorable as a source of energy regarding this atpa

Ammonia emissions come mainly from the compostirecess in both plants with a negligible contribnotif the
different energy sources to the final value (TableThis fact is reflected in the contribution pemtage of the different
emission sources to the values of ACP and EU whemmonia accounts for more than 85% of ACP and Elbd&h
plants (97% in the case of EU for CT plant) (TaBJelmportant ammonia emissions during the compgstirocess
have also been described by other authors (Hehdbet al. 2001; Pagans et al. 2006). Exhaust gadntent in
composting processes offers a clear opportunitydducing the values of ACP and EP, minimizing éngironmental
burdens of the plant related to these two impategmaies. In the case of CT, ammonia present irsgions from the
composting tunnels and other parts of the plaaffisiently removed by scrubbing and biofiltration.

The value of PO is mainly due to VOCs emission athbplants especially in CCW plant where this eriss
represents 97% of PO value. VOCs emitted in diesesumption in CT plant suppose the 23% of PG évident that
PO impact category needs field data on VOCs emmdsioan accurate evaluation.

Comparing impacts generated by both plants it @apdinted out that the studied configuration of Taant has
higher impact on EU and ACP potentials due to higlamonia emission during the process, while thelist
configuration of a CCW plant produces a higher iotgen PO due to higher VOCs emission during thegss and
ODP due to a higher fuel consumption. Finally, @aliph energy consumption is the main responsiblegfobal
warming and human toxicity and CCW plant presehés lighest energy consumption, the different cbation of
diesel and electricity to this consumption leadsimoilar values of GWP100 and HT for both plants.

5 Conclusions

Two composting plants using different compostinthtelogies have been studied during 2007. LCA l&nhused to

calculate environmental impact indicators of eamtility. Several conclusions can be obtained frbim &nalysis:

» LCA methodology is an effective tool for analyzitig environmental impact of composting facilities.

e The values of the ratios calculated about planfoperance, especially those related to refuse génaraare
strongly dependent on the quality of input OFMSWijch at the same time is directly influenced by ¢bh#ection
system used. The importance of the boundarieseafybtem considered in LCA studies for waste manageand
treatment operations should be emphasized.

* Gaseous emissions from the composting processsegréhe main contribution to Eutrophication, Afigition
and Photochemical Oxidation potentials in both fdafihese emissions should be carefully determiviezh using
LCA to compare composting technologies. The valokshese potentials could be drastically decredasgd
designing and implementing efficient gaseous emmsstreatments in composting facilities.

» According to our results, total energy (electricétyd fuel) necessary for OFMSW composting dependhen
technology used, ranging from 133 kWh/t OFMSW far flant to 160 kWh/t OFMSW for CCW plant. Energy
use represents the maximum contribution to Globariwhg, Human Toxicity and Ozone Layer Depletion
Potentials for both plants and the relative valoéshese potentials depend on the different couatidim of
electricity and diesel consumption to the totalrggaised in each plant.

e The different ammonia and VOCs emissions foundtfar two different composting plants studied andrthe
relative contribution to EU, ACP and PO values &l ws the dependence GWP100, HT and ODP on tledfp
energy source used highlight the need of real ddta. is strictly necessary to accurately perfor@ALstudies as
the use of general data on the composting procagdead to an increase in results uncertainty.

4 Recommendations and Perspectives

This work provides new data on the environmentglaot of two different composting technologies. Altlgh LCA has
been previously used to compare waste treatmenhodmgies, this is, to the authors’ knowledge, fitet study where
the insights of two composting technologies areesyatically studied and compared in terms of emvritental impact.
In addition, the study of other technologies andlifies will reduce the uncertainty of the inventodata and will
improve the quality of the LCA performed. From ahrical point of view, it can be stated that th@iavement of the
process gas treatment can drastically reduce tpadhof composting plants. Likewise, the resultsspnted in this
paper can contribute to expand the greenhouse gasssions inventory in Catalonia.
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Table 1: Inventory analysis for the two composting techgas, tunnels system (CT) and confined windrow (QCRA4ta is related to the
treatment of 1 t of OFMSW (Functional unit).

Table 2: Impact characterization results (impact potentiflsthe two composting technologies, tunnels (@ confined windrow (CCW)
including the contribution of composting proceselfand electricity consumption to the total vaddi¢he potential (percentage contribution
of each item to the total value of the plant indkegs).

