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Abstract

Biowaste material is a good candidate for the pctida of energy in urban territories. The presesfagndesirable

or constituents mixed with the biowaste collectgdrunicipalities makes it difficult to recycle orga matter of
sufficient quality for agricultural uses. Methan®guction is particularly attractive for energy egery notably
because this energy vector can be distributed usiaggrid already in place for natural gas in maities.
Depending on the origin and biochemical compositioh biowaste, methane can be produced using
thermochemical (gasification then syngas methanptmr biological processes (anaerobic digestiohe T
objective of this work was to characterize theigbdf biowaste to be used as a feedstock for amedigestion.
Based on considerations such as the quantitiesipeddand the availability, four categories of bistegproduced

in the city of Lyon were identified as potentialykeesources: Garden biowaste (GBW), Restauratiowdste
(RBW), Household biowaste (HBW) and Supermarketsvaste (SMBW). Representative samples were taken
from the sites of production and analyzed for pat@ns including biomethane potential (BMP). Eaaghga was
then fractioned by leaching and the distributiothefBMP between the particulate fraction and #aelily soluble
fraction was assessed. GBW organic matter exhilitgd hemicellulose content (over 81% of VS) anidwa
BMP which was very poorly distributed into its sollel fraction (2 NL.kgs'). RBW, HBW and SMBW showed

a much higher BMP with a strong distribution in gwduble fraction (100 NL.kg™!). Plastic materials were found
to account for up to 40% of the mass of SMBW samfltogether, GBW was identified as non-favoratde f
anaerobic digestion and recommended rather fomibelemical conversion. HBW, RBW and SMBW revealed
adapted to anaerobic. Pulping was shown to be cgipé in order to convert the 3 biowaste mateiiatis a

pumpable slurry with high biomethane potential.

Keywords: Biowaste, food waste, municipal waste, methanageobic digestion, characterization, orientation,

pulping, leaching, conditioning, pretreatment.
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1- Introduction

Despite the growing efforts made at different lewelreduce municipal solid waste (MSW) productimmimize
landfilling and increase resource or energy recpfem waste, (EU Directive 2008/98) the productairiiSW
is either still growing in most European cities aisewhere around the world (Fisgatéetaal, 2016; Bragugliat
al., 2018).

Municipal solid waste (MSW) includes several catégmpof waste which are produced on urban terg&nd
collected by the municipalities. They originatenfrthvouseholds, offices, workshops, markets, etcwBs#tbe is a
specific category of organic waste defined in thest® Framework European Directive (European Ur#608).
Biowaste includes garden and park waste, food mtsdand kitchen waste from households, restaurams
supermarkets, and similar waste from food procggsiants. Depending on their nature and origirsybaste may
contain (i) various proportions of readily biodedmble organic constituents such as simple sugarshs proteins
and lipids, (ii) more recalcitrant biopolymers sushlingo-cellulosic polymers, and (iii) undesimafdaction such

plastic, package and inorganic materials.

Due to their biological origins and specific chdegistics, biowaste materials are alternative resesifor the
production of compost, nutrients, fuels or heate&eve collection of biowaste is therefore devéhgpin several
European cities (Hansen al, 2007; Bernstadt al, 2014; Sidaine and Gass, 2013) to optimize this@ach and
at the same time divert biodegradable organic wiaste landfilling and incineration (IEA Bioenerg2013). In
France, the Energy Transition for Green Growth(A&CV, 2015) has implemented a series of rulegie@ment
with the European Directives. Source-separateeciidin of biowaste and the development of a piggdiwice to
conduct the proper recovery operations will be nadmgy in 2025. Today however, the efficiency of meu
separated collection still remains poor in many m@dand large size cities. The environmental quadit
collected biowaste flows is thereby affected byphesence of several undesirable fractions, inolwtiazardous
domestic waste. Material recovery strategies sscthe production of soil conditioner for agriculilpurposes
therefore appears difficult to implement if a safanner. Energy recovery processes are less dengaindierms

of biowaste quality, and therefore seem more adapteirban biowaste.

Several strategies are potentially available t@vec energy from biowaste. Among them, methane ymioh
appears as the most attractive. Methane gas carrdakiced from all types of biowaste using apprdgria
technologies of conversion. It can be easily seépdrand collected from waste due to its gaseoun #ord low
solubility in water, and it offers several possibleergy outputs. Injection of methane into the aras grid is an
interesting option since dense grids are alreaghldne in most cities for natural gas distributiBrance has set
an objective of the injection of 10% of methanenrfreenewable sources by 2030, and the French Enviatal
Protection Agency (ADEME) is calling for more th&8% of renewable gas in French consumption by 2050
(ADEME, 2018).

