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Olive mill wastewater (OMWW) management is recognized as the major defy that olive oil industry is facing. Recently, we have established an eco-friendly strategy for the OMWW conversion into irrigation water sources, green biofuels and biofertilizers. This work is a part of a series of papers detailing the different steps established in this environmental friendly strategy for OMWW management. It deals with the bio-oil production and characterization during the pyrolysis of OMWW impregnated on olive pomace (OP) in a pyrolyzer pilot.

Results show a bio-oil production yield of 36 wt.% during the pyrolysis test. This yield could be attributed to the recovery of organic compounds from OMWW through OP impregnation and their conversion to bio-oil. The bio-oil properties show that viscosity and flash point values could reach the European standards. However, the lower heating values (26 MJ/kg) and the acidic character limit its direct use. These values are attributed to the higher water and oxygen contents. The GC/MS analysis confirms these properties showing the presence of phenolic molecules and long chain organic acids. Therefore, OMWW impregnation on OP and pyrolysis could be considered as a promising issue for bio-oil production. However, this bio-oil requires an upgrading step for a better valorization.

INTRODUCTION

Olive oil production is recognized as one of the main food processing industries in the Mediterranean countries. Each year, about 1.6 million tons of olive oil are extracted in the Mediterranean basin representing more than 96% of the total olive oil extracted worldwide [START_REF] Souilem | Chapter 1 -Olive oil production sector: environmental effects and sustainability challenges in : Olive Mill Waste, Recent Advances for Sustainable Management[END_REF]. The leading countries in olive oil production are Spain, Italy, Greece and Tunisia. Typically, three kinds of extraction techniques are commonly used in the world. The pressure process (olive presses), 2-phases separation system and 3-phases separation system. A 2phases system is fully applied in Spain while in Italy, Greece and Tunisia still both systems are used, but mainly the 3-phases system. A 2-phases system generates a humid solid waste (moisture ~ 60 wt.%) called "alperujo". However, the 3-phases system, due to the addition of huge amounts of water during the decanting process, generates a solid residue named olive mill solid waste (OMSW) or olive pomace (OP) and a liquid effluent named olive mill wastewater (OMWW). The average amount of OMWW produced during the milling process is 1.2-1.8 m 3 /t of olives. Therefore, annually over than 30 million m 3 of OMWW is generated in the Mediterranean region [START_REF] Vlyssides | Olive Oil Processing Wastes Production and Their Characteristics in Relation to Olive Oil Extraction Methods[END_REF].

Sustainable OMWW management is recognized as a real defy for industrials of olive sector as well as for environment protection actors. Different OMWW treatment techniques and procedures were mentioned in the literature including flocculation, centrifugation, ultrafiltration, electrochemical oxidation and pellets production [START_REF] Roig | An overview on olive mill wastes and their valorisation methods[END_REF][START_REF] Paraskeva | Technologies for olive mill wastewater (OMW) treatment: A review[END_REF][START_REF] Christoforou | A review of olive mill solid wastes to energy utilization techniques[END_REF][START_REF] Kinab | Management of olive solid waste in Lebanon: From mill to stove[END_REF][START_REF] Kraiem | Impregnation of olive mill wastewater on dry biomasses: Impact on chemical properties and combustion performances[END_REF]. However, these techniques were applied at laboratory scale without industrial development due to several constraints such as high economic costs, technical complexity and pollutants emissions. Recently, Jeguirim et al. have developed an eco-friendly method for the OMWW treatment was proposed [START_REF] Haddad | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Biofertilizer[END_REF][START_REF] Jeguirim | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Bio-Fertilizer-Part 1. The Drying Kinetics[END_REF][START_REF] Dutournié | Olive Mill Wastewater: From a Pollutant to Green Fuels[END_REF]. This method, detailed in Figure 1, allows the conversion of OMWW into irrigation water source, green fuels and biofertilizers using different procedures. A first step consists on the impregnation of OMWW on dry lignocellulosic biomass such as OP or wood sawdust [START_REF] Jeguirim | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Bio-Fertilizer-Part 1. The Drying Kinetics[END_REF]. This impregnation step allows the retention of the organic and mineral compounds initially present in the OMWW on the dry biomass. The second step includes the convective drying of the impregnated samples and the condensation of the evaporated liquid phase. This recovered water could be used as agriculture water source after tertiary treatment including pH adjustment [START_REF] Dutournié | Olive Mill Wastewater: From a Pollutant to Green Fuels[END_REF]. The third step is the thermochemical conversion of the dried impregnated samples using the slow pyrolysis process. The latter technique has the advantage to generate solid, liquid and gaseous fractions that could be used in different manners. The solid fraction, named biochar, could be used as bio-fertilizers due to its high nutrients concentrations, especially potassium and phosphorus that was recovered during the OMWW impregnation. The gaseous fraction, rich in methane, has a higher calorific contents and could be used as a heating source for the pyrolyzer. The liquid fraction, named bio-oil, could be used as a green fuel or blended with petroleum refinery feedstocks [START_REF] Haddad | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Biofertilizer[END_REF]. This green fuel could be used directly in the olive mill for heating purposes during the different oil production steps such as olive washing and extraction process.

