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Introduction

Olive oil is now knowing an ever more pronounced infatuation around the world for its countless virtues. To meet this increased demand, the oleic industry has flourished, especially in the Mediterranean basin region. But, these countries have to cope with huge amounts of generated by-products such as olive mill wastewaters (OMWW) and olive mill solid wastes (OMSW), mainly composed of olive pits (Pi) and olive pomace (Po). Indeed, these materials are extremely pollutant and cause nocive effects unless they are conveniently treated or better still, recovered. Fortunately, different valorization routes are being continuously investigated. For instance, OMSW were used in the petrochemical and refining industries as the main chemical feedstock for cosmetics abrasive, activated carbon, biosorbent, furfural production, etc. [START_REF] Azbar | A Review of Waste Management Options in Olive Oil Production[END_REF][START_REF] Khiari | Dynamics and kinetics of cupric ion removal from wastewaters by Tunisian solid crude olive-oilwaste[END_REF]. They could also be branded as renewable sources of energy [START_REF] Christoforou | A review of olive mill solid wastes to energy utilization techniques[END_REF][START_REF] Bartocci | Pyrolysis of Olive Stone for Energy Purposes[END_REF][START_REF] Mata-Sánchez | Development of olive stone quality system based on biofuel energetic parameters study[END_REF]. Indeed, it is well known that biomass energetic valorization is possible during different thermochemical conversion processes such as combustion [START_REF] Elorf | Excess air ratio effects on flow and combustion caracteristics of pulverized biomass (olive cake)[END_REF], pyrolysis [START_REF] García | Characterization and modeling of pyrolysis of the two-phase olive mill solid waste[END_REF][START_REF] Volpe | Assessment of olive wastes as energy source: pyrolysis, torrefaction and the key role of H loss in thermal breakdown[END_REF][START_REF] Gagliano | Effectiveness of thermodynamic adaptive equilibrium models for modeling the pyrolysis process[END_REF] and gasification [START_REF] Lajili | Fast pyrolysis and steam gasification of pellets prepared from olive oil mill residues[END_REF][START_REF] Ducom | Comparative analyses of three olive mill solid residues from different countries and processes for energy recovery by gasification[END_REF][START_REF] Gagliano | Evaluation of the performance of a small biomass gasifier and micro-CHP plant for agro-industrial firms[END_REF]. As such, OMSW were often reported as interesting biofuels, showing high combustion characteristics, thanks mainly to their high energetic content (17 MJ/kg). The olive pits and pomace were either used as such after natural solar drying to feed traditional furnaces and combustion chambers [START_REF] Stover | Direct use of biomass powder in internal combustion engines[END_REF] or densified in the form of pellets, briquettes or logs to be used in boilers, fixed beds, and stoves [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF][START_REF] Khlifi | Investigation of the combustion characteristics of briquettes prepared from olive mill solid waste blended with and without a natural binder in a fixed bed reactor[END_REF].

In a recent work [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF], the combustion of pellets made of olive pits using a counter-current fixed bed reactor showed many advantages in comparison with wood pellets. The gaseous O2, CO2, CO, H2O (steam), Corg (organic carbon), SO2 and NOx (NO + N2O) were emitted in acceptable concentrations according to the European standards FprEN 303-5 [START_REF] Schmidl | European Wood-Heating Technology Survay: An Overview of Combustion Principles and the Energy and Emissions Performances Characteristics of Commercially Available Systems in Austria[END_REF][START_REF] Carvallo | Performance of a pellet boiler fired with agricultural fuels[END_REF].

To enhance combustion efficiency while being coherent with the context of environmentalfriendly approaches, olive pits and pomace could be blended with woody biomass [START_REF] Lajili | Physico-chemical properties and thermal degradation characteristics of agropellets from olive mill by-products/sawdust blends[END_REF][START_REF] Barbanera | Characterization of pellets from mixing olive pomace and olive tree pruning[END_REF][START_REF] Miranda | Characterization and combustion of olive pomace and forest residue pellets[END_REF].