Mature technologies are available for methane ptolu from biowaste. Anaerobic digestion (AD) isapted to
humid and readily biodegradable biowaste fractidnsurban areas, AD has been developed mainlyHer t
treatment of residual municipal solid waste (RM3duced from mechanical-biological pre-treatm®hB{)

facilities (JUNIER, 2005). Thermochemical processesmore adapted to more recalcitrant (less biadiedple)



89  biowaste fractions (Vakalis et al., 2017). Gastiima is a promising technology with high energy wersion

90 efficiency even in relatively small units (Watsah al, 2018). This technology allows to convert almost

91 quantitatively biowaste organic constituents ingngas which can have various applications including

92  transformation into biomethama the methanation process (Grimalt-Alemaetal.,2018).

93

94  The present study reports detailed characterizatbhiowaste streams produced in the metropaditaa of Lyon,

95  with regards to their potential use as energy ssutirough their conversion into methane. A methagowas

96  established to assess the ability of biologicahermochemical processes to convert urban bioviatstenethane.

97  The major streams of municipal biowaste were firigtentified based on their quantitative productiand further

98  evaluated with respect to several criteria. A dpefractionation procedure was used to investiglaeedistribution

99  of organic matter and the associated methane aitebétween soluble and particulate phas€bese
100 investigations were meant to provide informatioeded to optimize the overall system of energy regpfrom
101  biowaste of different natures. The objective waddfine adapted pretreatment operations to prepardifferent
102  types of biowaste into two streams, namely i) albgradable aqueous pulp dedicated to anaerobistitigeand
103 ii) a particulate recalcitrant fractisnedicated to gasification followed by syngas me#t@n. The present article

104  focuses on anaerobic digestion issues.

105
106 2- Material and methods
107 2.1-Selection and sampling of relevant biowaste streams

108 The nature of the biowaste streams investigatédampresent study was identified and selectedlialzoration

109  with the technical services of Lyon Metropolitaredr France. Several issues were considered:

110 - Quantitative production of biowaste streams endbnsidered territory;

111 - Availability (dispersion, accessibility) of theaste stream, in particular with respect to thecifficy and
112 costs of its collection;

113 - Territorial specificities, public policies, patil strategies, ongoing projects and other orgdiunal
114 considerations.

115 Based on these considerations, four categoriefoofdste were selected amongst the different bisswstseams
116 identified on the territory:

117 « Garden biowaste (GBW) : Collected from domestichimipal and private sources, amount of 16000 —
118 17000 t/year available on Lyon Metropolitan area,

119 « Biowaste from collective restaurants (RBW): Colieetcatering from private and public sources inoigd
120 schools, amount of 2500 — 6000 t/year availableyan Metropolitan area,

121 « Household kitchen biowaste (HBW): Collected frore fhroduction of food waste of a set 200 faculty
122 members and staff of our Institute, amount of 300@IBG000 t/year available Lyon Metropolitan area,
123 « Food biowaste from supermarkets (SMBW): Collectexnnf an industrial site of depackaging of mixed
124 supermarket food waste, amount of 3000 — 6500rt/geailable on Lyon Metropolitan area.

125

126  Representative samples of about 200 kg of eacheofdur selected categories of biowaste were deliein
127  September 2018 following adapted sampling protoaot®rding to the standard guidelines NF EN 142996.
128
129
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2.2-Biowaste characterization

2.2.1- Particle size distribution
The particle size distribution was determined diyefrom the integral samples collected. To ensargood
uniformity of the material for all the following alyses or assays, each primary sample was shrégiedusing

a BLIK BB350 rotary shear crusher down to a pagtgike below 10 mm, then stored at 4°C.

The analyses were done in triplicates, by sievamhesample under wet conditions through a staskwén sieves

of decreasing openings: 31.5 mm; 20 mm; 10 mm; 4 inmm; 0.5 mm; 0.25 mm.

2.2.2- Fractionation of biowaste constituents lackeng

Each of the shredded samples was analyzed andctérdzad following the approach illustrated in Rigd. The
protocol was designed to (i) separate water-solbloeaste constituents from the solid particleddaching and
(ii) assess the respective contributions of eaattifsn thereby obtained to a series of properties.