Fig. 1 Flowchart of the studied composting processes.fg@sting in tunnels (CT) and composting in confimeéddrow (CCW).

Fig. 2 Input and output flows analyzed in both composplants.

Fig. 3 Environmental impacts comparison in the two comipgsiplants studied (tunnels composting, CT and icedf windrows
composting, CCW): (a) global warming (b) acidificat (c) photochemical oxidation (d) eutrophicati@) human toxicity (f) ozone layer
depletion. Black bars correspond to the contributdd composting process to each category, grey daagelated to fuel consumption
impacts and white bars to electricity consumption.

Table 1: Inventory analysis for the two composting techgas, tunnels (CT) and confined windrow (CCW) spst®ata is related to the
treatment of 1 t of OFMSW (Functional unit)

Units CT CCw
Process inputs
Waste treated t OFMSW/yr 6082 91
Resources consumed kWh electricity/t OFMSW 95 65.5
L Diesel/t OFMSW 3.6 9
Total energy kwWh/t OFMSW 133.4 161.4
m® water/t OFMSW 0.33 0.02
Process outputs
Atmospheric emissions kg VOC emitted/t OFMSW (psscemissions) 0.205 7.3

kg NH; emitted/t OFMSW (process emissions) 3.9 2

kg CQ emitted/t OFMSW (energy-related emissions) 60.4 .260

kg VOC emitted/t OFMSW (energy-related emissions) 0.087 0.176
Final product t compost/t OFMSW 0.093 0.52
Solid waste generated t refuse produced/t OFMSW 50.2 a

t refuse produced/t refuse initially present inNGBW 2.5 i

@ Negligible, refuse recycled into the process
P Refuse present in OFMSW input determined as estaliby the Agéncia de Residus de Catalunya (2007)

Table 2: Impact characterization results (impact potentiéds the two composting technologies, tunnels (@Rg confined windrow
(CCW) including the contribution of composting pess, fuel and electricity consumption to the tetlie of the potential (percentage
contribution of each item to the total value of fhant in brackets)

Impact potentials Plant
Tunnel composting (CT) Confined Windrows Compos{i@gW)

Process Fuel Electricity Total Process Fuel Eleityri  Total
Global Warming 0 10.55 53.35 63.90 0 26.37 36.78 63.15
(kg CQG eq/t OFMSW) (0%) (16.5%)  (83.5%) (0%) (41.8) (58.2)
Acidification 6.70 0.11 0.32 7.13 3.2 0.27 0.22 3.7
(kg SQ eqg/t OFMSW) (94%) (1.5%) (4.5%) (86.7%) (7.3%) (6%)
Photochemical Oxidation 0.09 0.03 0.009 0.13 3.03 0.07 0.007 3.11
(kg GH4 eq/t OFMSW) (69.8%) (23.2%) (7%) (97.6%) (2.2%) (0.2%)
Eutrophication 1.47 0.024 0.017 1.51 0.7 0.06 0.01 0.77
(kg PQ* eq/t OFMSW) (97.3) (1.6%) (1.1%) (90.7%) (7.8%) (1.5%)
Human toxicity 0.42 2.04 134 15.86 0.2 5.1 9.24 14.54
(kg 1,4-DBeg/t OFMSW)  (2.6%) (12.9%)  (84.5%) (1.4%) (35%) (63.6%)
Ozone layer depletion 8.9.1° 7.7.1¢ 1.66-1C 0 2.24-1¢ 053-1F 2.77-10
(kg CFC™eq/t OFMSW (0%) (53.8%)  (46.2%) (0%) (80.9%)  (19.1%)

Fig. 1 Flowchart of the studied composting processes.fgosting in tunnels (CT) and composting in confimeéddrow (CCW).
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Fig. 2 Input and output flows analyzed in both composplants.
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Fig. 3 Environmental impacts comparison in the two comipgsiplants studied (tunnels composting, CT and icedf windrows
composting, CCW): (a) global warming (b) acidificat (c) photochemical oxidation (d) eutrophicati@) human toxicity (f) ozone layer
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depletion. Black bars correspond to the contributdd composting process to each category, grey daagelated to fuel consumption
impacts and white bars to electricity consumption.
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