Such mixture would achieve high-quality pellets with more suitable characteristics [START_REF] Khlifi | Investigation of the combustion characteristics of briquettes prepared from olive mill solid waste blended with and without a natural binder in a fixed bed reactor[END_REF][START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF][START_REF] Gil | Mechanical durability and combustion characteristics of pellets from biomass blends[END_REF][START_REF] Heschel | Abatement of emissions in small-scale combustors through utilisation of blended pellet fuels[END_REF], decrease the ash content [START_REF] Miranda | A Review of Pellets from Different Sources[END_REF], reduce notably CO, NOx and SO2 emissions [START_REF] Gil | Mechanical durability and combustion characteristics of pellets from biomass blends[END_REF] and in the wake slow down forest logging [START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF].

In this context, many mixtures of oleic by-products with woody biomass such as pine sawdust were investigated to produce pellets used to feed small powered boilers (< 50 kW). Results showed that these alternative solid fuels are efficient and exhibit low gaseous emissions [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF][START_REF] Maxwell | Emissions from the combustion of torrefied and raw biomass fuels in a domestic heating stove[END_REF]. Lajili et al. [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF] have shown that the gaseous emissions of CO, CO2, CxHy, and NOx when using an 8-12 kW domestic boiler remained acceptable by comparison to the En 303-5 normalization. Miranda et al. [START_REF] Miranda | Characterization and combustion of olive pomace and forest residue pellets[END_REF] have analyzed the emissions during the forest residues-olive pomace pellets combustion in a pellet stove (5.8 kW). The authors then showed that the mixture pellets produce higher CO when the blending process exceeds 50% of olive pomace.

In this study, the behavior of four different samples, involving olive pits and olive pomace mixed or not with woodchips and sawdust, is examined during their combustion in a 40 kW counter-current fixed bed reactor. Data such as bed temperature, reaction front position, specific heat release, reaction front velocity, mass conversion rate, and ignition rate are determined and compared to previous works [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF][START_REF] Porteiro | Experimental analysis of the ignition front propagation of several biomass fuels in a fixed-bed combustor[END_REF]. Ultimately, the conclusions would serve to extend the study up to the industrial scale.

Materials and methods

Biofuels preparation and characterization

The olive pomace (Po) and olive pits (Pi) used in this study were provided by "Zouila Company", located in the vicinity of Mahdia city (Tunisia) while the wood chips (WC) and the sawdust (S) were collected from Germany (Karlsruhe city).

Four different samples were prepared: (i) pellets made of 50% Po and 50% S, indicated by (50Po-50S)pel (ii) pellets made of 50% Pi and 50% S, indicated by (50Pi-50S)pel (iii) raw grained material made of 50% Pi and 50% WC, indicated by (50Pi-50WC)raw (iv) raw powder of 100% Pi, indicated by (100Pi)raw Based on our previous works in which we tested different percentages blends of olive mill solid wastes and pine sawdust, we concluded that we can't exceed 50% of olive mill solid waste due to the ash content restriction [START_REF] Lajili | Physico-chemical properties and thermal degradation characteristics of agropellets from olive mill by-products/sawdust blends[END_REF]. Moreover, this type of blend (50-50%) decreases at maximum the pressure on woody biomass exploitation which yields to the decrease of forest uncontrolled harvesting worldwide.

The pelletization operating conditions are displayed in Table 1 and were carried out in agreement with the procedure of Serrano et al [START_REF] Serrano | Effect of moisture content, particle size and pine addition on quality parameters of barley straw pellets[END_REF]. For all samples, the moisture content is at a low level after solar drying. The moisture loss after the pelletizing step is mainly due to the evaporation process. More details can be found in our previous work [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF].

