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Wine Qprocesses generate large amount of both winery wastewater and solid

Abstract

wastes. Burthermore, working periods, volumes and pollution loads greatly vary over the year.
Therefore, it is recommended to develop a low cost treatment technology for the treatment of
winery effluents taking into account the variation of the organic loading rate (OLR).
Accordingly, we have investigated the sequential operation of an anaerobic biofilm reactor
treating winery effluents and using grape stalks as biofilm carrier with an OLR ranging from

0.65 to 27 gcon/L/d. The result showed that, during the start-up with wastewater influent, the
1
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COD removal rate ranged from 83 to 93% and was about 91% at the end of the start-up period
that lasted for 40 days. After three months of inactivity period of the reactor (no influent
feeding), we have succeeded in restarting-up the reactor in only 15 days with a COD removal
of 82 % and a low concentration of volatile fatty acids (1 g/L), which confirms the robustness
of the reactor. As a consequence, Grape stalks can be used as an efficient carrier support,
allowing a fast reactor start-up while the biofilm conserves its activity during a nan,feeding

period. The proposed hybrid reactor thus permits to treat both winery efﬂue 0 d grape

Keywords 6
anaerobic digestion; biofilm reactor; grape stalks; start-u ffluent.
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Introduction

Viticulture and winery industry are two important economic activities in Mediterranean areas
and their importance is in growing increase in other parts of the world. [1,2] Consequently,
vineyard is considered as one of the largest consumer of both water and agrochemicals such
as chemical fertilizer, and wineries also consume large quantities of water and energy.
Furthermore, increased production in these two sectors has been always coupled Many
economic and environmental problems due to the generation of large amm’ 0 ewater
and solid waste often discarded with little or no treatment due to the hi eatent costs. The
discharge of these wastes in the environment causes many problerfls er bodies, such as
eutrophication and other adverse environmental effects such@alinization and sodicity,

contamination of groundwater, waterlogging and an E@. [3] Moreover, increase of

production in wineries is related to an increas arbon footprint and their operating
expenses due to the use of fossil fuel as s energy. Thus, wineries had to focus on
improving energy efficiency, water u wastewater management by developing a low cost

sustainable technology for the tr@t and recycling of their wastes.

Winery wastewater prod @ is inevitable, achieving values from 3000 to 5000 L/ton of
grapes crushed @in essentially from product loss and many different cleaning
operations, iagular characteristics depending on process activities. [5] In general, a
typic Qery wastewater presents a pH between 3 and 4, a chemical oxygen demand
(COD) feom 0.5 to 45 gO2/L and total suspended solids (TSS) from 0.012 to 7.3 g/L, while
biological oxygen demand (BODSY) is about 0.4-0.9 of the COD value. [5,6] The high
biodegradability of winery wastewater often justifies the choice of conventional biological
treatments. [7,8] Among all the available biological treatment technologies, anaerobic

digestion (AD) is one of the most adequate one for the treatment of wastewater having high

organic carbon concentration such as winery effluents, because it allows the agronomic and

3
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energetic recycling of organic wastes. In fact, during the AD processes, biodegradable organic
matters are converted into biogas that can be used as a clean renewable energy instead of
fossil fuels, while the non-biodegradable organic fraction remains in the digestate which is
rich in nutrients and can be used as a biofertilizer in place of chemical fertilizer.

Many configurations of AD have been developed for the treatment of both wastewater and
solid waste, among which, anaerobic fixed bed reactor offers an interesting advantagg for the
treatment of wastewater with high concentration of readily biodegradablg C Xigh
organic loads [8-11] In this system, microorganisms grow on the surfac t&i with a

high void ratio to form an active biofilm. However, the high pla et costs makes the
%y industries.

