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Abstract

This study investigated a wet mechanical pretreatneeimprove methane production by
anaerobic digestion from biowaste material by s#pay a biodegradable aqueous slurry
fraction (ASF) from a more recalcitrant particuldtaction (PF). Four source-sorted
municipal biowaste were studied, namely Househ&l8W), Supermarket (SBW),
Restaurant (RBW) and Green Biowaste (GBW). Therreat consisted in soaking the
waste in water and then press the slurry throughdawith 3-mm openings to separate

the 2 fractions. Methane production of ASF and Btained from the 4 biowastes were
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measured using the BMP protocol and compared toptiential of the respective
untreated biowaste.

Results were very different for GBW as compareth&other 3 BW. With GBW, which
was the most lignocellulosic of the BW studied,yohl % of the initial methane potential
was recovered in the ASF. The extraction was muttebon the other biowastes and
increased in the following order: HBW (58%)RBW (57%) < SBW (67%). The ASF
from these biowastes exhibited low total solidsteats and high BMPs (416, 408 and
423 Nlcha.glvs for HBW, RBW and SBW respectively).

The experimental results obtained in this studyedoee showed that wet pressing
separation was an efficient pretreatment to impaowe facilitate methane production by

anaerobic digestion of biowaste such as HBW, RBW3BW.

Keywords: biomethane potential; municipal organic wastet pvess separation; energy

recovery; biodegradable organic fraction; biocosiger
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1 Introduction

Municipal solid waste production (MSW) is still gvong in most European cities despite
the efforts made to reduce it (Fisgativa et al. @0ORraguglia et al. 2018). MSW
comprises several categories of waste collectedrban territories, including biowaste
(BW). According to the European Directive 2018/8®BMV includes biodegradable
garden and park waste, food waste from restaurants supermarkets, and the
biodegradable organic fraction of household wadferqpean Union 2008). The
production of municipal biowaste in EU-28 was estied to 86.19Tons per year.

Household BW and Garden BW represented 60% ando38d4s production respectively
(European Environment Agency 2020). Due to theoldgical origins and specific

characteristics, BW are potential resources of mganatter for the production of

compost, nutrients, or energy (Escamilla-Alvaratial e2017).

Selective collection of BW is developing fast irveeal European urban areas (Bernstad
et al. 2014; Sidaine and Gass 2013). Europeanategu will make it compulsory in
2023 (European Union 2018). This evolution shomigrove the quality of the recovered
organic matter and thereby favor its reuse forcadiral purposes in the future (Hansen
et al. 2007). However, the possible presence oksinable materials such as glass,
plastics, ceramics, etc and even hazardous sulestauch as heavy metals and other
micropollutants, is likely to remain a significargk in big cities where the quality of the
selective collection may be degraded for varioasoas (Weithmann et al. 2018). In this
context, energy recovery appears more adaptedoenuerritories because it would be

less sensitive to possible contaminations of teeurce.
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Among the different possible strategies to conk into energy, methane production
is attractive in urban territories. Methane hasgh lenergy content of 10 kwWh per Rm
several possible energy usages, and it is alreastyibdited in many cities through
existing grids. BW however contains different prdamms of biodegradable matter and
more recalcitrant constituents such as lignocetiacl@ompounds (St Joly et al. 2000;
Fisgativa et al. 2017). Several types of procebsee therefore been used to optimize
methane production from BW. Biological anaerobigedition is best adapted to convert
the humid and readily biodegradable organic camestits (Capson-Tojo et al. 2016).
Thermochemical processes such as gasification woeldhore adapted for their less
humid and more recalcitrant constituents (Vakaliale2017). Pretreatments of BW are
therefore needed to separate the 2 types of coasts and apply adapted treatments to

each of them (Rodriguez-Valderrama et al. 2020).