Table 1. Operating pelletization conditions

The characterization of these biofuels was carried out at the Chemical and Microbiological Institute UEG GmbH (Germany). Moisture content was determined according to the UNI EN 14774:2009 standard while the ash contents were determined by applying the UNI EN 14775:2010 analytical method, using a muffle furnace heated at 815 ºC. The ultimate analysis was carried out, following the UNI EN 15104:2011 standard. The gross calorific value also called of High Heating Value (HHV), from which it is possible to calculate the Low Heating Value (LHV) by subtraction the steam latent heat, and Energy Density (ED), were calculated using equations (1-3) [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF][START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF]

: = 0.3536 + 0.1559 -0.0078 ℎ (1) = - % + % (2) 
ED = " #$ . LHV (3) 
where, " #$ is the bulk density, M is the moisture, H is Hydrogen content, FC is the Fixed Carbon content and VM is Volatile Matter.

Combustion tests

As it is illustrated in Figure 1, the used experimental plant is composed of three main components: (1) the combustion chamber containing the fixed bed, the freeboard zone and Its total volume is 10 liters. Thirteen K-type thermocouples were arranged all along the combustor axis at intervals of 20 mm for bed temperature measurements (Figure 2). A more detailed description of this experimental device was reported in our previous papers [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF][START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF][START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF][START_REF] Romero | Characterization of biomass ashes produced at different temperatures from olive-oil-industry and greenhouse vegetable wastes[END_REF].

The reactor was fed consecutively by 5.75 kg of (100Pi)raw, 2.99 kg of (50Pi-50WC)raw, 5.25 kg of (50Po-50S)pel and 4.98kg of (50Pi-50S)pel. The primary specific airflow was 310 kg/(h.m²) at ambient temperature (Tin = 25°C). This airflow is calculated on the surface area cross section of air input equal to about 0.032 m 2 .

Figure2. A schematic view of the used experimental device

During the combustion tests, characteristic numbers such as the reaction front velocity (uRF), the mass conversion rate (MCR), the ignition rate (IR) and the specific heat release rate (HR) were determined as follows [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF][START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF]:

( )* = +, +- (mm/min) (4) 
. = /0 12 314,5

(kg.m -2 .s -1 ) (5)
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In these equations, h is the bed height [mm], 80 is the mass loss rate [kg/s], A is fuel bed cross section [m²], " # is the bulk density of the fuel [kg/m 3 ].

These characteristic numbers are scale-independent and can, therefore, be useful when extending this type of study to the industry field.

When realizing energy recovery using biofuels, it is always necessary to calculate the combustion and the boiler efficiencies. In our case, the fixed bed reactor efficiency, after being equipped by a water recovery system, can be calculated as it has been done by Gehrmann et al. [START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF], especially since it is the same used plant. Indeed, for assessing the effects of the addition of solid recovered fuels to biomass and the influence of a decreasing primary air temperature on the system efficiency Gehrmann et al. [START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF] proposed a simple expression of efficiency like Carnot's formula in this case of a heat boiler generating steam:

9 *# ≈ 1 - ; <= ; >? (8) 
Where @ *A is the boiler outlet temperature (K) and @ 1+ is the adiabatic combustion temperature (K). It is to be highlighted that in eq.8, @ 1+ should be determined from the energy balance by taking it as a function of; λ, fuel/air ratio (kg air/kg fuel) as minimum air demand, air temperature and inlet fuel temperature respectively [START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF].

Results and discussion:

Samples characterization

Table 2 summarizes the ultimate and the proximate analyses of the different samples. The equivalent formula of each sample is then determined. The ash values for all samples are smaller than 5% d. b., which is under the EN 303-5