implementation of such reactor on-site very expensive for the s @

Furthermore, the seasonal nature of winery industn@s specific problems for the
treatment processes in terms of wastewater vo @)mposmon [12-14] Consequently,
the treatment system must be versatile to h the high organic loading for relatively
short periods during harvesting and, e, and the stream fluctuation. Furthermore, an
appropriate treatment syste ha 1eve successions of start-up and shut-down operations,

including periods of inact

Different natural @ma solid materials can be used as biofilm carriers. Commercial

carrier supp are usually made of polyethylene, polypropylene or polyurethane, are

natural carriers are essentially inorganic such as sand, gravel, pumice stone,
porous glass beads and zeolite. [16] The efficiency of lignocellulosic materials to be used as
biofilm carrier has not been well studied. [17,18] Accordingly, in the present study, we
propose to develop a new anaerobic biofilm reactor operated sequentially and using grape
stalk (GS) as a carrier support displace to plastic support in order to reduce treatment costs

and to response to the seasonal nature of winery industries. In fact, GS are the skeleton of the

grape bunch and consist in lignified tissues. [19] The inherent recalcitrance of these

4
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lignocellulosic biomasses towards enzymatic and microbial deconstruction makes their use as
carrier support possible. Furthermore, the accumulation of these biomass residues in industrial
plants, besides occupying space, usually attracts insects and rodents. [20] Thus, the upgrading
of this by-product through using them as support carrier can entail economic and

environmental improvements for the industry.

The aims of this study was to investigate the efficiency of using GS as biofilm carr%the

and the

development of biofilm in anaerobic fixed bed reactor during both the start?l
restart-up after a long period of inactivity. The final goal is to pro ybrid reactor
permitting to treating both winery effluents and grape stalks.£Thi rid reactor is a

combination of fixed bed reactor for the treatment of the effluenfdand solid digester for the

treatment of solid waste. This treatment (liquid-solid)S¢oul® be made simultaneously or

sequentially. %

Materials and Methods

Experimental set-up \@
The anaerobic fixed @Q used in this study is a PVC column with an internal diameter

of 0.20 m and a fieig 0.56 m. [10] The total and working volumes of the reactor were 16.7
L an 14.8@spectively. The reactor was operated under mesophilic condition with a
temperatfire of 35 °C. The reactor was packed with about 1 kg of GS used as a carrier support
for biomass immobilization and retention. The physico-chemical characteristics of GS used in
this study are given in Tablel. The feed wastewater was pumped into the bottom of the
reactor by means of a peristaltic pump. The reactor liquid was homogenized with immersed
pump at the rate of 66 L/min. The effluent was discharged at the top through a U-tube for

separation of gas. pH was measured in the liquid outlet with a Mettler Toledo 1100 Calimatic
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pH meter, regulated at 6.8 by automatic NaOH addition. Biogas produced passed through a
moisture trap and then to a milligas counter fitted with a 4-20 mA output (MGC-1 gas flow

meters, Ritter).

[Table 1 near here]

Influent preparation and reactor inoculation

A synthetic winery wastewater was daily prepared by diluting red wine tg ob XGnt
COD ranging from 0.5 to 24 g/L.. The feed was supplemented with m@\[ btain a

COD/N/P ratio of 400/7/1.[21, 22]

The sludge was sampled in a large-scale anaerobic reactor@':distillery vinasse. The

reactor was inoculated with 1 gram of volatile solid p@g lite®y(gvs/L) of this sludge with a

specific COD removal rate of 0.64 gcobremove s%red using ethanol as a substrate.

[23] The protocol used is based on the esson et al. showing the competition
between planktonic and fixed mij rganisms. [9] The efficiency of this start-up
strategy has been demonstrate bed reactors. [24]

Reactor operation @
The reactorg@ated sequentially during 146 days in three phases to investigate its

effici tarted up rapidly and restarted after a non-feeding period. During the first 40
days, aftgr the inoculation phase, the reactor was fed continuously, starting at a low OLR of
0.65 gcon/L.d and a short hydraulic retention time (HRT) of 18 h to wash out the planktonic
micro-organisms and thus favour biofilm formation. [9] When 80% of COD removal was
reached, OLR was daily increased by 15% till an OLR of 24 gcop/L.d at the same HRT (18h).

