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Abstract: The anaerobic codigestion of olive mill wastewater (OMWW) and
poultry manure (PM) was investigated in order to determine the appropriate
mixture ratio with a focus on total and OMWW organic load contribution.
Codigestion was first explored through batch tests using a combination of four
PM dry basis ratios (1 to 4%) and four volumetric OMWW ratios (0 to 15%).
Thereafter, codigestion was attempted at semi-continuous mode, at batch
identified appropriate PM ratio, using a gradual OMWW increase up to 20%.
Results showed that the maximum BMP was recorded with PM monodigestion
with biogas peak of 410.48 mL/gVS at 5.38 gVS/L. Under the semi-continuous
conditions, increasing OMWW fed ratio improved biogas yield up to total
feed of 1.57 gVS/L.d achieving a maximum production of 215.85 =+
23.56 mL/gVS.d. The codigestion of OMWW and PM was possible up to a
critical OMWW VS contribution of 40% to 50%.

Keywords: anaerobic codigestion; biogas; OMWW; optimal mixture; poultry
manure.
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1 Introduction

Olive growing has a great economical interest and is one of the most highly developed
crops in Morocco, with a superficies of 1,050.500 ha in 2016 (Maazouz, 2016). Due to
increasing demand of the internal and external markets for olive oil, the olive industry
has also undergone significant development in recent decades. During 2017, the national
olive oil production was assessed to bel140,000 tons. About 5.76% of this production is
currently supplied by Beni Mellal region, which focuses on 748 olive Mill plants. The
extraction process of olive oil generates tremendous quantities of high phytotoxic
OMWW that have a negative impact on the environment, especially soil and water. The
most common, cheapest, and most viable system of OMWW management has been its
disposal into open evaporation ponds. However, several studies had shown that the long-
term storage of OMWW effluents leads to their transformation into partially dry and
toxic sediments or sludge, in which potentially toxic compounds are concentrated
together in organic matter which becomes more recalcitrant (Kavvadias et al., 2017; El
Gnaoui et al., 2020; Saez et al., 2020).

Although olive wastewater was intensively studied and several treatment procedures
including physical, chemical, biological, or combined technologies have been
recommended, few processes are currently used at full scale due to economic constraints.
Among all the studied treatments, the anaerobic process is regaining consideration by
researchers as one of the main promising treatments since it offers the possibility to
produce green energy and break down toxicological compounds contained in these
wastewaters and could allow environmental safety disposal (Ghanam et al., 2013).
Compared to most foods and agro-industria, OMWW effluents are highly rich in
dissolved organic carbon with COD value up to 200 g/L, and are consequently considered
as an important and attractive resource of bioenergy (El Gnaoui et al., 2020; Thanos
et al., 2020).

However, several factors are well highlighted as severely compromising the
performance and stability of the anaerobic digestion of OMWW and are unfavourable to
the development of anaerobic bacteria, particularly the high concentration of phenol
compounds and the low amount of nitrogen and high C/N ratio (Zarkadas et al., 2019).
To overcome recalcitrance and unsuitability of OMWW to anaerobic digestion, many
authors recommended codigesting of OMWW with other wastes and nitrogen-rich
sources to counterbalance their low nitrogen content (Fezzani and Cheikh, 2010).
Usually, anaerobic codigestion is a cost-effective waste treatment method, in which two
different types of organic waste are mixed and processed together in a single facility
(Alatriste-Mondragéon et al., 2006). The reason for using a mixture of two different
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wastes in the anaerobic codigestion process is to take advantage of the abundance of a
specific compound in one type of waste to compensate for its shortage in the other type of
waste, and therefore increasing biodegradability and methane production (Alatriste-
Mondragoén et al., 2006; Moujanni et al., 2018). Anaerobic digestion of crude OMW had
lower treatment efficiency in terms of elimination of organic compounds, production of
biogas, and process stability, which could be attributed to the toxicity of phenols to
bacteria methanogens and lack of nitrogen (Al Afif and Linke, 2019). For these reasons,
the codigestion of OMWW has been proposed to improve the performance of anaerobic
digestion, by mixing OMWW with other substrates rich in nitrogen, mainly animal
manure, and agro-industrial residues. The Codigestion of OMWW and chicken manure
are theoretically quite attractive because of the possibilities of nutrient compensation
between these two wastes but also of the possible dilution of the toxic constituents, in this
case, ammonium and phenol. However, the choice of co-management ratios is generally
based on various parameters, either on volumetric ratios, COD load, total VS or simply
the proportions of territorial availability of PM and OMWW (Rabii et al., 2019).