A leaching procedure was used to separate thelsodutdl particulate fractions according to standaxtocol
AFNOR NF EN 12457-4 (AFNOR, 2002). The operatiors\parformed in triplicates. For each crushed sample
of biowaste, a mass of 1Qug of integral sample (shredded < 10 mm) was plan&ala flask where de-ionized
water was added to obtain a Liquid to Solid ratits] of 10 mL water per g of dry matter. The flagkere closed
and placed in a tumbler where they were mixed fori¥ flip-flop rotation at 10 rpm and room temgera. The
suspensions were then collected and centrifugB@@Q g for 10 min, followed by 2 successive filivas at 1.20
and 0.45um using respectively glass and cellulose acetliggdi The particulate fractions were dried at @0 °
until constant weight and grounded down to belomr with a Retsch SM 200 cutting mill. Finally, theluble
fractions and the initial integral samples wergexoat 4 °C while the dried particulate fractiolgained after

leaching were freezed and stored at -20°C. Allysea were performed in triplicates.



155

156
157

158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

Analysis

Integral sample
{shredded <10mm)

TS, VS

BMP + BD

Elementary analysis (CHNO) 10:1 water/TS rafio _ Water
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gravels, glass)
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Biochemical analysis: Organic B

fibers (Van't Soest extraction) COD: WSC; VFA

TKN: NH3-N

Figure 1: Flowchart of the experimental methodolégygharacterize biowaste - adapted from Teixeirarfe@et al (2019).
Analyses were perform in triplicate, except for O@i elementary analysis.

2.2.3. Physical and chemical analyses of integriéad samples

The total solid (TS) content and moisture contdf ¢f the integral solid samples were measured bighing
(100 gwv), drying at 105°C for 24 h and weighing again shenples (ISO 11465, 1993). The Volatile Solid (VS)
content was measured by weighing a dried samplex@0burning it at 550°C for 4h and weighing it again
Oxidizable Organic Matter (OOM) content was deterdi according to the standard gravimetric procedure
AFNOR XP U44-164 (AFNOR, 2014). This procedure waHoto oxidize the reactive organic matter using an
aqueous solution of sodium hypochloride. After tiea; the suspension was filtered, the solids ctdié and
dried. They were considered as impurities sucHastips, glass, sand or gravel, etc. Inert mat@i&l and plastic
material (PM) were weighed. Finally, the OOM contesas calculated as the difference: OOM = TS - PIM -
The OOM content was considered as a rough estimafithe biodegradable organic matter content (chujd
Moraiset al, 2008).

2.2.4. Physical and chemical analyses of partiedtaictions
Dried particulate fractions obtained after leachivere analyzed, including TS and VS contents meaisur the
same condition as integral solid samples. COD, [TK&ldahl Nitrogen (TKN), and ammonia nitrogen (dN),

were analyzed in triplicates. Cell wall constitigifbiochemical composition) were analyzed by sugiges
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hydrolysis steps and extraction with different guits, according to the protocol developed by vaesSand Wine
(1967), following the standard NF FD U44-162 (AFNQR16). Analyses were done on aliquots of powdered
dry samples (obtained by grinding down to < 2 maresponding to 2 g of volatile matter. At eachpstine
residual solids were dried and weighed, and th&rcéntents analyzed before the solids were usdteimext
extraction step. Four fractions were obtained, fpifig neutral detergent soluble fraction (SOL)rexted at the
first step by a neutral detergent aqueous soluf@nHemicellulose-like (HEM) extracted with a dauacidic
agueous detergent solution; (3) Cellulose-like (CEextracted with a concentrated 72 % sulfuric amtution;

and (4) lignin-like residual organic matter (RES)igh was not extracted in the procedure.

2.2.5. Physico-chemical analyses of aqueous sokitio
Aqueous solutions were analyzed in triplicatesT™8:, VS, pH, Water Soluble Carbohydrates (WSC), tilela
Fatty Acids (VFA), Chemical Oxygen Demand (COD)iater-soluble fraction, Total Kjeldahl Nitrogen (TNK,

and ammonia nitrogen (NHN).