Mechanical treatments have been used for decadedidhwaste treatment applications,
and still are. Sorting operations are used to remawdesirable materials or, on the
contrary, recover valuable constituents from a wdkiw (Ariunbaatar et al. 2014;
Pognaniet al. 2012). Several authors have used mechaspeahtions as pretreatments
prior to anaerobic digestion (Hansen et al. 200¥ Jarmo Precci Lopes et al. 2019).
Press-separation was investigated to remove umbdsiimpurities and recalcitrant
particulate matter from BW (Jank et al. 2015) omptoduce a biodegradable aqueous
slurry (Micolucci et al. 2015a; Do Carmo Precci kgpet al. 2019). However, most of
published studies on the subject have concernesehold BW mixed or not with green
waste. Do Carmo Precci Lopes et al. (2019) repdhatithe design and implementation

of mechanical pretreatments was still a challengitegp to convert BW into methane
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and/or compost. To our knowledge, no comparatiwvdyshas been conducted on specific

BW categories as reported in the present article.

The present study investigated the implementatibmvet pressing as a mechanical
pretreatment of 4 types of BW to optimize theirenodic digestion. The treatment was
meant to generate an aqueous slurry fraction (AS#pected to extract as much as
possible the soluble readily biodegradable corestits; and a particulate fraction (PF)
expected to collect fibrous and particulate coustits along with undesirable materials
that may be present. The aqueous slurry is toibated to anaerobic digestion to produce
methane, whereas the particulate fraction wouldrésted by gasification followed by

methanation of syngas.

2 Materials and methods

2.1 Selection and characterization of biowaste samples

The categories of BW material investigated in #iisdy were selected in collaboration
with the technical services of Lyon Metropolitane&r France, considering the following
criteria:

- Quantitative production on the considered teryito

- Avalilability (dispersion, accessibility), colléoh costs and possible difficulties;

- Territorial specificities, public policies, pattl strategies, other operational issues.
Four types of BW were selected, namely Garden B\BWp collected from domestic,
municipal and private sources; BW from restaurdRBW) collected from private and
public collective catering sources including sclspdiousehold kitchen BW (HBW)

collected from a set 200 hundred people (facultynivers, staff and students of our
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institution) who separated at source their own faadte; BW from supermarkets (SBW)
collected from a company specialized in depackagfigixed supermarket food waste.
Representative samples of about 200 kg of each BW¢ wollected in September 2018
following standard sampling guidelines and proted¢dF EN 14899 (2006). Each sample
was homogenized by coarse shredding using a Bli83BBand analyzed as reported in
a previous work (Moretti et al. 2020). All analysesre duplicated and results were well
reproducible. Table S1 (supplementary data) gattierghysico-chemical composition
and biodegradation potential of each BW, which vekeermined as described in Moretti

et al. (2020).
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2.2 Biowaste pre-treatment by soaking and pressing

The protocol followed to treat the different BW gaes is illustrated in Figure 1. Assays
were done in triplicates. Each shredded sampleseaked in de-ionized water ina 1 L
glass beaker. Two liquid to solid ratios were tésteand 10 g of water perofdry BW.
250 mL of the suspensions were mixed for 20 minatesroom temperature of 23+/1°C,
in a Heidolph REAX 20 tumbler agitator set at 1énrprhe objective of this operation
was to extract as much as possible the solubleali@dal organic matter from the BW
samples.

Lab-scale filtration-compression cells were theeduso separate ASF from PF. The
experimental setup is shown in Figure S1 (suppléangrdata). It was made of three
0.46L cylindrical stainless steel cells of 70 mman diameter and 120 mm height. A
stainless-steel disk perforated with holes of 3 chameter was placed at the bottom of
the cylinder. The BW suspensions obtained aftekiagan water were introduced into
the 3 cells in order to run triplicate assays faclreBW sample. The filtrate (ASF) was
collected from the bottom of the cells and its nrassitored online over time. After 20

minutes pressing, the system was stopped and PEolNasted from the cells.

The experimental conditions tested are gatherd@bie 1. Due to the high and regular
annual production of HBW and the current evolutwdrthe European regulations which
will make it compulsory to collect this waste séieely and manage it specifically in
2023, HBW was selected as the resource to focus prority. The first two series of
experiments (first 2 lines of Table 1) were carrmat only with the HBW. These
experiments compared 2 pressures (3 and 6 bars)/&cdatios for the wet-pressing
treatment. The treatment duration was fixed at 20. freliminary studies had shown

that this duration would guarantee no kinetic lahdns that could bias the comparisons

8
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between the waste samples. The last series ofiexgras was done to compare the results
obtained with the different waste samples. Thege®/ments were carried out at a given

pressure (6 bars) and given L/S ratio (10). Thed@W were studied for comparison.