normalization. These values remain inferior to those reported in the literature [START_REF] Romero | Characterization of biomass ashes produced at different temperatures from olive-oil-industry and greenhouse vegetable wastes[END_REF]. Besides, except for (100Po)pel, nitrogen content, which is responsible for the nitrogen oxide (NOx) releasing during the combustion, is always less than 1%. Moreover, SOx emissions are expected to be negligible regarding the low contents of sulfur in the samples (< 0.1%). The low heating value LHV, the bulk density BD, the energy density and the durability Du values are presented in Table 3. The durability is the percentage of the material remaining in a fuel pellet before and after some specific mechanical tests. It affects directly the transport efficiency and storage operation [START_REF] Whittaker | Factors affecting wood, energy grass and straw pellet durability -A review[END_REF]. Durability tests should be conducted conformingly to CEN/TS 15210-1 (or 2) standards. This consists at exposing 500g pellets to controlled collisions against each other and versus walls of gyratory chamber turning at about 50 rpm during 500 rotations. The durability is estimated by measuring the mass of remaining pellets after elimination of abraded and fine released particles [START_REF] Carone | Influence of process parameters and biomass characteristics on the durability of pellets from the pruning residues of Olea europaea L[END_REF] Table 3 exhibits values of durability smaller than 97.5% which is the required standard norm. In order to resolve this shortcoming, it is recommended the use of a binder agent like corn starch during biofuel briquetting under a high pressure as it is realized in a recent work [START_REF] Khlifi | Briquettes Production from Olive Mill Waste under Optimal Temperature and Pressure Conditions: Physico-Chemical and Mechanical Characterization[END_REF].

The LHV values and the energy densities of the olive pomace and the olive pits when blended in pellets with sawdust are higher than those of 100% sawdust pellets but decreased in comparison with pellets made of 100% pomace and pits respectively because of the low bulk density of pine sawdust. However, their durability was enhanced, especially for pits. It is to be recalled that biomass used in previous work [START_REF] Lajili | Physico-chemical properties and thermal degradation characteristics of agropellets from olive mill by-products/sawdust blends[END_REF] was composed by a mixture of pits, pomace and about 4% of residual oil. 

Bed temperature

The combustion process progresses in the bed with three distinct steps: the moisture evaporation, volatile gas release and combustion and, the char residual oxidation and gasification.

Figure 2 shows the temperature evolution all along the reactor axis at various heights during the combustion process for the different pellets. Since the reactor is counter-current, the propagation of the reaction front is observed from the upper to the bottom of the bed reactor [START_REF] Thunman | Co-current and counter-current fixed bed combustion of biofuel-a comparison☆[END_REF]. More precisely, the bed surface slowly heats up, as the bed temperature rises and gets drier. The surface bed ignites due to the incident radiation and, the reaction front reaches the bed bottom between 10 and 35 min. The residual char oxidation zone is marked by a maximum value of temperature [START_REF] Porteiro | Study of the reaction front thickness in a counter-current fixed-bed combustor of a pelletised biomass[END_REF], which varies from one sample to another (1075 °C for (50Po-50S)pel, 990 °C for (50Pi-50S)pel, 700 °C for (50Pi-50WC)raw and 800°C for (100Pi)raw). These values are lower than those reported in some previous works (1200 °C for olive pomace pellets, 1090 °C for olive pits pellets, 1050 °C for wood pellets and 1000°C for wood chips [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF][START_REF] Schmidl | European Wood-Heating Technology Survay: An Overview of Combustion Principles and the Energy and Emissions Performances Characteristics of Commercially Available Systems in Austria[END_REF]. The lowest temperatures may be due to the fast convective cooling phenomenon [START_REF] Porteiro | Study of the reaction front thickness in a counter-current fixed-bed combustor of a pelletised biomass[END_REF], but the discrepancies are more probably attributed to the differences in the relative HHV. Mixtures of samples containing sawdust or wood chips are subject to a notable decrease in the maximum combustion temperature. This assumption can be explained by the heat radiative absorption of some gases molecules characterized by high absorption coefficient and present in the medium with important concentrations; H2O, CO and CO2 respectively. 