2.2.6. Biochemical methane potential - Biodegralitsibi

Biomethane potential (BMP) were measured on thegiail waste and the aqueous fraction obtaineddnhiag
(Fig. 1) of each selected biowaste, following thedglines reported by Holligest al. (2016). The assays were
conducted at 35°C in 2 L glass vessels for integaadples and 0.25 L for the water-soluble phasge$éd sludge
from the wastewater treatment plant of La Feysdigen, France was used as an inoculum (TS 2.0-313%%/
1.4-2.2%wt) at an inoculum to substrate VS rati®aj/g. A mineral solution providing essential nerts to
microbial growth and a buffer solution were addethe reactors according to the recommendatiotS@f11734
standard (ISO, 1995). Once filled, reactors wemgead with a N/CO, (80/20% v/v) gas flow for about 2 minutes,
sealed and equilibrated at 35°C. Blanks containinlg the inoculum and the mineral solutions wergtematically
monitored along with each series of assays in dadeorrect the recorded BMP from residual methanoeeluction
of the inoculum.

All tests were performed in triplicates. Biogas guiotion was determined by pressure measuremeng asin
Digitron precision manometer. Biogas was releaskdnithe pressure exceeded 1200 hPa. Gas compas#fon
analysed using an Agilent 3000 micro gas chromamy with thermal conductivity detector (GC-TCD).
Molsieve 5A (14 m length; pore size: 5 A) and PdoaRA (10 m length; 0.320 mm ID) columns were used
stationary phases for GC-TCD, with Argon and Helasrcarrier gases, respectively. The tests weppstbwhen
the daily biogas production was less than 1% ofdke volume of biogas produced.

The anaerobic biodegradability of each fraction salsulated from BMP and COD values as describéaibe

BMP[Lgrp/kgrs] (1)

%) =
BD (%) COD [kg/kgrs] % 0.35

where 0.35 is the theoretical BMP of 1 kg of COD_gidkgcop

Following guideline from Holliger et al. (2016), ddion of the BMP test was not fixed in advancewdeer, in
order to standardize the results, data were stopp&d days ensuring production <1% of the accutadla

volume of methane for all tests. The kinetics oftae production during 60 days of the BMP tests wa



214
215
216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

determined from the net methane production (ifeer aubtracting the blank methane production) ediog to a

first order model (equation 2).
VCH4 ) = Vmax(1 - e_kt) (2)

whereV¢y,is the cumulated volume of methane produced at timethe time,V},,, the maximum volume of

methane produced, aikdthe first order kinetic constant.

2.2.7. Evaluation of the distribution of TKN, CODhch BMP parameters into water-soluble and partieulat
fractions

Results from analyses of aqueous and particulattidns after leaching operation of integral samgkig. 1)
were used to assess the contribution of each pghaseoluble and particulate). Selected charastiesi of the
biowaste samples were calculated using equationg4Band (5) below for BMP, COD and TKN paramster

respectively.

The contribution of the particulate phase to theralt BMP of the integral sample was calculatethadifference
between the BMP of the integral sample and the Rifffhe water-soluble phase (equation 3).
In a similar manner, COD and TKN of the integraingée were calculated as the sum of the water-selaht

particulate contributions (equations 4 and 5, respaly).

BMPp[Lsrp/kgTS;s] = BMPgg[Lsrp/kgTS;s] — BMPys[Lsrp/kgTS;s] 3)
CODs[kg/kgTS;s] = CODyslkg/kgTS;s] + CODplkg/kgTS;s] (4)
TKNislkg/kgTSs] = TKNwslkg/kgTSis] + TKNp[kg/kgTS;s] ()

where subscripP refers to the Particulate fraction, subsctito the Integral sample aniSto the water-soluble

fraction.

2.3- Sampling, analyses and data treatment strategies
Fractionation by leaching was perform twice on eiatégral waste. Depending of TS content, firsti@ation
was perform with 100 to 300ig biowastedNd second fractionation with 450 to 150& gowaste Sample were taken

from integral biowaste using quartering methodrisuge homogeneity.

Physical and chemical analyses (TS/VS, COD, BMAKW, Ligno-cellulose matter) were achieved in ticpke,
except for elemental analyses and OOM measurenetsed on a large quantity of samples (200 @)

representative of the biowaste selected. For ezstlits, the mean value and standard deviatioraratpresented.

3-Results and discussion
3.1-Physical and chemical analyses of integral biowaste
Figure 2 showed that all samples exhibited a radfti wide particle size distribution. RestauranRB(),
Household (HBW) and Supermarkets (SMBW) biowasteated a similar profile of distribution, with aau
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predominance of particles below 0.5 mm (27 to 36%S) and above 10mm (54 to 63% of the total).dntcast,
Garden waste GBW revealed a small proportion diigdas below 0.5 mm (10% of TS). This was probatile
to the relative predominance of bigger particledigriocellulosic materials. The strong dispersidrite size

distribution is SMBW may be explained by the preseaf packaging material in the integral biowastale.