The objective of the present study is to determine the appropriate OMWW/PM
mixing ratios with a focus on the identification of the corresponding inlet concentration
range regarding the main key anaerobic parameters. The study was therefore based on
Batch test using a large mixing ratio range and then at semi-continuous mode based on
identified suitable start-up and feeding ratios. To allow maximal anaerobic microbial
adaptation and organic compound biodegradation, the semi-continuous test was operated
at a gradual OMWW increased ratios instead of using separate OMWW ratios tests.
Acclimation was also shortened by using inoculum prepared from lab OMWW and
landfill leachates codigestion study.

2 Materials and methods

2.1 Raw material origin and characteristics

All used wastes in this work were sourced locally. PM material was provided by a small
local poultry farm, it consisted mainly of chicken dropping and feathers with moisture
content around 37 %. To avoid eventual moisture and biodegradation associated errors,
the whole collected quantity of PM wastes was air-dried at lab temperature and then
screened to remove gross feathers. After mechanical homogenisation, samples were
retired for analysis determination and the Batch experiment, the rest was stored in a
sealed plastic sampling bag at 4°C until use for subsequent digestion test (semi-
continuous experiment). OMWW was collected from an olive oil production plant using
traditional discontinuous three phasic extraction processes. During the day of wastes
reception, an aliquot of 500 ml was used for analysis, and the rest was kept at 4 °C and
was used for digestions tests. The basic composition and characteristics of the used
OMWW and PM are reported in Table 1. Inoculum suspension was taken from a lab
experiment of leachates and OMWW codigestion. It presents a neutral pH (7.5) and low
volatile solids content (0.79% dry basis).
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Table 1 Physicochemical characteristics of used OMWW and PM raw material

Substrate

oMWW PM
Parameters
Water content (%) 95+0.28 37+0.21
Total solids 83.2+7.80 g/L 26.34 + 0.89% (wet basis)
pH 5.16£0.11 7.15+0.07
Alkalinity (mg CaCO3/L) 1587 £53.03 5524 +142.83
Conductivity (ms/cm) 28.52+1.57 7.32+£0.04
COD 96 £3.18 g/L Nd
TNK 0.42+0.07 gL 3.22*+£0.15
Ammonium (NH+4) 0.11 £ 0.06 g/LL 1.54*+0.33
Total phenols 8.63+£0.26 g/L Nd
Volatile solids (VS) 79.15+4.70 g/L 44.4*%+0.17

Notes: *% (dry basis), nd : not determined.

2.2 Batch codigestion and Biochemical methane potential determination

To identify appropriate batch codigestion ratios of PM and OMWW, four loads of PM
(1%, 2%, 3%, and 4% dry basis) and four volumetric ratios of OMWW (0%, 5%, 10%,
and 15%), were used. The anaerobic digestion was accomplished in 1.5-liter bottles with
a working volume of 1.3 liters. The combination of each mixture was prepared by
diluting the corresponding weigh of air-dried PM and OMWW volume and 100 ml
inoculum with deionised water to 1.3 liters. Total and OMWW volatile solids loads were
ranging from 3.58 to 46 gVS/L and 3.95 to 11.87 gVS/L respectively. To compensate for
the low alkalinity of OMWW, the pH of all mixtures was adjusted to a neutral value (7),
and then the reactors were flushed with N2 for 3—4 min to ensure anaerobic conditions,
and were incubated at a temperature-controlled room in a water bath at 32°C. To
maintain suitable digestion, reactors were stirred 2 min twice each day based on a
preliminary test. A blank reactor with only deionised water and inoculum was incubated
at the same conditions. Biogas production was measured three days interval at a standard
temperature of 0°C. The digestion was maintained for a period of 50 days until no biogas
production.