However, this crucial parameter is calculated in this study using a more refined expression including the gas concentrations species [START_REF] Kolb | Characterization of combustion behaviour of refuse derived fuel[END_REF]: It is worth noting that the O2 is the only gas detected at the beginning of the test due to the injection of the primary air and, tends to a fluctuating small percentage when the combustion in the second zone is triggered. In this stage, the fuel bed began drying. The water steam (H2O) was yielded and affected the medium by its radiative absorption property. This property complies with other factors that make the maximum temperature decrease as it was shown in Figure 2. Moreover, in the main combustion zone (i.e. between 2.5 and 48 min), the concentrations of CO, CO2, Corganic, and H2O increased up to a maximum value, before dropping and fluctuating. This period is also called the quasistationary combustion zone [START_REF] Porteiro | Study of the reaction front thickness in a counter-current fixed-bed combustor of a pelletised biomass[END_REF] and marks the combustion of the residual char. This observation may be attributed to the non-optimal distribution of the primary and secondary air, and to the low ash melting temperature which causes their agglomeration at the bottom of the bed [START_REF] Steer | Biomass co-firing trials on a down-fired utility boiler[END_REF]. Consequently, the injection of the primary air can be obstructed causing incomplete combustion which explains the increase in certain gaseous emissions [START_REF] Roy | An experimental study of combustion and emissions of biomass pellets in a prototype pellet furnace[END_REF]. More precisely, the CO2 concentration for the (50Pi-50WC)raw is higher than that of (100Pi)raw (19.1% versus 16.1%). Similarly, CO2 concentration is higher for (50Po-50S)pel than for (50Pi-50S)pel (17.75% versus 16.82%). All these values are greater than CO2 emitted by pomace pellets (13%) [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF], pits pellets (11%) [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF], wood pellets (13.5%) [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF] and wood chips (15.5%) [START_REF] Lajili | Performance of a household boiler fed with agropellets blended from olive mill solid waste and pine sawdust[END_REF]. In contrast, CO concentrations are all smaller compared to the samples of the above references. The fuel conversion process ended after about 25-70 min depending on the sample.
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Gas emissions in the post-combustion zone

Figure 4 illustrates the evolution of gaseous emissions such as CO2, CO, and O2 as a function of the time in the post-combustion chamber (Zone II). Sulfur dioxide (SO2), nitrogen oxides (NOx) and nitrous oxide (N2O) were also followed and are expressed in mg/Nm 3 .

Figure 4. Gaseous emissions in the post-combustion chamber

One can see that NOx emissions are much higher in comparison with SO2 emissions. This result is predictable regarding the low content of sulfur in all samples. Moreover, the (100Pi)raw sample released the highest NOx with 820 mg/Nm 3 against 650 mg/Nm 3 for (50Po-50S)pel and 500 mg/Nm 3 for (50Pi-50S)pel. This result is expected, given the nitrogen content in each of these samples. In comparison with our previous work [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF], raw olive pits released more NOx than when densified in the form of pellets (820 versus 750 mg/Nm 3 ), but still less than the olive pomace (893 mg/Nm 3 ). In general, blending olive pomace and olive pits with pine sawdust and/or woodchips in a 50-50 mixture decreases NOx, which was also reported in dedicated literature [START_REF] Heschel | Abatement of emissions in small-scale combustors through utilisation of blended pellet fuels[END_REF]. The reduction in bed temperature, as shown in Figure 2, has also probably a positive effect on lowering NOx emissions [START_REF] Ren | Carbon, sulfur and nitrogen oxide emissions from combustion of pulverized raw and torrefied biomass[END_REF]. , it is possible to express all gas concentrations in mg/Nm 3 as it is consigned in Table 5.

Regarding the European standards (EN 303-5) obtained values of SO2 are acceptable for all samples and those for NOx are also acceptable except (100Pi)raw. Moreover, even though concentrations of CO are found higher than the standard value (500 ppm or 625 mg/Nm 3 ), they are lower than concentrations found by Limousy et al. [START_REF] Limousy | Gaseous products and particulate matter emissions of biomass residential boiler fired with spent coffee grounds pellets[END_REF] and of the same magnitude or lower than values found recently by Nosek et al. [START_REF] Nosek | Energy Utilization of Spent Coffee Grounds in the form of Pellets[END_REF]. 