GBW RBW
40% 40% 6%
35% %
6
30%
o Zf" - 30%
25%
25%
) 20%  19%
R 20% 20%
= 15%
15% =

% 13%
15% To 1T%
10% 10% 6%
o
5% Tv SI/D T’ 4;" 5% 3% -
0%

0%

<0.25 025 05 1 4 10 20 >315 <0.5 1 4 10 20 315
Particle size (mm) Particle size (mm)
HBW SMBW
40% 40%
35% 35%
30%
%
30% 7% 27% I = 30% 29%
25% 25%
X 20% 20% 17%
X e
15% 15% 13%
1Q%
10% 10%
4% 6% 66 5p6
5% 5%
0% 0%
<0.5 1 4 10 20 315 <0.5 1 4 10 20 315

Particle size (mm) Particle size (mm)

Figure 2: Particle size distribution on the fourlseted biowaste. Data expressed on a TS basis. GRMien biowaste;
RBW: Restaurants biowaste; HBW: Household biows2t#BW Supermarkets biowaste. Result are averagesalu
triplicated assays. Vertical bars show standard dgéwons.

The proportions of OOM, IM and PM in the TS of eaelmple are illustrated in Figure 3. TS and VS eotr@tion

are presented in Table 1. Garden waste (GBW) exdilzi moisture content of 33%, almost 2-fold lower than
that of the other samples. Its VS content (72%T&9 also lower than measured in the other samplese(than
90% MS). Figure 3 showed that GWB contained bytli@r highest contents in inert materials with 30.7T%
whereas the proportions of inert materials werauaalo3% TS in households biowaste HBW and superrharke
biowaste SMBW and close to 5% TS in restaurant@diste. These observations suggested the presesaadf

or gravel particles in GWB, which probably explaingme specific profile of particle size distributigFig. 2)
discussed above.

Results of OOM analyses were in good agreement téhmeasured VS contents except for SMBW. This was

attributed to the presence in SMBW of 3R%ynthetic plastic-type organic materials from @agikg. Food waste



269  collected from restaurants, households and sup&etsawere more acidic (pH around 4.5) than gardastev(pH
270 7.4), probably due to the acidogenic microbial atiohs of their readily biodegradable constitueuntinly the
271  collection operations as already reported by Ztetra) (2014), and Fisgativet al (2016).

272

Biowaste from collective

Garden Biowaste (GBW) restaurants (RBW)

4,9% ;
30,7% L%
71,7% 0,0%
94,0%
oM EPM 0OOOM
Household kitchen Biowaste Food biowaste from supermarkets
(HBW) (SMBW)
0,
3,1% _0,0% 285%
59,18%
90,8%
273 Figure 3: Impurity contents in the four selectedvsaste (expressed on a TS basis): inorganic inaterials (IM), plastic
274 materials (PM), and non-synthetic oxidizable orgamiatter (OOM).

275
276  The biochemical compositions (cell wall constiti@rand the elemental contents of the different $asnare

277  presented in Table 1. The results confirmed theiBpeomposition of garden biowaste GWB, whoseiliglike
278  (27.2%s) and cellulose (44%) contents revealed clearly the lignocellulosicunatof the waste materials. In
279  contrast, household biowaste HBW contained nea3h68 of "soluble" organic matter and almost no ligno-
280  cellulosic compounds. HBW and Supermarket biow&Nd-W revealed relatively similar biochemical prefil
281  with a predominant fraction of "soluble” organicngmounds, between 20 and 3@%®f hemicellulosic and

282  cellulosic fractions, and below 10% of residual stitnents (lignin-like).



283 C, H, and N contents were found to be relativetyilsir in all the selected biowaste samples, duééoccommon
284  nature of their organic constituents. C / O and\ratios were however different in the samplesVG&xhibited
285 the highest C/ O and C/ N ratios. The high ligtemtent in GBW probably explained the relativelwlO content
286  and high C/O ratio as compared to the other sampleite the low N content and high C/N was attrémito the
287  low protein content.

288

289

290

291 Table 1: Total Solid, Volatile Solid, Elemental abidchemical analysis of the organic matter presante four biowaste
292 from the collection campaign. GBW: Garden biowaf®8W: Restaurants biowaste; HBW: Household biowaSBW
293  Supermarkets biowaste. Result are average valuplicated analyses.