During the last decades, the biofuel production during organic wastes pyrolysis has received particular attention. Various resources including lignocellulosic biomass, agriculture and agrifood by-products and industrial wastes have been evaluated for bio-oil production [START_REF] Mabrouki | Simulation of biofuel production via fast pyrolysis of palm oil residues[END_REF][START_REF] Mabrouki | Simulation of the fast pyrolysis of Tunisian biomass feedstocks for biofuels production[END_REF][START_REF] Kraiem | Production and characterization of biooil from the pyrolysis of waste frying oil[END_REF][START_REF] Kraiem | Characterization of the liquid products obtained from Tunisian waste fish fats using the pyrolysis process[END_REF][START_REF] Labaki | Thermochemical Conversion of Waste Tyres --a review Environmental[END_REF]. These investigations have assessed the bio-oil yields production and also their main properties using different analytical techniques. Generally, the bio-oil yields depend strongly on both the feedstock composition (hemicellulose, cellulose and lignin contents, mineral contents) as well as the operating conditions (residence time, heating rate) [START_REF] Labaki | Thermochemical Conversion of Waste Tyres --a review Environmental[END_REF][START_REF] Roy | Prospects for pyrolysis technologies in the bioenergy sector: A review[END_REF].

The pyrolysis of olive wastes for bio-oil production have been examined in the literature [START_REF] Demirbas | Producing bio-oil from olive cake by fast pyrolysis[END_REF][START_REF] Zabaniotou | Olive residues (cuttings and kernels) rapid pyrolysis product yields and kinetics[END_REF][START_REF] Pütün | Bio-oil from olive oil industry wastes: Pyrolysis of olive residue under different conditions[END_REF][START_REF] Uzun | Composition of products obtained via fast pyrolysis of olive-oil residue: Effect of pyrolysis temperature[END_REF]. Basically, olive solid wastes were subjected to slow, fast and flash pyrolysis for biofuel production. These experiments showed that the highest bio-oil yields were obtained at 500 °C reaching 30-40 wt. % from dry biomass. These bio-oils were categorized as aromatic, aliphatic and polar sub-fractions. The characterization of the aliphatic sub-fractions using a gas chromatography and infrared analysis indicates a mixture of alkanes and alkenes [START_REF] Pütün | Bio-oil from olive oil industry wastes: Pyrolysis of olive residue under different conditions[END_REF][START_REF] Uzun | Composition of products obtained via fast pyrolysis of olive-oil residue: Effect of pyrolysis temperature[END_REF].

The OMWW pyrolysis is technically complicated due to the higher moisture content. Therefore, in the current eco-friendly strategy for OMWW treatment, a first step consisting on its impregnation on the OP was proposed [START_REF] Haddad | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Biofertilizer[END_REF]. This investigation as a part of a series paper aims to examine the bio-oil recovery during the slow pyrolysis of the impregnated samples and their characterization for a possible use as a green fuel.