2.3- Analysis of aqueous slurry (ASF) and partitifsactions (PF)

2.3.1 Physical and chemical analyses

ASF and PF obtained from the pretreatment of eAdhn\Ere characterized in triplicates.
Total solids (TS) were measured by drying for 288@5°C known masses of samples
and weigh them dry (Baird and Bridgewater 2017)a¥lle Solids (VS) were determined
as the mass loss upon calcination at 550 °C for (Bawrd and Bridgewater 2017).
Chemical oxygen demand (COD), Total Kjeldahl niengTKN), and ammonia nitrogen
(NHs-N), were analyzed according to standard methodsdBnd Bridgewater 2017) on
samples dried at 70 °C for 3 days (until to constaight) and crushed down to below 2
mm. Water soluble carbohydrates (WSC) and Vol&itty acids (VFA) were analyzed
only in the aqueous slurries by lonic Chromatogyapionex ICS5000 Thermo Fisher

after filtration at 0.4%um.

2.3.2 Biochemical methane potential (BMP)

Biochemical methane potentials (BMP) were measareglach selected BW and on ASF
and PF, following the guidelines reported by Hdhgt al. (2016). For BW samples and
PF, BMP assays were conducted at 35°C in 2 L glassels, for ASF, assays was

performed in 0.5 L. The inoculum was a fresh digeésludge taken from the wastewater
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treatment plant of La Feyssine, Lyon, France (T&323%wt; VS 1.4-2.2%wt). The
inoculum to substrate VS ratio was 2 g/g. Oncedillthe glass vessels were purged with
N2/CO: (80/20% v/v) gas for about 2 minutes, sealed apdlibrated at 35°C. Blanks
containing only the inoculum and water were systerally monitored along with each
series of assays in order to correct the recordd® Bom residual methane production
of the inoculum. Positive controls with cellulosere also monitored.
All blanks and assays were triplicated. Biogas potidn was followed by monitoring
the pressure in the flasks using a Digitron preaishanometer. Biogas was released from
the flasks when the pressure exceeded 1200 hP&oBgmosition was analyzed using an
Agilent 3000 micro gas chromatography equipped \aithermal conductivity detector
(GC-TCD). Molsieve 5A (14 m length; pore size: 5#&)d PoraPlot A (10 m length;
0.320 mm ID) columns were used as stationary phlaseSC-TCD, using Argon as a
carrier gas. According to the protocol describedHnlliger et al. (2016), tests were
stopped when the daily biogas production was less 1% of the total volume of biogas
produced.
The rate of methane production was determined fttemet methane production (i.e.,
after subtracting the blank methane productionpating to a first order kinetic model
(equation 1).

Ver, () = Vi (1 — e79) 1)
whereVcy, (NL) is the cumulated volume of methane producettha t;¢ (d) is the time,
Vimax (NL) the maximum volume of methane produced, amel first order kinetic

constant.

10
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2.3.4 Balance of total solids, volatile solids, oxidizable matter (COD) and BMP between

aqueous slurry and particulate fraction

Mass balance calculations were performed on totalss(TS), volatile solids (VS), COD
and BMP using the results obtained from the analgsae on each BW before treatment
and on the fractions ASF and PF obtained afterraéipa.

Parametersi ass andxipr were defined as the proportions of parame(@iS, VS, COD
and methane production) of each respective BW sambpich were transferred into ASF
and PF fractions during the pretreatment operatibhsy were expressed in % w/w and

calculated according to equations (2), (2", (3)),((4) and (4).

mVS,ASF (2) mVS’PF (21)
X = .100 X = .100
VSASE T mys ase + Myspr VP iy ask + Myspr
VeHa,ase 3) Vera,pr (3)
X = - .100 X = : .100
HASE ™ Venaase + Venapr HPE T Vens asr + Venapr
Mcod,ASF 4) Mcod,pF 4"
X = .100 X = .100
COPASE ™ m o ask + CODgog pr PP meogask + Meoapr
Where:
Ms,ASF Mass of total or volatile solids in ASFrigpr gvs)
Ms,PF: Mass of total or volatile solids in PFrémpr gvs)
V cHa,ASF Biomethane production measured on ASF (NL of,)CH
VcHa pF: Biomethane production measured on PF (NL of)CH

Mecod,ASF Mass of COD measured in ASFog)

Mecod,PF: Mass of COD measured in PRofp

11
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3 Results and discussion

3.1 Effects of pressure and L/S ratio on househmdaste (HBW) pretreatment

The effects of the operational conditions were stigated using this BW sample.