Biowaste TS VS C H (@] N  Soluble Hemicelluloses Cellulose Residues

(%owm) (%T1s) (Y%ts) (%T1s) (%1s) (%rs) (Y%vs) (Yovs) (%ovs) (Yovs)

66.2 71.7 18.6 10.3 44.0 27.2

GBW +0.5 +3.5 40.3 4.7 16.6 13 +4.8 +6.4 +1.7 +0.1
25.6 95.0 82.7 4.0 12.6 0.7

RBW +2.4 +0.1 52.6 7.3 29.4 4.0 +0.1 +0.3 +0.3 +0.04
19.1 90.8 57.5 11.6 21.0 9.9

HBW +0.94 0.1 47.2 6.2 33.6 21 +0.4 +1.4 +1.0 +0.01
SMBW* 30.8 94.2 50.9 70 299 41 74.6 7.4 111 6.9

+2.2 +0.1 +0.6 +0.9 +0.8 +0.5

294  * Analyses were done on the SMBW sample after etitra of the packages fraction,

295

296 3.2-BMP and bhiodegradability of the integral biowaste

297  Table 2 shows BMP values and kinetic constant @sared during the course of the incubations oirttegral

298  biowaste samples at 35°C. For each biowaste samptajlated methane production curve over the timg wsed
299 to determine BMP at the end of the incubation mk(gee supplementary data). The k constant wascdddu
300 considering equation (2).

301 As already observed for the other parameters aedligefore, the garden biowaste GBW exhibited véfgrént
302 results as compared to the other three sampleBME (36NLcwa.kg's) was found to be ten-fold smaller than for
303 the other biowaste samples. This observation aoefir the poor biodegradability of GBW sample studiece.
304 At the season when the sample was collected (fgdljden waste contains predominantly recalcitrangol
305 cellulosic constituents as discussed above (TgbleBW and SMBW exhibited very similar BMP, 397 a4t/
306  NLcukghrs respectively. The BMP measured for HBW was ab@3 3maller (260 Ntwa.glrs). This difference
307  was attributed to the lower soluble fraction meadun HBW (57.5% of the VS content, see Table 8gampared
308 to RBW and SMBW. This observation was attributeth®presence of waste materials other than biewashe
309 HBW due to the fact that source selection by theskbolds was probably not perfectly specific. SMRIsb
310 contained undesirable materials (packages) bu¢ tivese removed from the sample before the BMP assaie

311 done.

312

313 Table 2 : Methane potentials ané drder kinetic constants of its production from thar selected biowaste,
314 calculated from the curves shown in FigGBW: Garden biowaste; RBW: Restaurants biowaste; HB@sehold
315 biowaste; SMBW Supermarkets biowaste. Result amrageealues of triplicated assays.
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316
317
318
319
320
321

322
323

324
325
326
327
328
329
330
331
332

333
334
335

336
337

338
339
340

Analyses GBW RBW HBW SMBW*

BMP (NLcha.kg'rs) 36.2+7.3 385.5+8.9 258.2+139 4174111
k (dh) 0.137 £0.020 0.209 £0.004 0.275+0.005 0.269 +£0.001

* SMBW sample was treated before the test to remmoanually all materials other than bio waste (pgek).

The kinetic constank ranged from 0.14 -tfor GBW to 0.27 d for SMBW (Table 4), confirming the poor
biodegradability of GBW. RBW, HBW and SMBW showedthkinetics of biomethane production, with almost
90% of methane being produced in less than 10 dagmnic matter from these biowaste samples werefire

easily available for anaerobic digestion.

3.3-Fractionation of biowaste constituents by leachimgvater

Table 3 shows the composition of the aqueous soisitbbtained after 2 hours of leaching of the beievaamples.
Leachates were successively filtered at 1,20 pnDadfel um before analyses. Biowaste samples frotauests
(RBW), households (HBW) or supermarkets (SMBW)padiduced leachates with a low pH (< 5) and a higfbC
unlike garden biowaste GBW whose leachates wergalenith a low COD. RBW, HBW and SMBW contained
food waste materials that were readily biodegraglalslshown by the BMP results discussed aboveadidéy

of the leachates was therefore explained by a jptelscidogenic evolution of the biowaste materialsng the
collection process. The presence of free sugarsQ¥/See Table 3) in these waste, which can be lyapid
metabolized into volatile fatty acids (VFAs), angethigh VFAs concentrations measured in the leashat
confirmed this assumption.