MATERIALS AND METHODS

2.1.Olive Mill Wastes Preparation

The olive mill wastewaters (OMWW) and olive pomace (OP) used in this study were collected from a continuous chain oil mill (three phases centrifugal steps) located in the Grombalia city (North East of Tunisia). The OMWW were firstly homogenized and then kept in plastic cans at 4 °C until use. Before each experiment, OMWW sample was centrifuged for 10 minutes at 3500 rpm in order to remove the contained suspended solids. Afterwards, this sample was physico-chemically characterized by determining its basic parameters. Concerning the OP, they were firstly sieved through a series of mechanical sieves in order to remove large particles. Only the fraction with dimension smaller than 2 mm was retained and used in this study. The sieved OP were dried in the open air until an approximate constant weight and then physico-chemically characterized. Finally, they were afterwards stocked in hermetic bags for further use.

2.2.Impregnated Sample Preparation

The OP impregnation by OMWW was performed in batch mode. It consists in mixing 3.2 kg of OP with 8 L of OMWW using a magnetic stirrer "Yellow line OST Basic" under a stirring speed of 700 rpm and a contact time of 2 hours. This amount corresponds to a dose of 400 g of OP per litre of OMWW. The efficiency of this impregnation process on the retention of OMWW's organic matter and main ions by OP was assessed at the end of the impregnation experiment through tailored physico-chemical measurements.

2.3.Biofuel Production

The bio-oil production using pyrolysis technique was realized in a pyrolyzer pilot. This pyrolyzer contains a vertical tubular furnace (Figure 2). During biofuel production tests, 2 kg of the impregnated sample was positioned in the different drawers of the pyrolyzer (Figure 3). Then, N2 flow was injected constantly at ambient temperature during 30 min in order to remove residual oxygen. Afterwards, the temperature was increased at a range of 5 °C min -1 under N2 at a flow rate of 10 NL.min -1 until the desired value (500 °C). The sample was maintained during 2 h at 500 °C then cooled under nitrogen flow at a flow rate of 1 NL.min -1 . During the pyrolysis test, the emitted gases reached a condensing system formed by refrigerant connected to the liquid collector where they were cooled by circulating cold water in order to collect the recovered bio-oil. The Acid Value (AC) value of the impregnated olive mill solid waste bio-oil was determined by a pH meter pHM210, (Radiometer analytical, Villeurbanne, France) at 20 °C. The pH meter was calibrated with standard buffer solutions, with pH values of 3.00 and 10.00.

Bio-oil electrical conductivity was measured using CDM210 conductimeter (Radiometer analytical, Villeurbanne, France). Prior to conductivity test, the apparatus was calibrated with a NaCl buffer solution of 0.01M at a conductivity of 1015 µS/cm

The viscosity (both dynamic and kinematic) and density of the bio-oil was determined at 20 o C by using a viscometer Anton-Paar Stabinger 3000 (Austria) according to LST EN ISO 3104 and LST EN ISO 3675 standards.

A flash point was measured according to the standard ISO 2719:2013 by a closed cup FP93 5G2 Pensky-Martens analyzer (ISL, France).

Gas Chromatography-Mass Spectrometry (GC/MS) analysis

Chemicals and reagents

Reagents and standards were purchased from Sigma-Aldrich (St Quentin Fallavier, France) for methoxyamine hydrochloride, phenoxyacetic acid, ferulic acid and squalene, Alfa Aesar (by Thermo Fisher, Kandel, Germany) for anhydrous pyridine and MSTFA, Prolabo (Paris, France) for myristic and palmitic acid, Merck (Darmstadt, Germany) for linoleic acid, TCI (Paris , France) for oleic acid and Acros (by Fisher Scientific, Illkirch , France) for lignoceric acid. LC-MS grade MeOH was purchased from Fisher Scientific (Illkirch, France).