From preliminary experiments (not shown), three sétconditions were compared: (i)
20 minutes soaking at a liquid to solid (L/S) raifd g of water per g of HBW dry solids
followed by pressing under 3 bars or (ii) 6 baii§, Z0 minutes soaking at a L/S ratio of

10 followed by pressing under 6 bars (Table 1).

Figure 2 shows the dynamics of extraction of ASierded during the pressing operation
of soaked HBW under the different operational ctods. Time 0 on the graphs showed
the time when pressure was applied. However, sroalimes of solutions dripped out of
the cell by gravity before, and were included ie thonitoring. The curves revealed 3
successive phases which resulted from the two pseseinvolved in the operation. In a
first phase of 10 to 20 seconds correspondingeditination phase, the extracted mass
increased very sharply and linearly. Accordinghe tonventional theory of Ruth et al.
(1933a), which was verified by Vesilind (1994) dndge material, filtration involves the
mobilization of free water under the effect of m@&® and the convective transfer of the
suspended solids smaller than the size of the gaidos in the filter.

A filtration cake consisting of the PF of HBW wéneteby rapidly formed at the surface
of the filter disk by accumulation of the suspendetids larger than the disk openings
(see figure S2). This phenomenon rapidly reducedotrmeability at the surface of the
disk and therefore the rate of ASF extraction skbwiewn over the next 1-2 minutes.

This was the second phase, corresponding to theatayn and consolidation of the filter

12
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cake. Particles in the filter cake were compresseueasing furthermore the resistance
to mass flow. Finally, the last phase of the cunleserved in the following 18-19 minutes
corresponded to the dewatering of the filtratiokecal he extraction rate slowed down
progressively until no significant extraction wasorded, indicating that all free water
had then been removed from PF. At the completioth@fassays (20 min), 69% of the
initial mass of soaked HBW was extracted at 6 basonly 49 % at 3 bars for the ratio
of 5 g water.grs.

Increasing the pressure from 3 to 6 bars at a &fi of 5 guaterg ™ 1s increased the mass
extracted in the filtration phase from about 20%about 35%. of the initial mass (Fig.
2). However, the curves over the last phase (deingtef filter cake) were very similar
at 3 and 6 bars. Increasing the pressure alscaseddogically the TS content of PF from
26 to 41 % of the mass of the fraction (Table 2)csimore aqueous solution was
extracted. TS content of ASF also increased sigindim 7.1 to 9.3 % probably due to
the extraction of dissolved and colloidal compounds

Increasing the L/S ratio from 5 to 1Qu@:g'rs in the soaking operation of HBW
increased furthermore the extraction during theafilon phase under 6 bars from 69% at
L/S of 5 to 88% of the initial mass at L/S of 1ig result was explained by the higher
proportion of water in the initial soaked HBW, whiwas easily extracted in the filtration
phase. TS content in ASF was logically smaller /& &f 10 as compared to L/S of 5
(Table 2). It can be noted that TS contents obtalvexe in the aqueous fraction (from 5
to 9.3 %, Table 2) were lower than reported in Einstudies done on urban biowaste by
other authors where TS contents as high as 18%ov@dre reported (Jank et al. 2015; do
Carmo Precci Lopes et al. 2019; Micolucci et all3t). This parameter however is

strongly modified by the experimental conditionsieh vary from one study to another.

13
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For example, do Carmo Precci Lopes et al. (2018)istl dry press separation with 12

mm openings, whereas Jank et al. (2015) usedsfitéh 8 mm openings.

The mass proportions of each fraction produced tiBkV were calculated by equations
land 1’ (TS) and 2 and 2’ (VS). Results are showrg. 3.