2.3 Biogas kinetic assessment

Kinetic of biogas production in Batch condition was assumed that had correspondence to
the specific growth rate of methanogenesis bacteria in digester (Syaichurrozi et al., 2013).
The cumulative biogas production for all Batch reactors was then monitored by fitting the
experimental data to the Gompertz kinetic model using the following equation (1):

P=Aexp{—exp[,u.e/ A](i—t)-i—l}

where A represent the biogas production potential (mL/gVS), x4 the maximum biogas
production rate (mL/gVS.d) and A the minimum time required to produce the biogas

(days).
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2.4 Semi continuous codigestion experiment

The semi-continuous test was conducted using a lab reactor equipped with an emerged
device that serves for both effluent withdrawal and influent feeding. The used reactors
had the same total and working volume as for the Batch test. At the first step, the reactor
was operated for 33 days at Batch-start-up mode using PM monodigestion at the best
organic load based on Batch results, which corresponded to the mass load of 2% PM and
5.38 gVS/L. Thereafter, the operating conditions were changed to the semi-continuous
mode during which the reactor was feed first with only 2% PM suspension. After steady-
state achievement, the fed was changed to OMWW/PM mixture with a gradual increase
of OMWW volumetric ratio from 0% to 20%. Each ratio was run for 33 days digestion
period as described in Figure 1. During the digestion period, the reactor was mixed 5 min
twice a day at 5 hours interval: a first mixing to enhance digestion and a second one to
allow reactor homogenisation during discharging and feeding operation. The hydraulic
retention time was set to 20 days with an intermittent feed of 3 days. The temperature
was maintained at 37°C using a water bath. The produced biogas was measured by water
displacement method at three days interval and the discharged effluents were
continuously analysed for pH and volatile fatty acids (VFAs) concentration monitoring.

Figure 1 Semi-continuous codigestion operational conditions

Batch start-up
PM monodigestion Semi-continuous codigestion
0to 33 33to 66 66 to 99 99 to 132 : Period (days) -
(538 g VL)
0/2 512 102 2072 - OMWW/PM ratio
0.79 118 1.57 235 : Total VS (g/L.d)
0 0.39 0.79 1.58 :OMWW VS (g/L.d)

2.5 Analytical methods

All the analytical determinations were done according to the Standard Methods for the
Examination of Water and Wastewater (Rodier et al., 2009). Water content and total solid
were determined by drying samples at 105°C for 24h, Volatile solids content (VS) was
determined after drying samples at 105°C for 72h and ignition overnight at 550°C. Total
nitrogen (TNK) and ammonium were determined by kjeldhal method (AOAC, 1997). pH
and electrical conductivity were determined by Hanna pH metre and conductivity metre.
Phenol content was determined using Singleton method and al 1999 quoted by Wolfe
et al. (2003) (Rodier et al., 2009) and chemical oxygen demand (COD) was measured by
spectrophotometer after a total digestion with H,SO4 and potassium dichromate at 150°C
for 2 h. VFA concentration was determined by titration with 0.1 M sodium hydroxide,
and alkalinity was determined by acid titration using 0.02 N of hydrochloric acid (Rodier
et al., 2009). Biogas production was measured by water displacement column at
atmospheric pressure and 25 + 3°C controlled room temperature.
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Figure 2 Cumulative biogas production of OMWW/PM ratios where experimental data are given
in symbols and simulated plots in line (see online version for colours)
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3 Results and discussion