Derivatization

Bio-oil was diluted 100 times with MeOH and 30 µL of this sample was evaporated under vacuum after the addition of 50 µL of 10 µg/mL methanolic solution of phenoxyacetic acid as internal standard, used for retention time correction. Then, 20 μL of 30 mg.mL -1 methoxyamine hydrochloride in anhydrous pyridine were added and the sample was placed at 37 °C for 120 min under agitation at 600 rpm. After this time, 80 μL of N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) were added and the sample was incubated for 30 min at 37 °C and 600 rpm. The sample was allowed to rest for 60 min prior to GC-MS injection.

GC-MS Instrument conditions

1 µL of derivatized sample was injected into a GC-EI-MS system comprising of a AOC-20i Autoinjector, a Shimadzu GC-2010 gas chromatograph and a Shimadzu GCMS-QP2010 mass spectrometer (Shimadzu, Kyoto, Japan) with an electron impact (EI) ion source and quadrupole analyzer. The GC was operated in constant linear velocity mode (40.3 cm.s -1 ) with helium as a carrier gas. The MS was adjusted using perfluorotributylamine (PFTBA). A SGE Analytical Science BPX5 column (25 m long, 0.15 mm inner diameter, 0.25 μm film thickness) was used. The injection temperature in splitless mode was set at 310 °C, the MS transfer line at 330 °C, the ion source adjusted to 200 °C. Helium was used as the carrier gas at a flow rate of 0.97 mL.min -1 . The following temperature program was used : injection at 110 °C, hold for 4 min, followed by a 10.5 °C.min -1 oven temperature, ramp to 155 °C, then 11.5 °C.min -1 oven temperature, ramp to 350 °C and a final 6 min heating at 350 °C.

Peaks with an area superior to 100 000 were integrated and annotated. The unknown compounds were identified by comparing MS-spectra with the NIST mass spectral library NIST 05 with at least 80 % of similarity.

RESULTS AND DISCUSSION

3.1.Bio-oil Production

The established eco-friendly strategy for OMWW valorization aims to produce biofuels and biofertilizers (biochars). Therefore, the operating conditions of the impregnated samples pyrolysis were selected in order to obtain equivalent liquid fraction (bio-oil) and solid fraction (biochar) yields. Thus, based on previous investigations [START_REF] Haddad | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Biofertilizer[END_REF], a slow heating rate of 5°C/min and a temperature of 500°C allows the production of 34.4 wt.% of bio-oil and 36 wt. % of biochar. Such yields are typical for the slow pyrolysis of lignocellulosic biomass feedstocks.

The comparison of the obtained results with those reported in the literature for the slow pyrolysis of olive wastes shows closer bio-oil yields. In particular, Pütün et al. [START_REF] Pütün | Bio-oil from olive oil industry wastes: Pyrolysis of olive residue under different conditions[END_REF] studied the effect of final temperature during the olive residue pyrolysis at heating rate of 7 °C.min -1 . Authors showed that the bio-oil yield increased from 28.7 wt.% to 32.7 wt.% when the final pyrolysis temperature increased from 400 to 500 °C then decreased to 30.2 wt.% at 700°C.

Other scientists have obtained relatively similar bio-oil yields during the olive wastes pyrolysis although the operating conditions were extremely different (rapid and flash pyrolysis). As an example, Demirbas [START_REF] Demirbas | Producing bio-oil from olive cake by fast pyrolysis[END_REF] obtained bio-oil yields during olive cakes pyrolysis at 423 °C of 31.0 wt.%, 36.0 wt.% and 41.0 wt.% when applying heating rates of 10 °C/s, 20 °C/s, and 40 °C/s, respectively. Zabaniotou et al. [START_REF] Zabaniotou | Olive residues (cuttings and kernels) rapid pyrolysis product yields and kinetics[END_REF] showed that the bio-oil yields increased to a maximum value of ∼30 wt.% of dry biomass at about 450-550 °C during the pyrolysis of olive residues at heating rate of 200 °C/s.

The obtained value of bio-oil during this present study is amongst the highest one (36 wt.%). This value is attributed to the recovery of some organic compounds during OMWW impregnation on OP phase. This statement is confirmed during the pyrolysis of OP in the same operating conditions without impregnation with a bio-oil yield of 25.6 wt.%.

