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Second generation biofuels offer a key for several energy issues, but feedstock is still limited. To improve the use of biogenic carbon, coupling Biomass to Liquid (BtL) process to a hydrogen supplier unit is studied. Water electrolysis enables to produce hydrogen and also required oxygen in line with energy issues; High Temperature Steam Electrolysis (HTSE) coupling is particularly promising: it allows to recover free heat from BtL process and to reuse coproduced water, offering therefore synergies. This work addresses the integrated design of the HTSE and BtL hybrid process for its optimization. The comprehensive gate-to-gate analysis includes BtL and hydrogen production on-site operations. Considering productivity, efficiency, cost and environmental issues, five criteria have been chosen: carbon matter yield; energy efficiency; greehouse gases emissions; water use; levelized biofuels production cost. Simulations are carried out using a commercial process simulation software -ProSimPlus® -to allow physical modeling and mass and energy balances; modeling is based on standard elementary and user modules and supported by various CEA previous works. The first concluding elements in studying integrated HTSE-BtL process verify that hydrogen input is almost doubling the productivity (biofuels/biomass). They bring out significant secondary energy saving for HTSE compared to standard process; and clear advantages over alkaline electrolysis considering technical and environmental criteria. The framework for design optimization is proposed.

Introduction

Context: enhanced BtL processes with extra hydrogen input

The second generation liquid biofuels are promising regarding substitution of petroleum: they offer both interesting energy efficiency and potential for GreenHouse Gases Emissions (GHGE) cut. The Biomass to Liquid (BtL) thermochemical route -based on biomass gasification then Fischer-Tropsch Synthesis (FTS) -is the most considered, because it can produce fuels similar (even of higher quality) to conventional liquid fuels. However, lignocellulosic resources are significant but not plentiful: in Europe, the primary energy feedstock is about the third of the final energy consumption [START_REF] Boissonnet | How much biomass can Europe use without harming the environment ?[END_REF]. As a consequence the most efficient use of biogenic carbon is necessary. This increase in productivity is possible with optimized efficiency of the standard processes, but also by providing extra hydrogen input, therefore coupled hydrogen production is studied [START_REF][END_REF][3][START_REF] Hawkes | AIChE Annual Meeting[END_REF]. This paper aims at defining the framework for assessment, validation and quantification of the relevance of the HTSE and BtL hybrid process. Both optimal coupling the two processes and comprehensive optimization of the new process requires a detailed modeling: the selected technologies and method used are presented in §2. Challenges of energy system -and particularly second-generation biofuels processes -lead to select several criteria: they are presented in §3. These modeling and criteria are suitable for multicriteria optimization. The BtL process rests on two main steps: gasification of the biomass into syngas then FTS of naphtha, gasoline, kerosene and diesel. In addition, the complete process includes preparation or recovery operations that impact process performance data and there-fore the criteria. Operations involving heat or matter are simulated, from raw biomass to liquid fuels (in bold on Fig. 2). Simulations are carried out using a commercial process simulation software (ProSimPlus®) to allow physical modeling, mass and energy balances and generate data for complete heat integration. The process model is built from standard elementary and user modules and supported by various CEA (French Alternative Energies and Atomic Energy Agency) previous works, including modeling work [START_REF] Boissonnet | 16th European Biomass Conference and Exhibition[END_REF][START_REF] Boissonnet | International Freiberg Conference on IGCC & XtL Technologies[END_REF] and selection of relevant (mainly in terms of cost and productivity) elementary processes and technologies [START_REF][END_REF]. This selection is mainly based on cost and productivity for high capacity BtL plants, e.g. adiabatic pressurized oxygen-blown Entrained Flow Reactor (EFR) is used for biomass gasification. Selected technologies are shown on the block diagram (Fig. 2, WGS: Water Gas Shift; Co FTS: cobalt catalyzed FTS). Base case is underlined. In this paper only base case simulation results and preliminary comparison is proposed. Three options for hydrogen ratio adaptation are presented: HTSE, Alkaline Electrolysis (AE) and WGS.

Refering to chemical equations, biomass gasification is roughly

C 6 H 9 O 4 +3O 2 +H 2 O → 4CO +2.5H 2 +2CO 2 +3H 2 O while FTS is nϵ[5,20], nCO +(2n+1)H 2 → C n H 2n+2 +nH 2 O ≈ n (CH 2 ) +nH 2 O. With extra hydrogen input the process equation is then roughly C 6 H 9 O 4 +3O 2 +H 2 O +6H 2 → 4 (CH 2 ) +2CO 2 +7H 2 O instead of C 6 H 9 O 4 +3O 2 +H 2 O → 2 (CH 2 ) +4CO 2 +3H 2 O.

