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Introduction

Our current way of life and the constant increase in population make energy one of the main necessities of the modern world [START_REF] Mortensen | A review of catalytic upgrading of bio-oil to engine fuels[END_REF]. Fossil resources are being depleted and will be economically unviable soon, so there is an urgent need to develop renewable energy to replace fossil fuels derived from oil. Biomass, the only renewable resource of organic carbon in nature, is a response to petroleum substitution [START_REF] Ragauskas | The path forward for biofuels and biomaterials[END_REF][START_REF] Hoffert | Advanced technology paths to global climate stability : Energy for a greenhouse planet[END_REF]. Among the components of biomass, lignocellulose is the most abundant with a production of ~170 billion metric tons per year [START_REF] Li | Catalytic transformation of lignin for the production of chemicals and fuels[END_REF][START_REF] Chang | Fundamental factors affecting biomass enzymatic reactivity[END_REF]. The different sources of lignocellulosic biomass are agricultural residues (leaves, stovers, straws…), agro-wastes (solid cattle manure…), forest biomass (cedar, spruce, willow…), forest wastes (sawdust, wood chips…), industrial wastes (chemical pulps …) and municipal solid wastes (food waste, kraft paper…). Lignocellulosic biomass consists of three major components: cellulose (40-60%) [START_REF] Lee | Biological conversion of lignocellulosic biomass to ethanol[END_REF], hemicellulose (20-40%) [START_REF] Ren | Hemicelluloses. 1st ed. Cereal Straw as a Resource for Sustainable Biomaterials and Biofuels[END_REF] and lignin (10-25%) [START_REF] Buranov | Lignin in straw of herbaceous crops[END_REF], which are intertwined together to form lignin-carbohydrate complexes (LCCs). To date, most commercial biorefinery processes focus on the exploitation of cellulose and hemicellulose, while the lignin fraction is still treated as a waste product [START_REF] Guan | High catalytic efficientcy of solid acid catalysts for lignin valorization[END_REF][START_REF] Schutyser | Chemicals from lignin : an interplay of lignocellulose fractionation, depolymerisation, and upgrading[END_REF].

Lignocellulosic biomass, particularly agricultural residues, is not associated with food and is available in abundance worldwide. Therefore, the consumption of lignocellulosic biomass on a large scale for bioethanol production does not divert the use of arable land as is the case for first generation bioethanol [START_REF] Agbor | Biomass pretreatment: Fundamentals toward application[END_REF].