Fig. 3a showed that the major part of the initadlsed waste mass was collected in ASF.
This was logical since this fraction received hé free water present in the initial soaked
waste. Increasing the pressure during the presgamtion allowed to extract more free
water and thereby increased the mass proportigkSéf. Increasing the liquid to solid
ratio in the soaking phase had the same effecthiersame reason. Using a similar
approach as in this study, Jank et al. (2015) tedoalmost 85%ww extraction in the
aqueous fraction with a filtration disk perforatedh 8 mm holes. Similar results were
reported by Novarino and Zanetti (2012) with exedddBW at 8 mm holes. Hansen et
al. (2007) reported lower values with 55% to 64%ertraction using an not-optimized
industrial screw press process.

Figs. 3b and ¢ however showed that the dry maiidal(solids, TS) initially present in
the soaked BW was collected mostly in PF. The aoyanatter (VS) followed the same
pattern as the total solids. Increasing the predsam 3 to 6 bars in the pressing operation
or the L/S ratio in the soaking phase was founthtoease the proportion of the VS
extracted into PF. This result was probably dua &tronger extraction of particulate
organic matter from the soaked waste into ASF leyiticreased amounts of free water

extracted into ASF under these conditions.

3.2 Pretreatment of the four biowaste by soakintDat,.ars* followed by pressing at 6

bars)

14
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3.2.1 Total mass, total solids and volatile solids distribution between aqueous slurry and

particulate fraction

Figure 4 shows the dynamics of the extraction oFA8Bcorded in the operation of

pressing of the four soaked BW investigated.

The curves obtained with all waste samples exhdbétevery sharp slope at the very
beginning of the treatment, corresponding to thet fihase, or filtration phase, discussed
above, and a flat slope in the last phase correipgro the filter cake dewatering
process. The second phase showed however twodliptitterns. With GBW and SBW
samples, phase 2 was almost not observed, wheéreesurred over 1 to 2 minutes with
RBW and HBW samples. This result was attributedliierent characteristics in the
formation and consolidation of the filter cake. GB\\bably generated a more porous
and less compressible filter cake than RBW, SBWHBW, due to is higher contents in
lignocellulosic organic compounds. It was therefgm@bably more rapidly stable,
resulting in a very short phase 2. At the end efttkatment, 76% (GBW) to 90% (SBW)

of the initial mass of soaked waste was colleactiSF.

Figure 5 a, b and ¢ shows the distribution of therall mass, dry mass (TS) and organic
dry mass (VS) of the respective initial soaked wstween the two fractions produced.
TS concentrations in the fractions are given inl@&b

Figure 5 revealed relatively similar results fo\8BHBW and RBW samples. For these
samples, 86 to 92 % of the initial wet mass of sdakaste was collected in ASF, and 39

to 52 % of TS or VS were collected in PF. GBW howreexhibited a distinct behavior,

15
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with more than 90 % of TS or VS collected in PFisTtbservation suggested that the
biochemical composition of the waste played a stnarhe. In a previous article, Moretti

et al. (2020) reported that GBW sample was composégnocellulosic materials at up

to 82% of VS. These biopolymers are very stablealo#trant, and poorly soluble. They
were therefore collected almost quantitativelyhi@ PF. In contrast, the other BW studied
here mostly contained food products, with a higtreportion of less recalcitrant, more
soluble compounds. Part of the TS initially presarthe BW were therefore degraded

and leached during soaking, and therefore smailtgrqutions were collected in PF.
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3.2.2 Distribution of methane potential in the 2 fractions obtained from each biowaste

Table 4 shows the results from the BMP determinatiof the fractions produced from
the pretreatment of each BW. Figure 6 illustrabestime course of methane production

recorded during the BMP assays.

Biogas production from either fraction obtainedhirelBW, RBW and SBW pretreatment
followed first order kinetics. No inhibition was sdrved. Methane productions from ASF
of these 3 BW were found in the same order of ntagei ranging from 408 to 423
NLcha.glvs. These results were relatively close to previopsiglished data. Micolucci
et al. (2015b) obtained a production of 470cM.glvs from the anaerobic digestion of
pressed HBW using a mesophilic digester. Jank.gR@l5) reported slightly smaller
methane potentials of 360 Nk.glvson pressed biowaste using the BMP protocol. The
differences observed may be attributed to the miffeorigins of the waste materials and
the different experimental protocols used.