[25] This maximal OLR has been maintained for 5 days to investigate the reactor stability. At

the end of these 40 days, the reactor feeding was stopped for three months. After this period
6
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of inactivity, the reactor was fed again at an initial OLR of 2 gcop/L.d. OLR was increased

daily by 15% till reaching the OLR of 27 gcon/L.d within a period of 15 days.

Physico-chemical analyses

Total suspended solids (TSS), volatile suspended solids (VSS) and Chemical Oxygen
Demand (COD) were analysed according to Standard Methods for examination of &and
wastewater (APHA, 1992). [26] VFA were measured with a flame ionize&' or gas
chromatograph Varion 3900. The column was a semi capillary IQXFAP. The

temperature of the oven was programmed to rise from 80 °C to 1 an increment of

10 °C.min-1. The biogas composition was analysed by gas @tography (Shimadzu GC
8A) equipped with a CTRI Alltech column. Detection was performed with a thermal
conductivity detector. The measurement of @

H4 was allowed by an internal

calibration. Argon was used as the carrier ga:

Results and discussion \@

The anaerobic biofil eating winery effluent and using GS as a carrier support was

operated over 1 ided into three phases; two phases of start-up separated by a phase

of three mofiths af 1nactivity (no reactor feeding)

Start-up\period

The objective of the first phase was to investigate the possibility of using GS as a biofilm
carrier in anaerobic biofilm reactors. This was done by studying the efficiency of the reactor
to be started up in a short period. Fig. 1 presents the OLR and the associated COD removal

rate throughout this period. According to the start-up strategy, the carbon removal rate must
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reach 80% before increasing the OLR after the inoculation step. [9] Thus the reactor was
operated initially during the first week at a low OLR of 0.6 gcop/L.d until reaching a removal
efficiency of about 82 %. This period of one week, considered as the acclimation phase, was
quite rapid and related to the type of wastewater treated (ethanol, which is readily
biodegradable, and the primary constituent of winery wastewater). [8] From the 7" day and
over the next 24 days, the OLR was increased progressively by 15% daily. Durmg is start-
up period, the COD removal increased from 82% to 93% in two weeks. Tl@n i

of 7 to 24 gcon/L.d, the COD removal remained almost constant at about end of
the start-up period, the OLR was kept constant (24 gcop/L.d) for ring which the
COD removal remained constant, which indicated a stability Q@tor. During the start-
up period, the COD from mineralization of grape stalk Q nsidered as negligible due
to their low biodegradability and the high O% ration of the synthetic winery
wastewater.

¢ 1 near here]

In order to understand the hy& d the methanogenic activities of the biofilm during the
start-up, the VFA conce o s were determined daily. Fig.2 presents the variation of VFA
concentrations t the” start-up period: VFA accumulation can be divided in three
The

steps. of one week is attributed to the acclimation phase during which

of the inoculum started to use the ethanol from the influent as a substrate.
is phase, the VFA concentration which was initially at about 0.43 g/L started to
decrease to reach 0.08 g/L on day 8. The decrease of the VFA concentration can be associated
to the increase of the COD removal efficiency. From day 8 and till day 24, corresponding to
an increase of the OLR from 0.65 to 3 gcon/L.d, the VFA concentration was less than 0.2 g/L
and acetic acid was the main VFA produced. Such a low level explains the high COD removal

efficiency of about 94%. From day 25 and till the end of the start-up period, VFA
8
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concentration increased from 0.2 to 0.6 g/ when the OLR was increased from 3.5 to 24.75
gcop/L.d. During these 12 days the COD removal efficiency decreased slightly from 94% to
91% and we have noted a low accumulation of propionic acid in the effluent while the acetic
acid remained the main VFA. Thus, the fast increase of the OLR did not disturb the
methanogenic activity of the biofilm which remained metabolically stable over the whole

start-up period and ensured a high COD removal efficiency. \

*

[Figure 2 near here] K\

In comparison to previous studies investigating the start-up phase of upaflowflanaerobic fixed-
bed reactors using plastic carriers [8,10], the acclimation phaé er when using GS as

carrier support in addition to the higher removal efﬁcienQ

Habouzit et al. [10] have used the same start-u s@ r the comparison of 4 different
betw

er start-up period. In fact,

plastic carriers, and the start-up periods w een 22 and 55 days. In comparison

to their results, the performances obtained uSing GS were higher than polyethylene (PE)
carriers and close to the most effici orts investigated (polypropylene and polyvinyl

chloride).This indicated that& n be used as an efficient carrier support in anaerobic

fixed bed reactor as alte @ o plastic supports.