Mass loss and characteristic parameters

Mass loss curves and combustion characteristic numbers are presented in Figure 5 and Table 6 respectively. The ignition rate (IR) describes the quantity of fuel ignited per unit surface area and time due to the movement of the reaction front. The IR can be used as a scale-up parameter to industrial facilities and to estimate when the reaction front reaches the bottom of the fuel bed indicating the end of the combustion process. In addition, the heat release rate HR is determined as the product of the calorific value and the mass conversion rate according to (eq.7). More precisely, the specific heat release in the main combustion zone I (HR I) is calculated using the MCR I and the higher heating value of the fuel. Also, in the char residual oxidation phase, the heat release rate named (HR II) is obtained when multiplying MCR II by the higher heating value of the residual char (coke).

It is to be highlighted that the HHV of the coke can be calculated according to the following correlation [START_REF] Ahmaruzzaman | Proximate analysis and predicting HHV of chars obtained from cocracking of petroleum vacuum residue with coal, plastics and biomass[END_REF][START_REF] Vargas-Moreno | A review of the mathematical models for predicting the heating value of Biomass materials[END_REF]:

HHVcoke= 19.6 ycoke + 14.119 [MJ/kg] ( 11 
)
Where yCcoke is the mass fraction of carbon in the coke, which is approximately 0.85 for lignocellulosic biomass coke [START_REF] Vargas-Moreno | A review of the mathematical models for predicting the heating value of Biomass materials[END_REF][START_REF] González | Combustion optimisation of biomass residue pellets for domestic heating with a mural boiler[END_REF]. Then HHV coke is ≈ 30.8 MJ/kg. The results collected in Table 4 show also some benefits when pelletizing and when blending olive pomace and olive pits with pine sawdust, in terms of mass conversion rate, notably in the freeboard zone and in terms of ignition rate. The efficiency lFB also increased with the pelletized mixtures, the highest one being recorded for the (50Po-50S)pel sample (79.8%), which is in the same order than wood pellets (79%). It was proved in previous works when using the ökofen automatic boiler (8-12 kW) fed with some types of pellets that the combustion efficiency exceeds 90% [START_REF] Lajili | Physico-chemical properties and thermal degradation characteristics of agropellets from olive mill by-products/sawdust blends[END_REF][START_REF] Miranda | Characterization and combustion of olive pomace and forest residue pellets[END_REF][START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF][START_REF] González | Combustion optimisation of biomass residue pellets for domestic heating with a mural boiler[END_REF].

It is to be concluded that the 50-50 mixture of olive pomace or pits with sawdust/woodchips leads to a more homogenous combustion and higher energy efficiency.

Besides, Figure 6 shows better the variation of the reaction front positions versus time. The curve could be fitted linearly with a good approximation. This confirms again that the flame shows a steady and uniform propagation. More precisely, the raw olive pits sample exhibited a reaction front velocity of approximately 4.87 mm/min while it was 5.06 mm/min for the pelletized pits. The 100% pomace pellet sample reaction front velocity was only 4 mm/min. For wood pellets [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF] and woodchips [START_REF] Lajili | Physico-chemical properties and thermal degradation characteristics of agropellets from olive mill by-products/sawdust blends[END_REF], this parameter was 5.33 mm/min and 18.5 mm/min respectively. All these values were calculated with a regression factor (R²) higher than 0.9. 

Gas emissions in partial oxidation

Tests of partial oxidation (10% and 13% O2) of olive pomace and olive pits blended with sawdust in pellets were carried out in the combustor. Gaseous emissions of (50Po-50S)pel and (50Pi-50S)pel within the primary and the secondary combustion chamber are measured and compared to other pellets partial combustion reported in the literature and gathered in Table 7. Also, a graphical comparison was realized in Figure 7a and Figure 7b in order to show better emissions of tested samples in the primary combustion chamber and in the secondary combustion chamber at two oxygen references. Hence, in order to justify the comparison, all results were converted at 10% and 13% of O2 using the following expression:

m n o ,qrs = m n o ,/rt4 u 3Rn o U POv u 3Rn o U NOEJ (12) 
where, X is the gas concentration at the fixed oxygen ratio (XO2,ref) and measured during the experiment (XO2,meas) .