The kinetic constants determined from the curvebiofas production were also very
close for the 3 biowaste HBW, RBW and SBW, randietyveen 0.35 and 0.40'dThese
observations suggested that the aqueous slurtyoingdrom these BW contained readily
biodegradable compounds in the forms of dissolvesdeaules, colloids and small
particles.

RBW and SBW samples exhibited similar methane bos from their respective PF
and ASF (between 408 and 455 dkglvs), indicating that the soaking operation was
not efficient enough in extracting the readily legdadable constituents from these BW

into the ASF. The corresponding kinetic constam&dver were smaller in PF than in

17
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ASF (0.26 and 0.28tvs. 0.35 and 0.40Y), indicating that the PF fractions contained
more recalcitrant compounds than the correspondiBig.

The efficiency of soaking operation was better wiBW, as shown by the lower BMP
of PF (269 + 21 Ntnsa.glvs) as compared to ASF (416 + 13 §a.g'vs). This result
was attributed to the lignocellulosic contents, efthwas higher in HBW than in RBW
and SBW samples as shown in Table S1, making PBUY less readily biodegradable
than those of RBW and SBW.

Finally, GBW logically exhibited the smallest metiegaproductions from each of its
fractions ASF and PF (160 and 60 &ik.glvs, respectively) as compared to all the other
waste tested. The kinetic constant recorded oRRtsvas the smallest of all, confirming
the recalcitrance of its ligno-cellulosic constitte These observations were explained
by the nature, origin and composition of this BWgJ able S1).

Figure 5d shows the proportion of the volume oftrage produced by ASF and PF from
each BW in the BMP assays, calculated by equaBarsd 3’ (see materials & methods
section). It also shows the distribution of CODwestn each fraction of each waste,

calculated by eq. 4 and 4.

The distributions of COD and methane productiowkeen the two fractions followed
very similar patterns for each BW. The efficiendytbe pretreatment operations in
extracting as much as possible the methane pdtetiae BW materials into ASF was
found to decrease in the following order: SBW (6 24IBW (58%)~RBW (57%) >>

GBW (17%). This result was fairly well correlatemlthe distribution of volatile solids

(VS, see Fig. 5c), and very correlated to the ithgtion of COD (Fig. 5d). Working on a
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396

mixture of HBW and GBW, do Carmo Precci Lopes et(2019) reported a higher

extraction of 82 % of methane potential in aquesiugy.

In our study, the pretreatment operations alloveedSBW, HBW and RBW samples to

concentrate in ASF between half (48%) and more than2/3rds (71%) of COD and

methane productivity. In contrast, with GBW samplee same operations conducted

under the same conditions concentrated strongietparameters in the PF (83-94%).

3.2.3 Composition of aqueous durry fractions (ASF)

Table 5 gathers the results from the chemical aeslyof ASF obtained from the
pretreatment of each BW. It can be seen that theag slurry fractions produced from
HBW, RBW and SBW exhibited very similar chemicahgmositions, except for N-TKN

concentration which was much smaller in ASF fromWABL77 mg/L) than those from

RBW and SBW (around 1000 mg/L). This may be atteduo a higher proportion of
meat products in RBW and SBW samples. The low pB {@ 4.9) and relatively high

VFA concentrations (from 3.3. to 5.1cgp.L, mainly as lactic and acetic acids),
suggested that some reactions of acidogenesis lrestia started within the biowaste
during the collection time and the pretreatmenthelse BW, thereby confirming their
high biodegradability.

The chemical composition of the ASF produced froBWS pretreatment was very
different from that of the ASF obtained from the@&twaste. It confirmed that GBW was

not adapted to anaerobic digestion.

19



397 3.2.4 Energy balance estimation

398

399 The results discussed above showed the possibledaddue of implementing a wet-
400 press pretreatment prior to anaerobic digestiomiofvaste with low lignocellulosic
401 content ( < 40% of VS).