Inactivity perimO@

In or Qte extreme seasonal variations in wine production, the reactor feeding with
influentWas stopped at the end of the first start-up period for three months. During the non-
feeding period, the biogas produced by the reactor was very low with only12 mL /g vs. The
low biogas production corresponds to a low biodegradation of GS and could be explained by
the high content of lignin in grape stalk that increase the longevity of the support in the
reactor. Furthermore, GS has a low methanogenic potential with a BMP less than 100 mL / g

vs. [27]
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Restart-up period

After this period of inactivity, the reactor was fed again with influent and started-up faster
than during the first phase. In fact, the reactor was started up with an initial OLR of 2
gcon/L.d (1.6 gcon/L) which is three time higher than the OLR used to feed the reactor during
the first phase. In addition, the OLR was increased faster till reaching 27 gcop/L.d. Fig. 3
presents the OLR and the COD removal rate throughout the restart-up period. Ac%g to
this figure, the reactor presented a high COD removal efficiency of 93% th’ of the
restart-up without any phase for acclimation. This indicates that thegBio was already
acclimated to the influent and has conserved its activity even aftefa Qding period of 3
months. This could be due to the biochemical characi@ of the GS which are

biodegradable supports and could be used as a slow@egradable carbon source for

microorganisms. In fact, during the first start-upiofithe .@ tor, GS was used as carrier support

for the development of the biofilm and as a source of carbon for the microorganisms
after ethanol, which was the main s f carbon. When the reactor feeding was stopped,
GS remained as the only spur arbon for the biofilm to maintain its hydrolytic and
methanogenic activities. ion to the fast start-up, the reactor maintained a high COD
removal efficiency the tirst 9 days despite a daily increase of the OLR by 30% (which
is twice the ratefusedfduring the first start-up). In fact, when increasing the OLR from 12.7 to

27 g /L.@COD removal slightly decreased from 88% to 77%. Compared to the first

start-upgphase, this could be attributed to the higher increase of OLR rate (30% vs. 15%).

[Figure 3 near here]

At the end of the restart-up period, the OLR was kept constant (27 gcon/L.d) for 4 days.
During this stable phase, the COD removal efficiency increased from 77% to 82%, which

indicated reactor stability.

10
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Fig.4 presents the variation of VFA concentration throughout the restart-up period. During the
three months of non-feeding period, there was no accumulation of the VFA. During the
restart-up, VFA concentration increased according to the OLR. During the first 4 days, VFA
were lower than 0.2 g/L which illustrates the absence of acclimation phase. In fact, during the

first start up, the microorganisms in the biofilm had to acclimate to use ethanol as the main

substrate and GS as a second substrate. Thus, even when we stopped feeding the reactor with

the influent for three months, the biofilm conserved its metabolic activity tg deg nol

and to produce methane. However, during the restart-up, VFA accumulate as& a

the first start-up. Actually, VFA concentration increased from 0.2 t 1@ at day 10. This

fast VFA accumulation caused a sharp decrease in COD ren%}%
e

the very strong increase of the OLR in only 10 days. l@, t the end of the restart-up

phase, when the OLR was maintained constant %

decreased from 1.4 to 1 g/L, confirmi ¢ stability of the whole anaerobic digestion

ency and was due to
days, the VFA concentration

Processces.