It was observed that gaseous emissions obtained in this work are in the same order of magnitude as what was reported, especially for the lignocellulosic biomass. As an example, the concentrations of nitrogen oxides (N2O+NO) emitted out from our two pellets at the post-combustion chamber were 103 and 82 ppm at 10% of O2 respectively, which is close to the 113 ppm obtained with the standards wood pellets. Moreover, Limousy et al. [START_REF] Limousy | Gaseous products and particulate matter emissions of biomass residential boiler fired with spent coffee grounds pellets[END_REF] stated that NOx decreased during the combustion, in a 12 kW household boiler, of pellets made of 50% of grounded spent coffee and 50% pine sawdust (50SPG-50S)pel.

Furthermore, they observed that NOx values varied from 206 ppm for the 100% SCG to 201 ppm for (50SPG-50S)pel at 13%O2, which is higher compared to the same molecules emitted by (50Po-50S)pel and (50Pi-50S)pel for the same oxidizing atmosphere (75 and 59 ppm respectively). Nevertheless, our results are more comparable to pellets made of tomato wastes and grape marc blended with sawdust ((50TW-50S)pel and (50GM-50S)pel respectively) [START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF], and for the olive pits and the olive pomace pellets ((100Po)pel and (100Pi)pel respectively) [START_REF] Mami | Investigation of the olive mill solid wastes pellets combustion in a counter-current fixed bed reactor[END_REF]. As for SO2, as it was expected, the emissions don't exceed 15 ppm whatever is the O2 ratio. These values remain much lower than the 82 ppm recorded for the (50TW-50S)pel and the 44 ppm for the (50GM-50S)pel at 10% of O2 [START_REF] Kraiem | Energy recovery from Tunisian agri-food wastes: Evaluation of combustion performance and emissions characteristics of green pellets prepared from tomato residues and grape marc[END_REF]. SO2 and NOx emissions are in all cases negligible compared to 0-4000ppm for NO, 0-1000ppm for N2O and 0-500 ppm for SO2) at 10% O2 [START_REF] Gehrmann | Synergies Between Biomass and Solid Recovered Fuel in Energy Conversion Processes[END_REF]. 

Conclusion

In this paper, four sample types involving olive pomace and olive pits, in their raw form or blended with pine sawdust or wood chips in the form of pellets, were degraded in a counter-current fixed bed reactor. Three distinct phases during the combustion process were observed: the ignition delay time, the quasi-stationary combustion zone and the remaining char combustion. Scale independent numbers characterizing the whole combustion process such as the mass conversion rate, the ignition rate, and the reaction front velocity were determined. Gaseous emissions were also analyzed and measured, both in the primary chamber and in the post-combustion chamber. In comparison with our previous papers as well as with other testes biofuels, obtained results in this study, show a notable improvement as the combustion process was more homogenous and, the ashes on one hand and NOx on the other hand decreased. In compliance with the highest European standards, this work poses the first steps to use the tested mixtures as alternative biofuels which can be exploited either for household activities or in industrial plants for clean energy production.
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 243 Figure 2. Fuel bed temperature at different heights Table4exhibits the recapitulation of the main bed temperature points and the ignition time for the 4 tested samples. It is to be highlighted that the highest reached maximum temperature and the highest ignition time were reached with the (50Pi-50WC)pel, whereas, the lowest maximum temperature and the lowest ignition time were exhibited by the (50Po-50S)pel. The ignition time can be determined be the inflection point when examining the temperature profile corresponding to each thermocouple. It can be concluded that after moisture evaporation the process can be divided into 2 phases: The first stage is marked by the release of volatiles and its combustion called main combustion zone, and then the second stage corresponding to the char residual combustion.
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 3 Figure 3. Gaseous emissions evolution in the freeboard zone

Figure 5 .

 5 Figure 5. Mass loss evolution versus the time

Figure 6 .

 6 Figure 6.Reaction front positions

  Mill Solid Waste, EOMSW: Exhaust Olive Mill Solid Waste, S: pine sawdust, TW: Tomato Waste, GM: Grape Marc, n. d.: non-determined 1: In the primary combustion chamber 2: In the secondary combustion chamber

Figure 7a .