Second-generation bioethanol production

The production of second-generation bioethanol starts with the collection of lignocellulosic feedstock and then its transportation to the plant site. Depending on the feedstock, an appropriate preprocessing step (e.g., grinding, milling) is realized to obtain the adequate the feedstock particle size. After this preprocessing, second-generation bioethanol is produced using a process involving four primary steps: (i) pretreatment, (ii) hydrolysis to sugars, (iii) fermentation, and (iv) product/product upgrading [START_REF] Chundawat | Deconstruction of lignocellulosic biomass to fuels and chemicals[END_REF][START_REF] Robak | Review of second generation bioethanol production from residual biomass[END_REF][START_REF] Abo | Lignocellulosic biomass for bioethanol : an overview on pretreatment, hydrolysis and fermentation processes[END_REF] (Figure 1). This bioethanol production includes a separate hydrolysis and fermentation (SHF) ( [START_REF] Roca | Increasing ethanol productivity during xylose fermentation by cell recycling of recombinant Saccharomyces cerevisiae[END_REF]. Using SHF process, the temperature for the enzymatic hydrolysis and the fermentation temperature can be optimized independently. Moreover, SHF process permits to recycle yeast fermentation which is not the case with other alternatives. CLCs are recalcitrant to degradation, so pretreatment is required for their destruction to separate the cellulose component from hemicelluloses and lignin so that enzymatic hydrolysis can be performed to release D-glucose/D-xylose for ethanol fermentation [START_REF] Kumar | Recent updates on different methods of pretreatment of lignocellulosic feedstocks: a review[END_REF]. Different methods for the LCC pretreatments exist: physical pretreatment, chemical pretreatment, physico-chemical pretreatment and biological pretreatment [START_REF] Tu | Recent advances in the pretreatment of lignocellulosic biomass[END_REF][START_REF] Mahmood | Recent advances in the pretreatment of lignocellulosic biomass for biofuels and value-added products[END_REF][START_REF] Costa | Lignocellulosic to biofuels: an overview of recent and relevant advances[END_REF][START_REF] Kucharska | Pretreatment of lignocellulosic materials as substrates for fermentation processes[END_REF]. Conventional pretreatments of lignocellulose are quite costly, time-consuming and also require substantial downstream processing. Physical pretreatment such as fragmentation (hacking, grinding, milling, rolling) [START_REF] Arenas-Cardenas | Waste and biomass valorization[END_REF], microwave radiation [START_REF] Aguilar-Reynosa | Microwave heating processing as alternative of pretreatment in second generation biorefinery: an overview[END_REF], sonication [START_REF] Subhedar | Intensification of enzymatic hydrolysis of lignocellulose using ultrasound for efficient bioethanol production : a review[END_REF], spray drying with gamma radiation [START_REF] Yang | Effect and aftereffect of gamma radiation pretreatment on enzymatic hydrolysis of wheat straw[END_REF], pyrolysis [START_REF] Dickerson | Catalytic fast pyrolysis: A review[END_REF] permits to reduce cellulose crystallinity, increase surface area, reduce the degree of polymerization. Physico-chemical pretreatment such as a steam explosion [START_REF] Kumari | Pretreatment of lignocellulosic wastes for biofuel production: A critical review[END_REF], carbon dioxide explosion [START_REF] Carneiro | Cpt 17 -Biomass Pretreatment With Carbon Dioxide[END_REF], ammonia fiber explosion [START_REF] Alizadeh | Pretreatment of switchgrass by ammonia fiber explosion (AFEX)[END_REF] and ammonia recovery process [START_REF] Jung | Effect of sodium hydroxide treatment of bacterial cellulose on cellulase activity[END_REF] permits to increase pore volume, remove hemicellulose, improve enzyme accessibility, reduce the particle size. Chemical pretreatment such as acid hydrolysis [START_REF] Silverstein | A comparison of chemical pretreatment methods for improving saccharification of cotton stalks[END_REF], alkaline pretreatment [START_REF] Mosier | Optimization of pH controlled liquid hot water pretreatment of corn stover[END_REF], oxidation [START_REF] Den | Lignocellulosic biomass transformations via greener oxidative pretreatment processes : access to energy and value-added chemicals[END_REF] and ozonation [START_REF] Travaini | Ozonolysis : an advantageous pretreatment for lignocellulosic biomass revisited[END_REF], treatment with ionic liquids [START_REF] Klein-Marcuschamer | Techno-economic analysis of a lignocellulosic ethanol biorefinery with ionic liquid pre-treatment[END_REF], treatment with organic solvents [START_REF] Zhang | Organic solvent pretreatment of lignocellulosic biomass for biofuels and biochemicals : a review[END_REF] permits to increase surface area, have high reaction rate and remove hemicellulose. Biological pretreatment such as bacterial treatment [START_REF] Sharma | Biological pretreatment of lignocellulosic biomass for biofuels and bioproducts : an overview[END_REF], enzymatic treatment [START_REF] Sindhu | Biological pretreatment of lignocellulosic biomass -an overview[END_REF] permits lignin degradation and reduces the degree of polymerization of cellulose and hemicellulose as well. Following the pretreatment, enzymatic or chemical hydrolysis of the cellulose and hemicellulose releases D-glucose and hexose and pentose, respectively, as simple fermentable carbohydrates [START_REF] Sun | Hydrolysis of lignocellulosic materials for ethanol production: a review[END_REF]. It is noteworthy that hydrolysis of cellulose is more difficult than that of hemicellulose. These C-6 and C-5 carbohydrate monomers can then be fermented to ethanol by bacteria and yeasts that have been modified to ferment both hexose and pentose sugars and adapted to treat the inhibitors that are produced during pretreatment and inevitably associated with the hexose and pentose sugars. Among the large number of bacteria and yeasts that are able to ferment these sugars, Saccharomyces cerevisiae and Zymomonas mobilis are the two species currently used on an industrial scale for ethanol production [START_REF] Lau | Comparing the fermentation performance of Escherichia coli KO11, Saccharomyces cerevisiae 424A(LNH-ST) and Zymomonas mobilis AX101 for cellulosic ethanol production[END_REF]. The last steps of the bioethanol production is the distillation and dehydration of the aqueous ethanol solution producing ethanol with a purity of 99.9%.

