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Abstract

Objectives To assess the combination of electroco-
agulation and anaerobic co-digestion of olive mill
wastewaters (OMWW) with other substrates, such as
chicken manure, in a continuous stirred tank reactor
for biogas production.

Results Anaerobic digestion of OMWW treated by
electrocoagulation allowed higher production of bio-
gas, up to 0.74 1 biogas g~' COD introduced com-
pared to untreated or diluted olive mill wastewaters
(OMWW) (0.37 and 0.6 1 biogas gfl COD) respec-
tively. Pretreated OMWW co-digested with chicken
manure at different volumic ratios OMWW/manure in
a continuous stirred tank reactor under mesophilic
conditions revealed that OMWW/manure (7:3 v/v)
was optimal for biogas production and process
stability.

Conclusion Anaerobic digestion could achieve
promising results in depollution and valorization of
OMWW under a continuous stirred tank reactor.
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Introduction

Large amounts of wastes, including wastewaters, are
produced by the olive oil industry. Olive mill
wastewater (OMWW) is a dark aqueous solution with
complex composition. Such a waste causes a serious
problem to the environment. Processes for treatment
and reduction of toxicity of OMWW include aerobic
and anaerobic treatments, physical or chemical treat-
ments (Gunay and Karadag 2015).

Among pretreatment techniques, electrochemical
processes have shown good results in removing
organic pollutants from different liquid effluents.
Codigestion of OMWW with substrates rich organic
nitrogen (cow manure, cheese whey, laying hen litter,
slaughterhouse wastewaters) (Azbar et al. 2008)
enhances biogas production by providing a balanced
ratio of C/N/P to the medium.

In this study, pretreatment of OMWW was con-
ducted using electrocoagulation to reduce the phenolic
content of this effluent. In a second step, anaerobic
digestion of three types of OMWW (crude, diluted and
treated samples) was realized in batch mode in order to
assess the effect of phenolic compounds removal on
biogas production.

Codigestion of pretreated OMWW with a comple-
mentary substrate was further tested in a continuous
stirred tank reactor at different volumic ratios under
mesophilic conditions.
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Materials and methods
Effluent and substrats collection

Olive mill wastewater (OMWW) was provided from a
local industrial mill.

Solid chicken manure was obtained from a local
chicken farm. Before use, manure was sieved, shred-
ded and added to water to obtain a liquid effluent.

For reactors seeding, a digested sludge from
mesophilic anaerobic reactor was used.

Electrocoagulation assay

Electrocoagulation of OMWW was conducted on 0.5 1
effluent for 4 h. Current density was 4 A/dm” using
two iron electrodes placed at4 cm from each other. No
pH adjustment was needed as OMWW has an acidic
pH.

Anaerobic digestion batch tests

The experimental setup for anaerobic digestion tests
consisted of glass serum bottles, each one filled with
crude, pretreated or diluted OMWW, and seeded with
methanogenic culture according to ratio of volatile
solids (inoculum/substrate) (1/1, v/v) in all batchs.

After inoculation, all the glass bottles were flushed
with N,. They were capped with rubber stoppers and
incubated at 37 °C.

Biogas production was monitored using a displace-
ment method device, and pH was measured
periodically.

Laboratory bench continuous stirred tank reactor
(CSTR)

Co-digestion experiments of OMWW and chicken
manure were carried out in a jacketed CSTR having a
working volume of 1 1 and operating at 37 °C.

The reactor was inoculated with digested OMWW
biomass having a TS (Total Solids) content of 27.2 and
7.6% of VS (volatile solids). Chicken manure was then
added at 2/1 (v/v) (manure/inoculum) of volatile
solids.

The fraction of OMWW in the reactor was
increased with a ramp of 10% of the total volume
using a peristaltic pump and the same amount of
digested effluent was withdrawn.
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To control reactor activity, the following parame-
ters were recorded: biogas volume, pH, volatile fatty
acids, and alkalinity.

Analytical methods

COD, pH, NH,",NO;~,NO,~, TS, VS, total Kjeldahl
nitrogen (TKN), PO3, volatile fatty acids and alkalin-
ity were determined according to methods reported by
(Rodier et al. 2009). Soluble phenolic compounds
content was determined using the Folin—Ciocalteu
procedure (Box 2016).