The gas yield during the pyrolysis process is obtained by calculation. The obtained value is 29.6 wt %. This value is the typical yield for the slow pyrolysis technique. During this study, the gas composition was not analyzed. However, several investigations showed that methane (CH4), CO and CO2 are the main products [START_REF] Demirbas | Producing bio-oil from olive cake by fast pyrolysis[END_REF][START_REF] Zabaniotou | Olive residues (cuttings and kernels) rapid pyrolysis product yields and kinetics[END_REF][START_REF] Pütün | Bio-oil from olive oil industry wastes: Pyrolysis of olive residue under different conditions[END_REF][START_REF] Uzun | Composition of products obtained via fast pyrolysis of olive-oil residue: Effect of pyrolysis temperature[END_REF]. The produced gas could be injected in the burner to provide the required heat for the pyrolysis process.

3.2.Bio-oil Properties

Table 1 shows the results of the analyses of the bio-oil produced from the slow pyrolysis of the impregnated OP by OMWW.

The elemental analysis shows that the obtained bio-oil presents high oxygen (28.9 wt.%) and water contents (15.6 wt.%). Thus, these properties do not allow its direct use as a fuel.

According to the EN 14214 standard, which describes the requirements for FAME (fatty acid methyl ester), the most common type of biodiesel, published by the European Committee of Standardization, the upper limit of water content should be less than 500 mg/kg (or 0.05 %) [START_REF] Rimkus | Research on the combustion, energy and emission parameters of diesel fuel and a biomass-to-liquid (BTL) fuel blend in a compression-ignition engine[END_REF][START_REF] Makarevičiene | Performance and emission characteristics of diesel fuel containing microalgae oil methyl esters[END_REF]. Another EN 590 standard for the automotive diesel fuels to be sold in the Europe Union is stricter regarding the properties of commercial diesel. The upper limit of water content should not exceed 200 mg/kg. Therefore, the pyrolysis oil should be upgraded by removing water and oxygen content, for instance by catalytic cracking, hydrodeoxygenation, reforming, esterification or supercritical fluids [START_REF] Gollakota | A review on the upgradation techniques of pyrolysis oil[END_REF]. The high contents of oxygen and water are responsible for the lower calorific value of the pyrolytic oil (23.7 MJ/kg) produced from the OMWW residues via slow pyrolysis. This is almost twice lower than that of the commercial diesel (~43 MJ/kg). Hadhoum et al. [START_REF] Hadhoum | Bio-oil recovery from olive mill wastewater in sub-/supercritical alcohol-water system[END_REF][START_REF] Hadhoum | Hydrothermal liquefaction of oil mill wastewater for bio-oil production in subcritical conditions[END_REF] investigated a direct thermochemical hydrothermal liquefaction of OMWW and obtained a HHV for the produced bio-oil in the range of 39.21-43.2 MJ/kg, which is twice the energy density of the pyrolytic oil obtained in this study. Uzun et al. [START_REF] Uzun | Composition of products obtained via fast pyrolysis of olive-oil residue: Effect of pyrolysis temperature[END_REF] investigated fast pyrolysis of olive oil residues and found that increasing the reaction temperature from 400 to 700 o C, the HHV of the produced bio-oil increased from 30 MJ/kg to 32 MJ/kg. It is important to underline that the water present in the pyrolytic oil does not only decrease the lower heating value but also affects the density, viscosity, the acid value, and corrosiveness [START_REF] Stedile | Comparison between physical properties and chemical composition of bio-oils derived from lignocellulose and triglyceride sources[END_REF]. In fact, one of the most important physical characteristics determining the usability of bio-oil is the AV value. According to the results (Table 1), the impregnated OP bio-oil AV was 3.81, laying within the range of values reported in literature for bio-oils produced from biomasses (2.90-5.64) [START_REF] Alvarez-Chavez | Physical, chemical, thermal and biological pre-treatment technologies in fast pyrolysis to maximize bio-oil quality: A critical review[END_REF][START_REF] Chukwuneke | Okolie Physico-chemical analysis of pyrolyzed bio-oil from swietenia macrophylla (mahogany) wood[END_REF]. This high acidity could be attributed to the release of long chain organic acids by reaction of deacetylation of cellulose and hemicellulose [START_REF] Thangalazhy-Gopakumar | Physiochemical properties of bio-oil produced at various temperatures from pine wood using an auger reactor[END_REF]. The use of this bio-oil presenting such low AV could be disadvantageous compared to other commercialized fuel sources as it could lead to the corrosion of pipelines and engine parts. The acid value of biooil could be modified by two methods, namely (i) by increasing the heating temperature during the pyrolysis process [START_REF] Haddad | Combined NMR structural characterization and thermogravimetric analyses for the assessment of the AAEM effect during lignocellulosic biomass pyrolysis[END_REF] and (ii) neutralization using alkali solutions such as NaOH and KOH [START_REF] Park | pH Neutralization of Aqueous Bio-Oil from Switchgrass Intermediate Pyrolysis Using Process Intensification Devices[END_REF].