402 Further investigations at a larger scale and com@igary economic considerations
403 appear however necessary to define the optimalitonsl of implementation. Although
404 the nature and scale of the present study arelpch@ adapted to such estimations,
405 efforts were made to propose a simplified evaluatibthe energy balance of the system.
406 Calculations are detailed in Table 6. The potergrsdrgy productions from anaerobic
407 digestion of the agueous slurry fractions werewdated for a unit mas of organic matter
408 (MJkgvs!) by multiplying the BMP valuesNLcha.kglvs) by the heat of combustion of
409 methane (35.9 kJ / L). The energy needed for thepress pretreatment was evaluated
410 in a simplified manner as the work developed tepitbe soaked waste under a constant
411 pressure of 6 bars (6 1Pa) over a volume variatigkV equal to the difference between
412 theinitial and the final volume. In addition, aveoall energy yield of 0.3 was considered
413 between the electrical energy consumed and the WAy developed by the press. The
414 energy consumed for soaking the waste was neglected

415 Table 6 shows that the energy consumed to run gétguess pretreatment was very small
416 as compared to the energy potentially produced naembic digestion (>1%), with
417 exception for GBW, where the recovered amount ofitv®e slurry was very small and
418 poorly degradable. In a first approach, it can ¢fme be considered that the
419 implementation of the pre-treatment is energetycaticeptable.

420
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4 Conclusions

A wet mechanical pretreatment was designed to amgrand facilitate methane
production from biowaste. The treatment consisteskparating a biodegradable aqueous
slurry fraction from a more recalcitrant particelaine. Pressing of soaked waste was
investigated and shown as a good approach accotdintpe experimental results
obtained.

The extraction of the biodegradable organic matterthe aqueous slurry fractions ASF
was found better with the biowaste materials coirtgi relatively little amounts of
lignocellulosic substances. The efficiency of thretgeatment operations in extracting
methane potential of the BW materials into ASF veasd to decrease in the following

order: SBW (67%) > HBW (58%%RBW (57%) >> GBW (17%). The pretreatment

operations were therefore poorly efficient withpest to this criterion for waste material
with high lignocellulosic contents such as Green.EBiergy balance of the system was
highly positive considering energy production frbiragas and energy demand for press-

filtration. Further investigations are in progrésscale up the results.
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Abbreviation List

ASF

BMP

BW

COD

GBW

HBW

L/S

PF

RBW

SBW

TS

VS

Aqueous Slurry Fraction
Biomethane Potential
Biowaste

Chemical Oxygen Demand
Green Biowaste
Household Biowaste
Liquid to Solid ratio
Particulate Fraction
Restaurant Biowaste
Supermarket Biowaste
Total Solid

Volatile Solid
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Figure 2 Time course of ASF extraction during the operatidrpressing of soaked
household BW (HBW) under different operational dtinds: Soaking stage at L/S of 5
guatergrs  followed by pressing at 3 bars or 6 bars; soaktrigS 10 followed by pressing

under 6 bars.
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Figure 4 Time course of ASF extraction during the operabbpressing at 6 bars of the

four BW previously soaked in water for 20 min aSLfatio of 10 gatwergrs. HBW:

Household BW; RBW: Restaurant BW; SBW: SupermaBit GBW: Green BW.
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595 Figure 5 Distribution of Total mass (a), total solids (bplatile solids (c), COD and
596 methane production (d) between ASF and PF prodiroetdthe operation of pressing at
597 6 bars of the 4 BW previously soaked in water fom#in at a L/S ratio of 10ugtergrs ™.
598 Supermarket BW (SBW), Household BW (HBW), Green B®BW) and Restaurant
599 BW (RBW).

600
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Figure 6 Production of methane of ASF and PF after pretreatraf 1 kgsof GBW

(a), HBW (b), SBW (c), RBW (d). Results are averaghkies of BMP triplicate tests.
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613 Table 1Experimental conditions used for the pretreatropetations of the BW samples.

Test BW L/S Ratio Pressure Pressing time
reference  tested (Owater-grs)  (bar) (min)
3bar5L/S HBW 5 3 20
6 bar5L/S HBW 5 6 20

HBW

RBW
6 bar 10 L/S 10 6 20

SBW

GBW

614 HBW: Household BW, RBW: Restaurant BW, SVIBW: Supermarket BW, GBW: Green BW

615
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616 Table 2TS contents of ASF and PF obtained from houseBWd(HBW) pretreatment
617 under different experimental conditions. Results expressed in % of the dry mass of
618 the respective fraction. The results are averalyesand standard deviation of triplicated

619 analyses.