Initially, hydrolysis and fermentation were performed in two separate two-stroke reactors (Separate Hydrolysis and Fermentation -SHF). Nevertheless, the two processes can be realized in the same reactor. In this way, simultaneous saccharification and fermentation (SSF) [START_REF] Olofsson | A short review on SSF -an interesting process option for ethanol production from lignocellulosic feedstocks[END_REF], pre-hydrolysis and simultaneous saccharification and fermentation (PSSF) [START_REF] Mcintosh | Pilot-scale cellulosic ethanol production using eucalyptus biomass pre-treated by dilute acid and steam explosion[END_REF], simultaneous saccharification and co-fermentation (SSCF) [START_REF] Liu | Dry biorefining maximizes the potentials of simultaneous saccharification and co-fermentation for cellulosic ethanol production[END_REF] and direct conversion (consolidated bioprocessing) (CBP) [START_REF] Hasunuma | Consolidated bioprocessing and simultaneous saccharification and fermentation of lignocellulose to ethanol with thermotolerant yeast strains[END_REF]. SSF is the most used process in industry. This process performs the two stages in the same reactor and the same time permitting to reduce the investment cost and to limit the risk of inhibition of the enzyme by D-glucose and cellobiose. The main drawback of SSF is the temperature used (<37 °C) that is not the optimized temperature, but that permits to have less degradation of the yeasts. PSSF is developed to solve the problem encountered during the SSF process of hydrolysis at a lower temperature than the optimum temperature. In this process, enzymatic pre-hydrolysis is performed at 50 °C and then after reducing the temperature to 35 °C, the yeast is added in the same reactor. In contrast with SHF, SSF and PSSF, SSCF permits to have the hydrolysis and fermentation stages of D-glucose and D-xylose coming from cellulose and hemicellulose, respectively.

CBP is an attractive process incorporating enzyme production, saccharification and fermentation in a single reactor without the step of pretreatment. The reduction of the number of reactors and facile operation increase the competitiveness of lignocellulosic bioethanol but the design of an appropriate microbial microorganism/consortium is the main drawback.

Technology Trends and Barriers to industrial development

To date, the industrial production of lignocellulosic ethanol is perfectible. Although all stages of the process can be improved, pretreatment, pentose fermentation, simultaneous saccharification and fermentation (SSF), downstream and the reduction of by-products remain an important source of study. Despite the means developed in research and development (pretreatment, hydrolysis to carbohydrates, fermentation, distillation and purification), pretreatment remains one of the most expensive steps in the process. The pre-processing stages account for 11 to 27% of the production costs of lignocellulosic ethanol. This variation depends on the pre-processing method used. For optimal efficiency of the pretreatment stage, it must guarantee high yields of sugar required for the next fermentation stage, a very low content of inhibitors in the fermentation stages, the separation of lignin and incidentally hemicellulose which will then be transformed into molecules of interest. These steps will also reduce the cost of lignocellulosic ethanol, a low impact of the extraction, washing, neutralisation stages and of course a low cost of energy, reagents and catalysts and water.

To date, there are no methods for pretreating lignocellulosic biomass which is preponderant over another. The choice of pretreatment technology depends on various factors, including the type of biomass used. Nevertheless, steam explosion is recognized as one of the most efficient and cost-effective technologies for pretreating agricultural residues, particularly in processes scaled up for commercial production.