Process description

Hydrogen ratio adaptation

Adaptation is required to bring H /CO ratio of the syngas (<1) to stoichiometric conditions (>2) for FTS. Hydrogen can come either from a conversion of a part of the syngas using WGS reaction (CO +H 2 O → H 2 +CO 2 ) or an extra hydrogen input in order to increase carbon yield, in this case the hybrid process obtained uses both biomass and an other raw energy. Using steam reforming of Natural Gas (NG) to produce hydrogen creates GHGE. With low-carbon content electricity (e.g. renewable or nuclear power), the AE (consuming only electricity) can reduce these GHGE, but with an increase in production cost and a poor equivalent primary energy efficiency. Finally, HTSE (using heat both to vaporize water and to maintain the electrochemical reaction at 1000-1200K) brings the advantage of better energy efficiency of the process, but along with an increase in cost. WGS, NG reforming and AE are touchstones for HTSE performance and suitability.

Heat integration

Complete heat integration is performed after each simulation; temperatures of sinks and sources are corrected using half matching typical ΔTmin (minimum temperature difference in exchangers) values [START_REF]Introduction to Pinch Technology[END_REF] (Fig. 3). 

Criteria and preliminary results

Issues of energy system -and particularly second-generation biofuels -lead to select several criteria as performance data or compliance constraints. Two technical criteria (yield or efficiency; to maximize) are used for the two main functions of the process and three other criteria (expressed per unit of energy in the liquid biofuels; to minimize) are selected: the standard economic criterion (not described for space limitation) and two environmental criteria.

Biogenic carbon criterion

The main function of coupling is to enhance the conversion of biogenic carbon into liquid biofuels. Biogenic carbon yield is therefore selected as a technical performance criterion. Flow diagrams are presented for WGS and both electrolysis (HTSE and AE) cases. CO 2 (including part of CO 2 in the gas) is shown in grey; CO 2 formations -that are losses of biogenic carbon -are framed on Fig. 4: 6% of the input biogenic carbon is lost at torrefaction, 12% at the EFR, 16% at the water quench and possibly 32% at WGS. Fig. 4: Biogenic carbon flow diagrams: case A and B (left) and case C (right).

Energy criterion

Energy criterion is expressed as exergy (work equivalent) efficiency in recent papers [START_REF] Sues | [END_REF][9][10]. Exergy is particularly useful to consider heat value, that is why it is used on Fig. 3. However, secondary (i.e. without power production yield) exergy results do not provide relevant input/output data given that exergy of fuels is higher than Lower Heating Value (LHV) -biomass: 113%, liquid fuels: 112% [START_REF] Szargut | Exergy analysis of thermal, chemical and metallurgical processes[END_REF] -but exergy equals power for electricity. On the contrary, we must account for upstream power production and inferred technical energy efficiency of this prior conversion. That is why the energy criterion is expressed as the yield of equivalent primary energy (heat equivalent: [∑(flowrates in x LHV in ) + power x 2.6]/ ∑(flowrates out x LHV out )) in this work * .

Greenhouse gases emissions criterion

GHGE are calculated for the process (from NG consumption for hot utility), including indirect emissions for power production (French electricity mix for industrial applications: 55g equivalent of fossil CO2 /kWh); the indirect GHGE for forestry is not counted due to high variability. Avoided emissions are directly related to productivity, therefore raw emissions are preferred.

Electrolysis water use criterion

Fresh water consumption is used in life cycle analysis, but it is not calculated in studies using a process engineering approach. As electrolysis uses water as raw material, the additional fresh water consumption due to electrolysis is counted in this study. First results show that the process is always globally net producer of water (due to moisture of raw biomass) and that consumption of fresh water by HTSE can be notably reduced (almost by half) using the water byproduced by the FTS. This water meets specifications for HTSE catalysts (simulations carried out using specifications for FTS from [START_REF] Hamelinck | [END_REF]) and hydrocarbons are harmless for HTSE.

Discussion

First results (Table 1) are consistent with expectations: electrolysis can nearly double the biogenic carbon conversion, but this leads to lower performance data regarding other criteria; HTSE can limit this drop compared to the AE. It appears that characterization of power strongly impacts the results. Concerning energy, the secondary energy efficiency increases with HTSE but equivalent primary energy efficiency is still lower than with WGS. This is due to poor efficiency of power production: the criterion in equivalent primary energy is indeed necessary. Concerning GHGE, they are strongly linked to the power consumption in case of electrolysis given that few NG is used compared to power. 

Conclusion

Framework for the study of the optimal design of integrated HTSE and BtL process using process simulator is set up. Scope, coupling issues, computing input/output, parameters and criteria are summarized on Fig. 
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 21 Fig. 1: Principle and interest of BtL and HTSE hybrid process to produce biofuels.
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 2 Fig. 2: Block diagram of the BtL process.
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 3 Fig. 3: Heat integration (case HTSE): Grassmann (exergy flow) diagram and composite curves.
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 5 Fig. 5: Framework for BtL and HTSE hybrid process evaluation.
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  5. Next step is implementation and use of multicriteria optimization.
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