3.1 Batch optimal mixture ratios

The yields and potential of biogas according to the batch tests and the modified Gompertz
equation are illustrated in Figure 2 and Table 2. The experimental and simulated results
showed a good fit with strong correlation coefficients. Ratios comparison showed that the
highest biogas yield was achieved for PM monodigestion. It was noticed that both the
low (1% PM) and high PM load (4% PM) give poor biogas yield. The peak performance
was recorded for 2% PM with biogas yield of 410.48 mL/gVS and daily biogas
production rate of 36.85 mL/gVS.d. In terms of organic load, appropriate PM
monodigestion was possible in the range of 5.38 to 9.19 gVS/L (2 to 3% of PM). The
corresponding TNK and ammonium inlet ranges were 0.32 to 1.34g/L and 0.154 to
0.632 g/L, respectively. These results are close to that reported by (Farrow et al., 2017)
which found an increase in biogas yield of 30% (470 — 607 L/kgVS) during the batch
digestion tests of PM.

For the current study, the decrease in biogas production observed at a high PM load
(4% PM), could be attributed to an overload effect and/or to ammonium accumulation
which generally represent the main potential inhibitors for the anaerobic digestion of PM
as indicated in the literature (Sampaio et al., 2011; Markou, 2015). Even if the overall
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entry ammonium concentration was kept at a relatively low level, the increase in VS
increases the load in protein compounds and this can lead to an accumulation of
ammonium and free ammonia up to an inhibitory threshold, as reported by other authors
(Khoufi et al., 2015).

Figure 3 (a) plot of biogas production potential (A), and inhibition % versus initial organic load,
and (b) OMWW volatile solids contribution giving 50% bmp inhibition versus pm ratio
for the whole batch tests (all OMWW/PM ratios) (see online version for colours)
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Codigestion results showed that the increasing of OMWW volumetric ratio for each PM
ratio affect negatively the anaerobic digestion process. Besides, it was noticed that biogas
yield decreased with increasing either OMWW or PM ratio. The recorded BMP varied
from a maximum of 258.8 at a low mixing ratio to a minimum of 23.38 mL/gVS when
combining high ratio. Acceptable yields with a value in the range of 218.21 to
258.8 mL/g VS were possible at the lowest mixing ratios: 1 to 2% PM and 5% OMWW.
On the opposite, at high PM ratio, the addition of OMWW even at low proportion
resulted in strong inhibition of the codigestion process. Interestingly, the plot of total VS
versus BMP showed a significant linear negative correlation regardless of the digestion
ratios [Figure 3(a)]. These results suggest that total inlet VS was the main codigestion
key parameter and that codigestion inhibition could be attributed mainly to overloading
effect and acid accumulations. Similar conclusion was reported by other authors for
which the organic load may influence considerably the codigestion process and could led
to fast and unsuitable accumulation of acids being the main digestion inhibitor
independently of wastes Characteristics (Sampaio et al., 2011; El Gnaoui et al., 2020).
Based on maximum BMP, the threshold of 50% inhibition was observed at total VS of
10 to 20 gVS/L depending on PM ratio [Figure 3(b)]: it corresponded to OMWW VS
contribution of 45.80%, 22.17%, 16.42%, and 16.37% for 1, 2, 3, and 4% PM ratio
respectively as reported in Figure 3b. Therefore, the inhibitory effect of OMWW was
clearly amplified by PM load increase, resulting in an obvious negative synergetic effect.
These results disagree with those of (Khoufi et al., 2015) according to which codigestion
stimulated anaerobic digestion and allowed optimal Batch codigestion condition at 70%
OMWW and 30% PM mixing ratio. Similarly (Gannoun et al., 2016) shown that the
codigestion of OMWW with SW at different mixing ratios of 40:60 and 50:50 (OMW:
SW), improves the methane yield and revealed excellent stability of the digester, even at
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higher organic charges. The negative effect of OMWW on codigestion was however
highlighted by many others studies in good agreement with the current study. The
addition of OMWW to cattle manure (Rubio et al., 2019), and to activated sludge
(Alrawashdeh and Al-Essa, 2019) caused inhibition of methanogenes and reactor failure.
It was also reported that OMWW VS contribution over 40% led to reverse and negative
effects and reduce significantly OMWW and PM codigestion performance (Li et al.,
2015). The synergetic negative effect between OMWW and PM at high organic load
could be attributed to negative interaction involving both overloading effect, phenol and
ammonium specific effect. These finding are in agreement with that found by (Astals
et al., 2014).