Experimental conditions

Fraction 3 bar5L/S 6 bar 5 L/S 6 bar 10 L/S
Aqueous slurry (ASF)7.1 £ 0.3 9.3+£0.6 50£0.1
Particulate (PF) 26.0+ 3.6 41.0+3.5 32.2+19
620
621
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622

623

624

625

626
627

Table 3TS contents of ASF and PF after the operationredéging at 6 bars of the four
BW previously soaked in water for 20 min at a L&8a of 10 gater.glrs. Results are

expressed in % of the mass of the respective @nacti

Biowaste
Fraction HBW RBW SBW GBW
Aqueous slurry (ASF) 50+0.1 6.0+0.1 6.0+0.10.9+0.1
Particulate (PF) 322+19 39.2+0.8 42.8+2.00.040.6

Supermarket BW (SBW), Household BW (HBW), Green BW (GBW) and Restaurant BW (RBW)
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628
629

630

631

632

633

634

635

Table 4 BMP results (methane productions and kinetic amts) of ASF and PF
produced from the operation of pressing at 6 bathefour BW previously soaked in

water for 20 min at a L/S ratio of 1Q-grs*. Results are average values of triplicated

analyses.
HBW RBW SBW GBW

Aqueous slurry (ASF)

BMP (NLcha.gvs) 416 +13 408 +12 423 +13 160 + 10

k (dh 0.35+0.07 0.40+0.01 0.35+0.04 0.38 +
0.02

Particulate (PF)

BMP (NLcHa.gvs) 269+21  455+18 409 + 28 60 + 6

k (o) 0.32+0.01 0.28+0.09 0.26+0.03 0.14 +
0.03

Supermarket BW (SBW), Household BW (HBW), Green BW (GBW) and Restaurant BW (RBW)

*Calculated as the product of BMP value expressed in NLcHa. g /s by the heating value of methane 35.9 kJ/NL
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636 Table 5 Composition of the aqueous slurry fraction (ASK)duced from the operation

637

638

639
640
641

642
643

of pressing at 6 bars of the four BW previouslyksmhin water for 20 min at a L/S ratio

of 10 guatergrs™. The results are average values of triplicatedyara.

Parameter Unit HBW RBW SBW GBW
pH - 49+01 46+01 49+02 6.3+0.1
N-NH3 mgn L 69+0.2 73+0.7 93+13 16+ 0.1
N-TKN mgn L 177 £21 97727 1012+13 692
COoD goop.kgrs? 1067 +3 1056+3 1056+2 610+1
VFA equivalent gcoo.l” 45+0.6 3.3+04 51+08 0.6x0.1

1

% of COD 8.5 5.3 8.1 9.4
wsC equivalent gcop.L” 10.2+1.2 3.3+0.1 75+08 >0.1

1

% of COD 19.3 5.3 12.0 0.3

COD: Chemical Oxygen Demand; VFA: Volatile Fatty Acids; WSC: Water Soluble Carbohydrates; TKN:

Total Kjeldahl Nitrogen. Supermarket BW (SBW), Household BW (HBW), Green BW (GBW) and Restaurant BW

(RBW)
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644 Table 6 Estimations of the energy balance of the wet prggsretreatment in the process

645 of anaerobic digestion of the 4 biowaste

HBW RBW  SBW GBW

Potential energy production from aqueous slurry

(ASF)
BMP (NLcHa.kgvs) 416 408 423 160
Potential energy production*kg.kg* vs) 14930 14650 15150 5740

Estimated energy demand of wet pressing operation

Wet pressing Pressure (in Pa) 610610 610 610
Volume variation (in L) 0.43 0.45 0.45 0.41
Mass of sample in press (in g vs) 9.3 12.3 12.2 01.2
Energy vyield of electrical press (dimensionless) 30. 03 0.3 0.3
Estimated energy demand for pressikbkgvs) 93.1 72.4 73.9 683

Estimated energy demand for pressing
0.6 0.5 0.5 12
(% of energy produced)

646  *Calculated asthe product of BMP value expressed in NLcHa.g lvs by the heating value of methane 35.9 kJ/NL

647
648
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