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Renewable methanol production for the shipping industry

In depth analysis of CO, pre-capture

stream conditioning

The MZ2ARE project is developing a low-cost, low-carbon methanol fuel for the shipping industry,
synthesized from biogenic CO, and renewable H,. This fuel is essential for achieving a reduction in
maritime CO, emissions. A foundational step in scaling this technology is securing a reliable, sustainable

carbon feedstock.

Biogenic-CO, represents a sustainable and
valuable resource to be introduced in many
different value chains, in order to close the
carbon loop, exploiting its potential as a reactant
to create alternative biofuels, together with the
green hydrogen. In our previous factsheets, we
analyzed what are the main biomass conversion
processes responsible for the CO, emissions, and
cited the CO, capture, separation, storage and
transportation techniques. As the title of this
factsheet suggests, we are going to analyse more
in depth what are the different pre-capture
conditioning methods, and how the different
impurities can be removed prior to CO, capture.
This is a hard challenge, since depending on the
bio-C0O; source, different chemical compounds
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Fig. 1. Methanol syntesis full value chain

can be found in the flue gas coming from the
facilities. The most common biomass-based
facilities are:

+ Biomass fired heat & power plant;

¢ Pulp and paper mills;

+ Biogas facilities.

Depending on the source from which bio-CO; is
captured, we will have different types of chemical
pollutants that need to be treated in different
ways.

As a general consideration, raw gas streams
contain a 30 - 50 % vol. CO,, while combustion-
based emissions have up to 15% vol. CO,, and
various methods can be used, such as chemical
absorption, adsorption, membrane separation,
chemical looping combustion and cryogenic
separation.
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But before the capturing method, pre-capture
stream conditioning might be necessary, since
diverse-nature impurities are present, for
instance nitrogen oxides, sulfur oxides, halogens,
particulate  matter and volatil organic
compounds.

For solvent-based capture (MEA), the removal is
performed prior to the capture process.

SOx and NOy species compete with CO, for the
liquid absorbent leading to its degradation
through a irreversible reaction process, and a
continuous solvent loss. They need to be below a
certain limit, that is 10 ppmv and 200 ppmv
respectively, with 6% oxygen on a dry basis. In
this way, the solvent consumption remains low,
and make up costs are limited at reasonable
levels.

Impurity removal process for
different pollutants

SOy (sulfur oxides)

The action of removing sulfure oxides is called
desulphurization, often shortened as DeSOy, and
the removal system is installed upstream of the
CO, capture unit. There are two most common
DeS0x methods: wet scrubbing and dry scrubbing.
¢ Wet scrubbing is performed by using alkaline
agents such as NaOH or CaCOs, and the SO,
concentration typically drops below 10
mg/Nm3, in this way, the solvent degradation
is minimized. During the removal process, the
inert stream containing SOy is kept at 50 °C
through the absorber towers where it

dissolves, reacting with the alkaline scrubbing
liquid and forming gypsium or sulfites and
removed in the form of solid waste or further
processed.

¢ Dry scrubbing takes place using dry sorbents
for instance NaHCOs or Ca(OH),, and this is
directly injected in the hot flue gas at 200 °C,
where the sorbent reacts with SO, creating
solid residues that can be removed with
different techniques as cyclones or
electrostatic precipitators.

NOy (nitrogen oxides)

Often, DeNOy is also necessary, since biomass
combustion plants present elevated NOy levels,
driving to a performance loss of amine-based
capture unit. Two main NOx removal techniques
are used: Selective Catalytic Reduction (SCR);
Selective Non-Catalytic Reduction (SNCR).

e SCR is the most commonly used and can
remove up to 95% of the NOy species present
in the flue gas. The process involves the use
of ammonia as a reducing agent, deposited on
a catalyst to facilitate the conversion, in turn
placed on a substrate. The exhaust gas is then
injected into the reactor with the temperature
kept in a range from 300 to 400 °C. Overall,
this process can lead to the conversion of NO
and NO, up to 90%. Then, condensation
occurs, followed by separation and removal
of any reagent left.
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¢ SNCR is heavily influenced by the exhaust gas
composition, since high dust or sulfur trioxide
can lead to the catalyst deactivation. In a
SNCR system, the reactant can be ammonia or
urea, that are introduced into the fluent gas at
higher temperatures ranging from 900 to
1000 °C where NOyx reduction is promoted,
with a removal of 30 - 70 %. The efficiency of
this process is dependent from temperature
uniformity and residence time.

Furthermore, other emerging technologies are
available, such as non-thermal plasma (NTP),
using electrical dischargers to produce reactive
species causing oxidation of NO to NO, but
having a high energy consumption and a complex
by-product management.

Particulate Matter (PM)

The characteristics of of the PM depend upon the
biomass type, and it can be removed by
Electrostatic Precipitators (ESP), bag filters,
ceramic, wet scrubbers or cyclones, where the
first two are the most used.
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Read our previous factsheets

1.The Biogenic Solution for Maritime
Decarbonization

2. Mapping_and categorization of different bio-
CO, sectors
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