Table 2 OMWW/PM mixture characteristic and the corresponding Modified Gompertz

Codigestion parameters Gompertz data
0
PM(%) OAZ%VS/W TIO/? : 17’"1155({ aml:lnlzziu R? A:mL/gVS mL /’2 VS.d A:(Days)
(gL) (gL) m(gl) ' '
1 0 358 032 0.154 0.998 265.56 38.69 0.70
14.00 0.34 0.159 0.997 218.21 8.63 2.60
10 17.32 036 0.164 0.997 164.8 10.27 2.81
15 20.75 0.38 0.17 0.994 86.95 6.65 2.64
2 0 538 0.64 0.308 0.993 410.48 36.85 1.04
16.36  0.66 0.313 0.998 258.80 13.79 3.47
10 26.00 0.68 0.318 0.996 157.0 8.77 2.21
15 35.00 0.70 0.324 0.998 72.82 5.40 1.89
3 0 9.19 0.96 0.462 0.996 325.6 12.85 4.39
24.14 098 0.467 0.998 175.53 5.261 6.09
10 33.25 1.00 0.472 0.998 100.6 5.73 2.09
15 40.00 1.02 0.478 0.986 47.877 1.91 1.78
4 0 1476  1.28 0.616 0.998 165.24 9.59 4.76
37.25 1.30 0.621 0.993 104.73 5.31 3.59
10 40.00 1.32 0.626 0.997 109.82 5.37 3.06
15 46.00 1.34 0.632 0.995 23.381 1.66 1.71