 7a Figure 7a.Gaseous emissions at the combustion chamber for the (50Po-50S)pel and (50Pi-50S)pel

  

  

  

Pellet (50Po-50S)pel (this work) (50Pi-50S)pel (this work) (100Po)pel [14] (100Pi)pel [14] Pelletizing temperature (°C)

  

		74-82	74-89	60	50
	Biomass moisture (%wb)	14.09	14.79	14.7	15.3
	Pellet moisture (%wb)	11.28	11	12.4	13.7
	%wb: wet basis				

Table 2 .

 2 Ultimate

	Sample	Equivalent		Ultimate analysis		Proximate analysis
		formula	C	H	O	N	S	Ash	FC	VM
	(50Po-50S)pel	CH1.46O0.7N0.013	48.28 5.90 45.07 0.75 <0.1 1.70	21	77.3
	(50Pi-50S)pel	CH1.68O0.79N0.006	45.50 6.35 47.80 0.35 <0.1 1.20	20.50 78.8
	(100S)pel [19]	CH1.4O0.63N0.002	46.3 5.40 39.4 0.11 0.022 0.30	24.30 75.40
	(50OW-50S)pel [19] CH1.41O0.7N0.012	48.33 5.71 45.31 0.68 0.05 1.97	16.23 70.50
	(100Po)pel [16]	CH1.3O0.57N0.021	49.5 5.40 43.7 1.3	<0.1 2.90	17.50 79.40
	(100Pi)pel [16]	CH1.65O0.74N0.011	46.5 6.30 46.6 0.5	<0.1 1.90	15.70 82.40

and proximate analysis (%db) and Equivalent formula (db.af) db: dry basis; db.af: dry basis and ash-free; OW: olive waste (Pi+Po)

Table 3 .

 3 Energy contents of the pellet samples

	Sample	LHV (MJ.kg -1 )	BD (kg.m -3 )	ED (GJ.m -3 )	Du

Table 5

 5 

	below summarizes the gaseous emissions in both freeboard zone (Zone I) and post-
	combustion chamber (Zone II). Knowing that: 1vol. %-wet = 10000 ppm, and

Table 5 . Recapitulation of gas emissions in Zone I and Zone II.

 5 

	Samples	(50Po-50S)pel	(50Pi-50S)pel	(50Pi-50WC)raw (100Pi)raw	Standards value
	CO2 [mg/Nm 3 ]	3486.6	3303.9	3751.7	3162.5	(European Norms)
	CO [mg/Nm 3 ]	2756.3	2387.5	1263.7	2125.0	2500 (class1)-4500
						(class 2) and 12500
						(class 3) [42]
	SO2 [mg/Nm 3 ]	99.57	98.5	15	22.3	200 [43, 44]
	NOX [mg/Nm 3 ]	650	500	600	820	500-650 [43, 44]

Table 6 .

 6 Combustion characteristic numbers

	Sample	(100Pi)raw	(50Pi-50	(50Po-	(50Pi-	WC	(100Pi)pel	(100P)pel	(100S)pel
			WC)raw	50S)pel	50S)pel	[17]	[16]	[16]	[16]
	MCRI [kg/m²•s]	0.042	0.045	0.047	0.052	0.047	0.049	0.040	0.050
	MCRII [kg/m²•s]	0.004	0.006	0.004	0.006	0.007	0.006	0.005	0.003

Table 7 .

 7 Emissions values corrected at (a) 10% of O2 and (b) 13% of O2

	Samples	O2	CO2	H2O	CO 1	CO 2 (ppm) NOx	NO2	NO	SO2
		(%)	(%)	(%)	(%)		(ppm)	(pmm)	(ppm)	(ppm)
	(50Po-50S) pel	11	9.47 10.52	11.04 a) 34	a)103 n.d.	n.d.	a) 14
						b) 25	b) 75	n.d.	n.d.	b) 10
	(50Pi-50S)pel	10.53 8.65 10.8	10.26 a) 8	a) 82	n.d.	n.d.	a) 15
						b) 6	b) 59	n.d.	n.d.	b) 11
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