\Q e urc 4 near here]
OQ’Q
cS
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According to these results, it is possible to conclude that the use of GS can present both
economical and operational advantages. Firstly, GS can be used as low cost supports, widely
available in winery industry, contrary to plastic support of high cost and the use of GS ensures
a fast start-up of the reactor with high removal efficiency. Secondly, the lignocellulosic
composition of these residues allows the biofilm to conserve its activity during the non-
feeding period by using this support as substrate; this anaerobic biofilm react@ be

operated under a sequential mode according to the seasonal Variationgi @
t

ne” and
concentration of winery wastewater. The proposed hybrid reactor thus pegini gat both

winery effluents and grape stalks. The grape stalk will be renewg @ the no-feeding

period and the reactor could be operated as anaerobic solid r@

stalk is renewable support and could be used as support

used as organic amendment. %

Biogas production

tch mode. The grape

it is degraded it could be

The methanogenic activity of t@ during the start-up and the restart-up was also
investigated by following Nane production. Fig5. and Fig.6 present the OLR and the
these results meghan

methane yield throu% start-up and the restart-up period, respectively. According to

ds during both start-up and restart-up phases were similar. In fact,

durin, thes@)hases, the methane yield was about 0.32 Lcns/g pcodeg and decreased at the
end %-up due to the high OLD supply to the reactor. However, the only difference
between the start-up and the restart-up was observed during the first days. During the first
start-up phase, the methane yield was higher (about 0.35 Lcn4/g pcodeg) and then decreased,
while during the restart up was, it was lower (about 0.25 Lcna/g pcodeg) and then increased. In

fact, when the reactor feeding with influent started, soluble matter released from the carrier

support (GS) leads to an increase of the total soluble carbon available to the biofilm and as

12
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consequence, increases the quantity of the biogas produced, which is not the case when using
plastic support. [9,28] However, during the inactivity period, the biofilm degraded
biodegradable compounds from grape stalk and the total soluble carbon is only attributed to
the COD of the influent. Moreover, the reduction of the methanogenic activity of the biofilm

during the period of inactivity may also explain the slow production of biogaz during the first

days of restart-up period. \

L 2
As a consequence, in addition to reducing the costs, the use of grape stahﬁ\ support

displace to plastic support, allows the increase of the methane yield that c@uld be produced

from both winery wastewater and grape stalks. 0%

[Figure 5 near here] [Figure @ineathere]

O

Conclusions
In order to reproduce the sexa e of winery industries, the present study evaluated the
c

sequential operation of aglé 1ofilm reactor treating winery wastewater and using GS as

a biofilm carrier to c® th&treatment costs. The results obtained showed that GS can be
used as an ofilm carrier support, and they can constitute an alternative to plastic
carri Q the treatment costs. Furthermore, using GS allowed a fast start-up of the
reactor 1 only 40 days, with a high removal efficiency that reached 92% for an OLR of 25
gcon/L.d. In addition to its low cost, the biochemical characteristics of GS could maintain a
biofilm activity during the non-feeding period. This allowed biofilm to conserve its
methanogenic activity and, as a consequence, digester was able to restart-up in only 15 days

with COD removal efficiency higher than 80%. Finally, this new low cost treatment process

could be implemented on-site in wine factories because of the high treatment efficiency, the

13
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short start-up period as well as its ability to be carried out with successions of start-ups and

shut-down operations, including non-feeding periods.
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Figure caption

Fig.1 COD removal and OLR through the start-up period

Fig.2 Variation of VFA concentration during the start-up period

Fig.3 COD removal and OLR through the restart-up period

Fig.4 Variation of VFA during the restart-up period

Fig.5 Methane yield and OLD variation during the start-up period \

Fig.6 Methane yield and OLD variation during the restart-up period Q\

Table 1 Physico-chemical characteristics of grape stalks
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Support | TS |4 Soluble | Hemicellulose | Cellulose | Lignin | Apparent | Pore
(%) | (%TS) | fraction | (%TS) (%TS) (%TS) | density volume
(%TS) (9/cm?)
GS 79 74 32.3 15 27.5 252 0.102 0.86
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