3.2 Semi continuous experiment

3.2.1 Biogas yield

Anaerobic digestion at semi-continuous mode is based on intermittent cyclic discharging
and bioloading of processed biomass and raw biomass at a given period. It is commonly
more convenient than batch mode since it prevents the accumulation of potential inhibitor
and maintains overall favourable conditions for bacterial growth (Park et al., 2018).
According to recent work, (Chan et al.,, 2018), intermittent feeding may improves
codigestion performance, particularly through active COD and VFA metabolism.
Chicken manure monodigestion, had shown that intermittent feeding at 7 days interval
and 10% volume removing/loading ratio was 33.5% more efficient in terms of methane
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yield compared to Batch process (45 days periodic mode) (Baltrénas and Kolodynskij,
2020). Moreover, mixing chicken manure with other waste and increasing the amount of
newly loaded bioloading from 10% to 15% was recommended. For the current study, the
results of the codigestion OMWW and PM in semi-continuous mode using a short
intermittent interval are illustrated in Figure 4 and Table 3. During the batch start-up
period, the average daily biogas yield was 95.17 mL/L of the reactor. When the operating
conditions changed to semi-continuous mode based on an intermittent 3-day supply with
23% of bioloading, the process led to a significant increase in biogas yield. For the
monodigestion of PM at an organic load of 0.79 gVS/L.d, the average daily production of
biogas gradually increased to reach 12525 + 17.18 mL/L.d and 158.54 +
10.54 mL/gVS.d. Thereafter, when the reactor started to be supplied with an OMWW/PM
mixture, the average production of biogas continues to increase by up to 10% of OMWW
ratio to reach a stable state at the same time. At 20% ratio feed, the codigestion was
destabilised and the production of biogas fell sharply. The biogas yield recorded was
244.40 + 24.46, 338.89 + 27.37, and 146.32 £ 16.58 mL/L.d for the mixing ratios of 5/2,
10/2, and 20/2 (OMWW/PM) respectively. In terms of VS load, codigestion had a peak
performance at total VS of 1.57 gVS/L.d with strong inhibition at higher load. The
maximum biogas recorded was 215.85 + 23.56 mL/gVS.d and 338.89 + 27.37 mL/L.d.
These results are close to those reported in the literature for semi-continuous codigestion
of PM /OMWW. The biogas yield is usually in the order of 0.7 £ 0.4 to 1.2 £ 0.3
L/Lreactor.d (Thanos et al., 2020), which is very comparable to our results. Similar
results have also been reported by recent continuous co-management of OMWW and
Food waste (FW) for which the optimal mixing ratio was 20% OMWW/80% FW at an
organic load of 2.0 + 0.1 kgVS/m-3.d — 1 (El Gnaoui et al., 2020). These findings suggest
that the success of PM/OMWW codigestion could be limited to low organic load and low
volume ratios of OMWW. However, a critical review of the available literature revealed
that codigestion of OMWW with different types of nitrogen-rich wastes, including PM
(Khoufi et al., 2015), activated sludge (Alrawashdeh and Al-Essa, 2019), and swine
manure (Azaizeh and Jadoun, 2010) was also possible at very high loads. However,
although increasing OLR can increase biogas yield, it has been reported to have a
negative effect and decrease digestion performance due to overload and accumulation of
acids (Serrano et al., 2019). Under continuous and semi- continuous supply, reactor
failure is also very likely at 2 gVS/L.d as critical load (Serrano et al., 2019) that is in
good agreement with our work.

Dealing the anaerobic codigestion of PM and OMWW which are potentially
unfavourable waste, it seems that both the question of the volumetric mixing ratios, the
OLR and the specific contribution of OMWW volatile solids are key parameters. By
focusing on the specific effect of OMWW, the current study showed that peak
performance corresponds to a volumetric ratio of 10% and an OMWW VS contribution
of 50% at an organic load of 1.57 gVS/L.d. These results are in good agreement with
those of (Gelegenis et al., 2007), according to which the production of biogas was
slightly higher when OMW was added to the diluted PM up to a critical contribution
OMWW VS of 40%. Higher volumetric ratios have recently been reported in the case of
PM/OMWW codigestion (Khoufi et al., 2015). They stated that optimal codigestion in
the semi-continuous jet loop reactor was achieved at a volumetric ratio of 70%
OMWW/30% PM at an organic load of 9.5 gCOD/L.d and 1: 1 VS.

Semi-continuous and batch tests comparison showed that the change in the
operational conditions in semi-continuous mode had a positive effect on the anaerobic
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codigestion of PM/OMWW. The addition of OMWW up to 10% at a PM rate of 2%
improves biogas production, contrary to the batch condition. This has been attributed to
the effect of the discharge and dilution of potentially produced inhibitory metabolites,
particularly VFAs, as reported by (Gongalves et al., 2012). At the same time, the failure
of digestion observed at a 20% ratio confirmed the fact that the codigestion process
remains very sensitive to the addition of OMWW and that the appropriate conditions
were also limited to a narrow range of ratios of OMWW/PM mixture as for batch mode.

Figure 4 Daily biogas production evolution during semi-continuous anaerobic OMWW/PM
codigestion with gradual OLR increase

Batch mode Semi-continuos mode
> . . . oy 4.0
16 4 0%OMWW 0% OMWW ) 5%0MWW i 10% OMWW . 20°% OMWW |
- ! L35
4 | L i} | L
1 ! 4 /}}}} L 3.0
&
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OLR (gVSIL.d)

2,35g/L
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Biogas production (mL/3d)
1
e
o+
.