Table 3: Composition of the leachates obtained &fteof leaching of the 4 integral waste for 2h withter ata L / S of 10,
room temperature, mixing at 10 rpom. GBW: Gardemliste; RBW: Restaurants biowaste; HBW: Household dstey
SMBW Supermarkets biowaste. Result are averagesvafudplicated assays.

Parameter GBW RBW HBW SMBW
pH 76+0.2 45+0.1 47+0.1 44+0.1
Nitrogen
N-NHs (mg.L?) <DL 1012 791 98+1
N-TKN (mg.L?) 51+0.7 1157 +13.8 240+6.5 1165+15.4
Water-soluble organic matter
COD. (g.L}) — total COD in solution 25+0.1 34317 36.5.8 345+1.7
VFA (equivalent gop.L™) 0.02 3.76 7.44 6.50

(% of COD) 0.9 11.0 20.4 18.8
WSC(equivalent gop.L™?) 0.2 0.1 2.5 1.2

(% of COD) 55 0.3 6.8 3.6
Anaerobic biodegradation
BMP (NLCH4.kgc0D'1) 268 +5 260 + 3 243 +11 312 +15
BMP (NLcHaL?) 1.20+0.01 9.20+0.11 9.40+0.42 10.80 £ 0.52
k (dh 0.270£0.012 0.285+0.018 0.399 +0.158 0.360 +0.017
BD (%) 17+0.3 77+0.9 74 +3.3 89+3.1

Water Soluble Carbohydrates (WSC), Volatile Fattyds (VFA), Chemical Oxygen Demand (COD), Total Iighl Nitrogen (TKN), and
ammonia nitrogen (N-Ng. < DL: below the detection limit.

Regarding the 4 biowaste, ammonia nitrogen reptedemvery low fraction of the total nitrogen cantéTKN)
in the leachates. The leachates from RBW and SMB@ved the highest N-NTK concentrations with around
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341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368

1200 mg of dissolved nitrogen per litre of solutidrhe leachate from GBW exhibited much lower N-TKN
concentrations (51 mgd), indicating that as expected GBW contained masb proteins than the other samples.
The methane potentials BMP of the leachates frostameants (RBW), households (HBW) and supermarkets
(SMBW) were in the same order of magnitude, aralM@L of methane per L of leachate, confirmed thalar
composition of these 3 categories of food biowaste leachate from GBW showed a BMP 10-fold smaller
confirmed the results discussed above. Biodegrityathiiring BMP test (BD) was very high for SMBW thi of
89% biodegradation. SMBW produce high digestibéekate. BD were lower for RBW and HBW with 77% and
74 % respectively, meaning that leachate compaareriess digestible for these biowaste. Accordinigis BMP
value, GBW showed only 17% of BD after BMP test.

3.4-Distribution of the key characteristics of the baste between soluble and particulate compartments

The distribution of nitrogen, COD, methane potdnizMP) and anaerobic biodegradability between sbkd
(particulate) and the water-soluble (leachate)tiibas is illustrated in Figure 4 a, b and c. Theneucal values

of the parameters are gathered in Table 4. CODBE are expressed with respect to the TS contetteof
particulate and water-soluble fractions obtaineddaching of the different samples, or the TS cointd the
respective integral samples.

As already observed from the previous analyses, Glt&red here from the other three samples byrg kiggh
particulate over soluble COD ratio of 39 gCRP/gCODyubie Whereas the ratios in the other samples were more
than ten-fold smaller (3.0 to 3.3 gCQR /gCODsubie). A small proportion (5%) of total COD was solligsd

by leaching of GBW as compared to 23% for RBW, HBd SMBW.

The distribution of the BMP between particulate avater-soluble (leachate) phase was also veryrdiftein
GBW with a BMP S/L ratio of 17 whereas the ratiogad between 2 and 3 for the other samples. GBW/ als
showed by far the lowest BMP values both for thednal sample (3@iLci.kg's ) and the solid fraction (34
NLcna-kg'rs) Which were 5 to 10 times lower than observed withother biowaste.

Nitrogen distribution show more than 30% of totétagen in soluble phase (< 0.45 um filtration) RBW and
SMBW. GBW and HBW have a poor nitrogen soluble ghaih respectively 5% and 14 % of total distributi

12
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Figure 4: Distribution of Nitrogen (a), COD (b), al®MP (c) between water soluble and particular fraci@btained by
leaching Garden biowaste (GBW), Restaurant biowgBV), Household biowaste (HBW) and Supermarketdste
(SMBW). Result are average values of triplicateshgs.