The bio-oil electrical conductivity is 11.68 µS/cm. This value is in the same range as several available crude oils analysed in the literature [START_REF] Charin | Crude Oil Electrical Conductivity Measurements at High Temperatures: Introduction of Apparatus and Methodology[END_REF]. In addition, this electrical conductivity is also lower than values found in literature for bio-oil obtained during lignocellulosic biomass pyrolysis. Such behaviour is attributed to the low ash content. It confirms that the minerals initially present in the OMWW are trapped in the biochar. The latter could be used as a promising biofertilizer [START_REF] Haddad | Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Biofertilizer[END_REF].

The average density of the bio-oil was around 1024.5 kg/m 3 . This value is much higher than the density of diesel fuel 835 kg/m 3 . According to the EN 14214 and EN 950 standards, the density of biodiesel/diesel at 15 o C should be in the range of 860-900 kg/m 3 and 820-845 kg/m 3 , respectively. The average density of bio-oil derived from triacylglycerols is 856 kg/m 3 [START_REF] Stedile | Comparison between physical properties and chemical composition of bio-oils derived from lignocellulose and triglyceride sources[END_REF].

The obtained flash point of the produced bio-oil, representing the lowest temperature at which the fuel starts vaporize to form an ignitable mixture when it comes in contact with air, was 63.9 o C. The value is within the limits of the above mentioned European standards (EN 950, above 55 o C, EN 14214, >101 o C). The flash point of the bio-oil obtained from the OMWW during the hydrothermal liquefaction process reported in [START_REF] Stedile | Comparison between physical properties and chemical composition of bio-oils derived from lignocellulose and triglyceride sources[END_REF] was in the range of 82-117 o C.

The mean dynamic and kinematic viscosity at 20 o C of the bio-oil derived from the OMWW during slow pyrolysis was 2.76 mPa.s and 2.68 mm 2 /s, respectively. Therefore, it corresponds to the limits of the EN 950 standard which is between 2.00-4.5 mm 2 /s. Generally, the viscosity of a given bio-oil can vary within a large range depending on the biomass feedstock and pyrolysis process. However, the lower the viscosity, the better the pumping, atomization and finer droplets of fuel achieved. Several options to reduce the viscosity of the bio-oil can be used, such as its blending with diesel fuel, the use of catalyst or increase in temperature [START_REF] Ma | Upgrading of fast pyrolysis biooil to drop-in fuel over Ru catalysts[END_REF].

3.3.Bio-oil Composition

The analysis of GC-MS chromatogram shows that the bio-oil is principally constituted of lipids as can be seen in Figure 4a-d and Table 2. Free fatty acids (FFAs), in particular saturated fatty acids (SFA), but also some mono-and di-unsaturated compounds (MUFAs and DUFAs) are largely represented. Besides, some fatty acids are found under ester forms (glyceryl, methyl and ethyl). Some sterol derivatives like β-sitosterol and methyl ursolate were also found (Figure 3d). The more abundant lipids were palmitic acid (C16:0) and oleic acid (C18:1), and its methyl ester (Figure 4c).