-0.5
T : 'r 0.0
0 33 86 99 132 85
—8—Blogas production Time (Days)
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Table 3 Biogas yield during semi-continuous experiment
. Average biogas
PM/OMWW OMWW VS Average biogas >
ratio OLR gVS/Ld contribution (%) yield mL/L.d p rodu;tzénrzL/gVS
eeding.
2/0 0.79 0 125.25 + 17.18 158.54 +10.45
2/5 1.45 33.05 244.40 +24.46 207.85 +20.48
2/10 1.95 50.31 338.89 +27.37 215.85+23.56
2/20 3.79 67.23 146.32 + 16.58 6226 +7.42

3.2.2 Volatile fatty acids and pH

VFA and pH in an anaerobic digester are generally considered to be key indicators of the
progress and stability of anaerobic digestion. They are also easy to operate on a pilot
scale and at the same time allow adequate monitoring. The determination of the VFAs
and the pH of the outlet effluent is shown in Figure 5. Continuous pH control is important
to monitor the stability of the reactor. Fermentative bacteria can function effectively over
a wide pH range, that is, ie between pH 4.0 and 8.0 while methanogenic bacteria are
functionally active in a pH range of 6.5 to 7.5. Low pH favours the production of volatile
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fatty acids, while higher pH favours the ammonia production (Kumar and Samadder,
2020). From Figure 5 the pH was relatively stable at the first stage of digestion and for a
low OMWW ratio, but a slight decrease was observed when the reactor started to be
supplied with 20% OMWW. The concentration of VFAs showed the same overall trend
with a significant increase as the OMWW ratio increased, this can be explained by the
low biodegradability of the mixture and the increasing of OLR, which providing growing
conditions unfavourable to methanogenic archaea. Therefore, these results showed that
the semi-continuous conditions allowed co-digestion at a relatively higher ratio of
OMWW and this could be attributed to the continuous dilution of the VFAs and
ammonium produced.

Figure 5 Biogas production, pH effluent and total VFA concentrations during the semi-
continuous codigestion (see online version for colours)

Semi-continuous mode

- - - - P )

1,8 H 0% OMWW 5000MWW 10% OMWW  ©  20% OMIWW ; - 7.8
1,6 - : AA8 -’ 7.6
i A/_\,A ' AA Z . L
1,4 - AA‘(-\‘/ A& /_\. /;\ _,QOD ‘JO A : -7.4

1 ; : \ [ 7.2
12 ] i ' OAA |
1,0 4 | OOOOO 7.0

] | fOQ : Y
0,8 - - o0 ‘ B

| pele} : s
0.6 o B

| O o° : s
04 AV o, ‘ o

1 /0.0 ol : Ooooo\ [ e 2
0244 i : | ¢ -

1/ : : : S B
0.0 T T T T T T T LI -

0 _o— biogas (L3d) 33 66 99 132

VFA (g/L) Time (Days)

——pH

4 Conclusions

The anaerobic codigestion of OMWW and PM was studied in batch and semi-continuous
mode. in the batch test, the best biogas yield was recorded for the monodigestion of PM
at 2%. This charge was tested in semi-continuous mode with a gradual increase in
OMWW volumetric ratio. The results prove that the optimal anaerobic codigestion could
be achieved up to 10% OMWW volumetric ratio and overall loading rate of 1.57 gVS/L.d
with OMWW organic load contribution up to 50%. This work led also to the conclusion
that both PM and OMWW are potentials inhibitors and that their mixture may lead to
synergetic negative effect at relatively low load and that particular caution should be
accorded to both total and specific VS contribution for PM and OMWW anaerobic
codigestion.
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Nomenclature
BMP Biochemical methane potential
OMWW Olive mill wastewater
OLR Organic loading rate
PM Poultry manure
VFAs Volatile fatty acids

VS Volatile solids