During the hydrolysis step, the presence of hemicellulose leads to the formation of pentoses, which are less fermentable derivatives than glucose from cellulose. Therefore, an efficient fermentation of pentoses reduces the cost of ethanol production, when we know that pentose derivatives can reach 26% by weight in the example of sugar cane bagasse and 75% by weight in sugar cane. Microorganisms capable of producing ethanol with high yields at high concentrations of substrate, inhibitors and products are therefore an avenue of research to be developed.

To overcome the problems of the SHF process where the accumulation of carbohydrates such as cellobiose causes cellulase inhibition, the SSF type processes reduce investment costs by limiting the number of reactors. Moreover, the inhibition problem is limited since D-glucose molecules are immediately fermented. However, the major problem to be solved is related to the temperature of the process: the temperature required (50-55 °C) for saccharification is higher than the cell required for fermentation. Downstream processing of lignocellulosic ethanol is also an important source of research. Indeed, the separation of ethanol from the water used in large quantities is one of the challenges for an industrial optimization of the process. Technological progress on materials (membranes, adsorbents) to obtain high-performance membranes is necessary. Similarly, a large quantity of water is used to date. This is necessary in order to reduce the viscosity of the medium during fermentation and to limit the inhibition of bacteria. In this context, waste water must be limited to prevent contamination of the environment. Research on a possible fermentation in a more concentrated medium is therefore a new avenue of research. Organic solvents that are highly flammable, volatile, and potentially toxic, requires additional safety and storage considerations which all add to the total cost. An efficient process for separating biomass constituents after pretreatment and the valorization of lignin and hemicellulose are also lines of research to be developed. To date, lignin and hemicellulose can be converted into value-added products. Similarly, the fermentation broth as well as the solid residues (including bacterial/yeast cell mass) are rich in nutrients and can be recycled in the process, used as animal feed or added to biogas plants.

Conclusion

Lignocellulosic ethanol is not yet sufficiently competitive and several parameters need to be improved. Among these, the toxicity of the reagents used, waste disposal and cost are the main ones. Indeed, many of these processes require water and organic solvents in at least part of the process. Wastewater must be sanitized to avoid environmental contamination, while many organic solvents are highly flammable, volatile and potentially toxic, requiring additional safety and storage considerations, all of which add to the total cost. In addition to toxicity and disposal, certain process steps depending on the pretreatment method used, additional equipment and energy requirements must also be considered in assessing the cost and feasibility of the whole process. In addition, physical/chemical pretreatments use acid or alkaline solutions or a solvent for catalysis, which causes equipment corrosion. The majority of the steps in the ethanol production process is carried out in a batch reactor. The discontinuous reactor-continuous reactor transfer is the subject of much work for the transformation of biomass and high value-added molecules [START_REF] Garcia-Olmo | Activity of continuous flow synthesized Pd-based nanocatalysts in the flow hydroconversion of furfural[END_REF][START_REF] Galy | Glycerol oligomerization in continuous flow reactor[END_REF][START_REF] Len | Continuous flow conversion of glycerol into chemicals: an overview[END_REF][START_REF] Bruniaux | Continuous flow reductive alkylation: synthesis of biobased symmetrical and dissymmetrical ethers[END_REF][START_REF] Wang | Batch vs continuous flow performance of supported mono-and bimetallic nickel catalysts for catalytic transfer hydrogenation of furfural in isopropanol[END_REF][START_REF] Wang | Comparative study of supported monometallic catalysts in the liquidphase hydrogenation of furfural : batch and continuous flow[END_REF][START_REF] Ouyang | Continuous flow conversion of biomass-derived methyl levulinate into gamma valerolactone using functional metal organic framework[END_REF], and the near future of ethanol production will involve a continuous process. This route will still require the destructuring of lignocellulosic material, the elimination of lignin, the reduction of the crystallinity of cellulose ... but will bring all the advantages of continuous flow chemistry: improved safety, increased productivity and selectivity, improved quality, space savings…
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 1 Figure 1. Schematic representation of lignocellulosic ethanol process.
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