The second more represented class of compounds is phenol derivatives, notably with benzene-1,2-diol (catechol), tyrosol, isoeugenol and homovanillic and ferulic acid (Figure 4b and Figure 5). Chemical compound composition of bio-oil obtained after the pyrolysis of olive wastes is very poorly described in literature. Pütün et al. [START_REF] Pütün | Bio-oil from olive oil industry wastes: Pyrolysis of olive residue under different conditions[END_REF] have checked the bio-oil content in small compounds after olive residue pyrolysis. Authors have analysed the composition of pentane fraction of the bio-oil by GC-MS. They found straight chain alkanes and alkenes with a range of carbons comprised between C10 and C28/C29. On the other hand, they determined the presence of phenolic compounds in bio-oil by 1 H NMR experiments, but not characterized more precisely.

As mentioned previously, few data are available on the composition of bio-oil obtained after the olive residue pyrolysis. However, data on olive oil composition or oil extracted from olive pomace (named pomace oil) could be found in literature [START_REF] Khadem | Antioxidant capacity, phenolic composition and physicochemical characteristics of whole olive stone oil extracted from different olive varieties grown in Iran[END_REF]. The lipid contents in the bio-oil obtained in the present study are similar to those obtained for pomace oil. Indeed, Khadem et al. [START_REF] Khadem | Antioxidant capacity, phenolic composition and physicochemical characteristics of whole olive stone oil extracted from different olive varieties grown in Iran[END_REF] described the presence in their pomace oil (called in the paper whole olive stone oil) of few FFA, MUFA, DUFA and some sterols like β-sitosterol, known as the more abundant sterol in olive oil [START_REF] Ranalli | Sterol and alcohol components of seed, pulp and whole olive fruit oils. Their use to characterise olive fruit variety by multivariates[END_REF]. Oleic acid is also the predominant fatty acid followed by linoleic, palmitic and stearic acid. However, the presence of ester is not mentioned since the authors determined FAs composition with a transesterification method due to the formation of fatty acid methyl ester (FAME). In this present study, the derivatization technique preserves the ester forms of FAs. Relatively same results for SFAs and UFAs with the same GC-MS technique were obtained by other groups, in waste pits [START_REF] Abdelrahmam | Gas chromatography-mass spectrometry analysis and in vitro biological studies on fixed oil isolated from the waste pits of two varieties of Olea europaea L[END_REF] or pulp, seed and whole olive fruit [START_REF] Ranalli | Acylglycerol and fatty acid components of pulp, seed, and whole olive fruits oils. Their use to characterize fruit variety by chemometrics[END_REF]. Thus, it seems that the slow pyrolysis preserves the lipidic content of OP and OMWW. Concerning the phenolic compounds, among the ones annotated using the NIST library with more than 80% of similarity, catechol, isoeugenol and homovanillic acid are known as compounds found in bio-oils of slow or fast pyrolysis of different kinds of wood or plant residues [START_REF] Hagner | Performance of liquids from slow pyrolysis and hydrothermal carbonization in plant protection[END_REF][START_REF] Kato | Chemical properties of bio-oils produced by fast pyrolysis of bamboo[END_REF][START_REF] Amini | Characterization of pyrolysis products from slow pyrolysis of live and dead vegetation native to the southern United State[END_REF][START_REF] Alèn | Formation of the main degradation compound groups from wood and its components during pyrolysis[END_REF]. These phenolics come from the decomposition of compounds obtained after lignin depolymerisation by pyrolysis [START_REF] Saiz-Jimenez | Pyrolysis-gas chromatography-mass spectrometry of isolated, synthetic and degraded lignins[END_REF].