Results and discussion
Electrocoagulation pretreatment

Physicochemical parameters of OMWW before and
after electrocoagulation process are presented in
Table 1. COD content decreased to 71 g COD 1™
under electrocoagulation conditions.

The pH of OMWW increased from 4.8 to 6.8 due to
OH™ formation during electrocoagulation. Also,
removal of phenolic compounds which most are acidic
contributed to increase of pH.

Polyphenols decreased from 9 to 2 g 17", This can
be assigned to oxidation and polymerization of
phenols (Kallel et al. 2009).

The quantity of suspended solids increased from
12.5 to 50 g solids 17" after electrocoagulation. The
sludge formed can be used in composting due as it is
rich in Ca®™, Mg2+ and Fe>™ (Khoufi et al. 2009).
Another alternative for electrocoagulation sludge is to
use it as a low cost adsorbent for wastewaters
decontamination (Yilmaz et al. 2011).

After 4 h of electrocoagulation, concentrations of
NO;~, NO,~ and NH,* reached
107 + 0.62,14 £ 0.28, and 29.6 + 0.55 mg 1",
respectively (Table 1).

This electrocoagulation decreases the organic and
inorganic content of OMWW. It also provides a
biodegradable rich substrate for anaerobic digestion
by reducing phenolic compounds toxicity.

Anaerobic digestion of OMWW in batch tests

Figure 1 shows variations of pH during anaerobic
digestion of crude, diluted and pretreated samples of
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Table 1 Composition of

Parameters Crude OMWW Treated OMWW % of removal
olive mill wastewater
(OMWW) before and after CoD (g17h 175 (+ 3.51) 71 (£ 2.08) 60
electrocoagulation pH 4.9 (+ 0.06) 6.8 (< 0.05) _
PC (g1 9 (£ 0.14) 2 (£ 0.07) 78
PO~ (mg17h) 57.5 (£ 3.53) 4.5 (£ 0.09) 92
TS (%) 9.9 (£ 0.06) 5 (£ 0.08) 49
VS (%) 6 (£ 0.16) 0.8 (£ 0.03) 87
NH, " (mg 17" 37 (£ 1.27) 29.6 (+ 0.55) 20
NO,™ (mg 1Y 31 (£ 2.82) 14 (£ 0.28) 55
NO;™ (mg 17h 395 (£ 5.50) 107 (£ 0.62) 73
TKN (mg 1Y) 350 (& 0.03) 70 (& 2.00) 80
78 VS. According to our knowledge, it is the first
76 - DOMWW repqrt that associates .electrocoagulation and codi-
,'\ gestion of OMWW with other substrates, such as
14 ! ——(COMWW chicken manure in a continuous stirred tank reactor.
] Therefore, we looked at the effect of electrocoag-
12 [ ——E-OMWW : o . ;
I ulation and codigestion by determining the main
T 7 ' factors affecting the process of biogas production
e 68 under this condition.
6.6 Laboratory bench continuous stirred tank reactor
64 (CSTR)
6.2 Physicochemical characteristics of chicken manure
6 are presented in Table 2. In comparison with OMWW,
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Fig. 1 Evolution of pH during digestion of diluted (D-
OMWW), crude (R-OMWW) and electrocoagulated OMWW
(E-OMWW)

OMWW in batch mode. pH remain within the range of
6.4 to 7.4 for all samples which represent an optimal
range for methanogenic bacteria (Ghanam et al. 2013).
Time course production of biogas during the batch
test is presented in Fig. 2. The pretreated sample
shows higher yield with 0.74 1 biogas g~ of COD
introduced. Diluted OMWW produced 0.6 1 bio-
gas g ' COD while crude sample resulted in the
lowest yield with only 0.37 1 biogas g~ COD.
Ruggeri et al. (2015) studied the effect of
different pretreatments methods on biogas produc-
tion in batch mode. Diluted OMWW produced up to
258 1 biogas kg~' VS while crude OMWW has a
negligible production with only 6.67 1 biogas kg™

we noted that these are differences in major physical
(Table 2) and chemical characteristics; for example,
the TKN content of manure (190 mg TKN 1Y is
higher than OMWW (70 mg TKN 17') and are, in
fact, complementary and thus ensure an optimally
accepted composition for higher yield in biogas
production during anaerobic digestion.