Table 4: COD concentration, BMP value and anaerdbadegradability of the four selected biowaste WGB5arden
biowaste; RBW: Restaurants biowaste; HBW: Housebinidaste; SMBW Supermarkets biowaste. Result aragser
values of triplicated assays.

GBW RBW HBW SMBW
Integral sample
COD g.kg'rs 1035+9 1477 + 44 1506 + 27 1372+ 32
BMP NLcha.kgrs 3617 385+9 258 + 14 417 £11
BD % 10+£0.1 75+2.2 49+0.9 87+2.0
N-TKN gN.kglvs 15.6+0.3 35.8+0.6 19.2+0.3 39.4+1.0
Water-soluble phase
COD g.kglrs 25+1 3432 365+2 345+2
BMP NLcra.kgirs 1+0.1 92+1 94 +4 108 +5
BD % 17+£0.3 77+0.9 74 +£3.3 89+3.1
N-TKN gN.kglvs 0.7 £0.01 12.2+0.14 2.6+0.07 12.4 +£0.16

Particulate phase*
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378

379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413

COD g.kg'rs 1010+ 9 1135+ 34 1142 + 21 1027 + 24

BMP NLcha.kgrs 34+7 293 +8 166 +1 309 +8
BD % 8+1.6 77+2.0 50+0.3 88+ 2.3
N-TKN gN.kglvs 149+0.2 23.7+04 16.6 £0.3 27.0+0.7
*calculated with equation (3)
36.2+7.3 385.5+8.9 258.2 +13.9 4174 +11.1

4- Conclusion
This study was conducted as a contribution to agvahd implement a general strategy to recoverggrieom
biowaste streams in urban territories. More speify, the objective was to develop an integratethagement
pattern of the available biowaste resources inrotdgroduce methane efficiently with adapted cosion
technologies. The idea was to estimate the fedagibil pretreatment operations that would convieet variety of
solid biowaste materials into (i) one aqueous gldeedstock concentrating the most readily biodaaite
constituents dedicated to anaerobic digestion, @hdne particulate, dryer and more recalcitrardcfion
dedicated to gasification followed by methanation.
Four biowaste streams were identified as the mtshcive resources, namely Garden biowaste (GBW),
Restauration biowaste (RBW), Household biowasteMlliBnd Supermarkets biowaste (SMBW). The selected
biowaste were sampled from the urban territory yni, France, analyzed for a series parametergereist, and
fractionated by leaching into the desired 2 typiefe@dstocks (particulate and soluble fractions).
Results showed that garden waste GWB was inapjgtedar anaerobic digestion as a whole, and alssuitable
either to produce an aqueous slurry that coulddsad by AD. The water-soluble fraction was low #rerefore
the bioavailability of readily biodegradable orgasiubstrates was poor. The hydrolysis of partieutaganic
matter (POM) would therefore probably be limitinigpétically the anaerobic digestion process. In toidj the
BMP of the particulate fraction was also very lamdicating that the POM contained recalcitrant podys as
confirmed by the biochemical analyses which showeéry high proportion of lignocellulosic compoun@sie
to these characteristics, it was concluded that G&\auld be dedicated to gasification rather thasessbic
digestion.
In contrast, RBW, HBW and SMBW were identified amd candidates for pretreatment operations to abnve
them into an aqueous slurry, with good charactesidor AD, and a particulate fraction with veryffdrent
characteristics that would be adapted to gasiticatiBW and RBW exhibited high availability of orga matter.
BMP and COD concentration observed was high iratcfraction indicate high easily water-solublenponent.
Supermarkets biowaste (SMBW) differed from the othese biowaste samples by the presence of né@#ky of
plastics from packaging. These undesirable maseshbuld be removed from the biowaste materialr goo
biological treatment. However, this operation wonkkd the implementation of adapted separatiomigabs
due to the wide distribution of particle sizes #mel variety of nature and composition of the undddé particles.
Despite this unfavorable characteristic, the BMEhefbiowaste material (separated manually in thegnt study
from the plastic materials) was around 450 NL&k'rs, which was close to that obtained for RBW, witgrhi
methane production kinetics. Similar to HBW, SMBWbwd require pretreatment operations to separate
undesirable fractions, mainly packaging plasticg] axtract the biodegradable organic matter inrenfof an

aqueous pulp dedicated to the anaerobic digestion.
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414  Based on the encouraging results, the precise tonsliof the pretreatment operations needed torgené@
415 feedstock is under investigation in our group.
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