Tyrosol, hydroxytyrosol, vanillic and ferulic acid are commonly encountered in different olive residues [START_REF] Ghanbari | Valuable nutrients and functional bioactives in different parts of olive (Olea europaea L.) -A review[END_REF][START_REF] Rodriguez | Olive stone an attractive source of bioactive and valuable compounds[END_REF]. During this GC/MS analysis, peaks that may correspond to hydroxytyrosol at 12.83 min and vanillic acid at 12.98 min were detected but only with 66% and 67% similarity with NIST library 

CONCLUSION

This study is based on an eco-friendly approach for the valorization of olive mill wastewater (OMWW) through agricultural water recovery and the production of biofuels and biofertilizers. Herein, the physico-chemical properties and the composition of bio-oil collected during the slow pyrolysis of OMWW impregnated olive pomace (OP) was investigated.

The bio-oil characterization shows that the electrical conductivity, the ash content, the viscosity and the flash point are close to values defined for commercial diesel. However, the lower energy content and the acidic character limit their direct use as biofuels. These values are attributed to the higher water and oxygen contents in the recovered bio-oil. The GC/MS analyses are in agreement with the obtained properties revealing a very high content in phenols and fatty acids as by-products of aromatic structure carbonization, which explains the high acidity of the bio-oil. Further studies concerning the upgrading of the bio-oil for possible commercial use are considered. Such bio-oil upgrading will help its recovery and therefore make the developed strategy of OMWW treatment economically viable.
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 1 Figure 1. An Eco-Friendly Strategy for OMWW conversion to green fuels, agricultural water source and bio-fertilizer [8-10].
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 2 Figure 2. Axial plane of the used pyrolyzer

Figure 3 .

 3 Figure 3. Impregnated Sample in the pyrolyzer drawers 2.4.Bio-oil Characterization 2.4.1. Bio-oil Physico-chemical Properties A fuel elements analyser Flash 2000 (The Netherlands), a fuel calorimeter IKA C5000 (Germany) and a thermogravimeter TGA 4000 coupled with a gas chromatograph Clarus 680 and a mass spectrometer Clarus 600T (USA) were used for proximate and ultimate analysis of the bio-oil according to standards LST EN ISO 16948:2015, LST EN ISO 16994:2016.

Figure 4 .

 4 Figure 4. GC-MS Chromatogram (TIC : Total Ion Current) of the produced bio-oil from the slow pyrolysis of impregnated OP with OMWW. (a) All chromatogram. (b) Zoom between 3.5 and 15.4 min. (c) Zoom between 15.4 and 17.3 min. (d) Zoom between 17.3 and 25 min.

Table 1 .

 1 Main physico-chemical properties of the produced bio-oil

Ultimate analysis (wt.%) Proximate analysis (wt.%)

  

	Carbon, %	60.5	Ash, %	0.02
	Hydrogen, %	8.5	Water, %	15.6
	Nitrogen, % Sulphur, %	2.0 0.04	Energy Contents	
	Oxygen, %	28.9	HHV, MJ/kg	26.0
	Chlorine, %	0.005	LHV, MJ/kg	23.7
	Conductivity, µS/cm	11.68	Acid Value, AV	3.81
	Density, kg/m 3	1024.5	Flash point, o C	63.9
	Kinematic viscosity, mm 2 /s	2.68	Dynamic viscosity, mPa s	2.76

Table 2 .
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	3.00	(x1,000,000) TIC											
	2.50 2.75											Monoolein				
	2.25															
	2.00															
	0.50 0.75 1.00 1.25 1.50 1.75	Fatty acid C18:2	Fatty acid C18:2	Fatty acid C18:2	Fatty acid C18:2	Arachidic acid methyl ester	11-Eicosenoic acid (C20:1)	Arachidic acid (C20:0)		Monopalmitin	Behenic acid (C22:0)	Monostearin	Squalene	Lignoceric acid (C24:0)			Beta-sitosterol 3-acetate	Ursolic acid, methyl ester	Beta-sitosterol
	0.25															
			17.5		18.0	18.5	19.0	19.5	20.0	20.5	21.0	21.5	22.0	22.5	23.0	23.5	24.0	24.5	25.0
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