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The European FuelSOME Project (No. 101069828) [1] focuses on establishing
a multi-fuel energy generation system based on utilization of Solid Oxide Fuel Cells
(SOFC). This system is dedicated mainly to the long-distance maritime shipping.
Shipping is responsible for the annual emission of about 1 billion tons of carbon
dioxide (CO2) and about 2.5% of global anthropogenic greenhouse gas (GHG)
emissions worldwide [2]. Most ocean-going vessels operate using heavy fractions of
petroleum, so a lot of GHG and air pollutants from ships, such as carbon dioxide
(CO2), nitrogen oxides (NOXx), sulphur oxides (SOx) and particulate matters (PM)
are emitted. A general aim of the FuelSOME Project is to elaborate the method to
replace petroleum fuel-powered engines by fuel cells-powered electrical engines.
Because transport and storage of hydrogen is expensive and difficult application of
multi-fuel system is considered, where apart from hydrogen also ammonia and
methanol are used.

Within the Project implementation, our research team deals with
preconditioning of fuels used to power fuel cells, as for the SOFC stacks a removal
of sulphur contaminations is crucial because a content of sulphur compounds is
strictly limited, even to dozens of molar ppb. The studies carried out for methanol
purification contain:

- carrying out a critical review of methanol purification methods to find a
way to achieve the purity requirements. The following methods were taken
into account: - distillation, distillation coupled with pervaporation or
extraction, however for removal of residual impurities to meet high purity
requirements a deep adsorptive desulfurization was chosen. It can be carried
out in column filled with the sorbent (cyclic process) and/or in simulated
moving bed (continuous process).

- elaboration of mathematical model for a deep adsorptive desulfurization
process carried out in a packed bed column. The following testing system:
methanol contaminated with dibenzothiophene (DBT) — activated carbon
(AC) was chosen, as DBT was taken as a representative of compounds
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contaminating the methanol. First the adsorption equilibrium for the
system: DBT (dissolved in methanol) — activated carbon (AC) was
determined, as these data were not found in the literature of subject [3].
Next the model for a deep adsorption process carried out in a column packed
with activated carbon pellets was elaborated [4]. A series of calculations
was executed to find an influence of the process parameters and operation
conditions on the efficiency of purification. Then the optimization of
purification process, containing also a techno-economic analysis taking into
account cost factors, was carried out. It was found that the application of
deep adsorption for methanol purification enables efficient preconditioning
of this fuel to meet the very demanding purity requirements.

- elaboration of the expert system based on application of neural networks
(Al) to predict the optimal operating conditions for methanol purification
process executed in the harbour. This is crucial for practical implementation
of the chosen purification method, as there is no possibilities to carry out
full simulation calculations in the harbour before filling the ship’s tanks.
Using data obtained during simulations carried out as above the neural
network was trained which approximates a complex functional dependence:

I = f(L, DW' dpl g, G, ximp,in) (1)
where | [€/kg] is the purification cost indicator, while L, Dy, dp, & G and
Ximp,in are the column length, column diameter, bed porosity, methanol mass
flow rate and mass fraction of pollutant in the inlet stream of methanal,
respectively.With this trained network, for given concentration of
impurities in methanol — Ximp,in as well as for given column and bed
configuration the optimal operating conditions — here methanol mass
flowrate G - can be determined.

A consistent and effective methanol purification method was developed, which
can be used in the harbor and enables to meet the methanol purity requirements.
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