Changes in alkalinity during anaerobic process, as
reported in Fig. 3, confirm that very slight signs of
perturbation or inhibition were noted as indicated by
values of CaCOj5 higher than 1 g 17" that is considered
the minimal limit of CaCO;5 in anaerobic medium
under mesophilic conditions (Kolbl et al. 2017). pH
monitoring in the digester for different ratios of
OMWW/manure indicated that pH remained within
6-8 along the digestion test (data not shown).

Another important factor to control during metha-
nogenic process is the concentration of volatile fatty
acids. Anaerobic digestion could be inhibited because
methanogenic bacteria are very sensitive to VFA
accumulation (Bjornsson et al. 2000).
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Fig. 2 Biogas production of diluted (D-OMWW), crude (C-OMWW) and electrocoagulated OMWW (E-OMWW)

Table 2 Physicochemical characteristics of chicken manure

Parameters COD pH PC PO;? TS (%) VS (%) NH,* NO,™ NO; ™ TKN
1™ 1™ (mgl™ (mgl™) (mgl™) (mgl™) (mgl™h
Manure 39.5 73 2 (£ 0.09) 248 4 (£0.13) 3.5 84 29 142 190
(£ 0.50) (£ 0.15) (+ 1.02) (£ 0.24) (£ 0.08) (£ 0.20) (£ 0.54) (£ 1.17)

COD chemical oxygen demand, PC phenolic compounds, TKN total kjeldahl nitrogen
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5000 mVFA(mgl-1)
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Fig. 3 Variation of alkalinity and VFA in the CSTR as function
of the percentage of OMWW in the reactor’s used volume

As depicted in Fig. 3, low amounts of VFA,
compared to CaCO; content was observed. The ratio
of VFA/ALK does not exceeded 0.1 for all mixing
ratios, suggesting that VFA produced are rapidly
neutralized by carbonate species (Khoufi et al. 2007).

Gradual adaptation of reactor fed alternatively with
100% OMWW (v/v) or 100% of piggery effluent did
not affect the balance of ratio VFA/ALK and thus no
pH drop or VFA accumulation was observed as
reported by (Sampaio et al. 2011).
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Biogas production

Biogas production as function of the mix ratio
(manure/OMWW) (Fig. 4) shows that biogas liberated
in experiments with mix ratios comprised between 10
and 50% reached low values. This low biogas
production can be assigned to an gradually acclima-
tization phase of methanogenic bacteria to changes in
feed composition. From 60 to 90% biogas production
increases from 110 ml to a maximum of 2210 ml for
the 70/30 (v/v) OMW W/manure mix.

The same mix of 70/30 was described as optimal for
biogas production as reported by (Khoufi et al. 2015)
when digesting OMWW with poultry liquid manure in
a jet loop reactor under mesophilic conditions; at this
ratio, the medium provides a balanced C/N ratio for
stable process; also inhibition by excess of free
ammonia from manure is limited.

Co-digestion of effluents increases biogas recovery
and reduces the effect of inhibition by VFA accumu-
lation inside anaerobic reactors. Additionally, CSTR
is well adapted to degrade effluents with high organic
load such as OMWW.
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Fig. 4 Total biogas production at different percent ratios
OMWW/manure

Conclusion

The main results of the present study are:

— OMWW is a potential source of pollution due to is
high organic load, the presence of phenolic
compounds, and its acidic pH.

— Electrocoagulation is an effective pretreatment
which aims to reduce the organic load of OMWW
prior to an upcoming biological treatment which
resulted in higher volume of biogas compared to
crude or diluted OMWW.

— Co digestion of OMWW with a rich nitrogen
substrate like chicken manure optimizes the pro-
cess of anaerobic digestion under mesophilic
conditions.
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