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Figure 6
PRENFLO membrane wall protected by a slag layer.
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the lifetime of the project with virtually no maintenance,
it also has the advantage that gasification at high temper-
ature is possible connected with a long life reliable con-
struction. In the PRENFLO® with Direct Quench
(PDQ) gasifier the feedstock is pneumatically trans-
ported to the gasifier in pulverized form. The gasification
reactions take place under a pressure of 30 to 42 bar. The
produced synthesis gas is leaving the reactor at the bot-
tom is cooled down by a water quench to about 220°C.
Thus, the syngas is fully saturated and ready for the
Water Gas Shift (WGS) conversion reaction to enhance
the amount of hydrogen in the syngas by reaction of CO
with water to form hydrogen and carbon dioxyde. This
type of reactor is preferred if a shift reaction is following
the gasification to enhance the hydrogen to carbon mon-
oxide ratio for the Fischer-Tropsch process.

The PRENFLO® with Steam Generation (PSG) tech-
nology is already used commercially to treat fossil fuel
feedstock (Fig. 7). However, significant changes are
required to enable the injection of biomass into the gas-
ifier, either alone or mixed with fossil fuel feedstock in
varying proportions. These changes represent an
important technological challenge. The PRENFLO®
PSG was first commercialized in the Fiirstenhausen,
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Development stages for the PRENFLO gasification technology.
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Germany, demonstration plant, and thereafter selected
by Elcogas S.A., Spain for the Puertollano IGCC plant.
It should be noted that the Puertollano plant, which uti-
lizes the PRENFLO® technology and was designed and
built by ThyssenKrupp Uhde, is still the world’s largest
solids based IGCC (Integrated Gasification Combined
Cycle) with an output of some 300 MW, from a single
train. The PRENFLO® technology is the result of more
than 50 years of development [15].

Syngas clean up and conditioning: 3" step

To be converted into liquid fuel, the syngas must be very
pure and have the correct chemical composition. Indeed,
the syngas produced in the PRENFLO gasifier has a low
H,/CO (0.5-0.7) ratio when compared with the require-
ment of the FT reactor (almost 2), hence WGS reaction
is performed on a part of the syngas, and the CO,
formed is removed with H,S and other impurities using
an Acid Gas Removal (AGR) unit. An AGR plant is
quite a common process for natural gas treatment as well
as for refinery gas treatment. An AGR plant is basically
formed of two sections: one section dedicated to the
absorption of impurities into the solvent and one section
dedicated to solvent regeneration. According to the pol-
lutants to be removed and the licensors, the solvent can
be a physical solvent (such as methanol) or a chemical
solvent (such as amines).

Since the FT catalyst requires very low levels of impu-
rities [16], a final purification step is performed with
guard beds (chemisorption). Involving several processes,
the purification of biomass-derived syngas is highly com-
plex and has not yet been implemented on an industrial
scale. It begins with relatively mature cleaning processes,
which are followed by a final purification process that
uses special high-performance catalysts. These need to
be further developed to enable continuous use in
industrial-scale applications.

The aim of the BioTfueL project is to select the most
energy and cost-efficient chain of processes possible. The
technological developments will focus mainly on the
final stages of the cleanup and conditioning process,
when the gas is prepared for Fischer-Tropsch
synthesis.

Final conversion into biofuel via Fischer-Tropsch synthesis
and upgrading: 4™ step
The Fischer-Tropsch process converts purified syngas
into a mixture of hydrocarbons, this step is followed
by hydrocracking and hydroisomerization stages in
order to get final products: mainly middle distillates
(Diesel, jet fuel), and naphtha.

Unlike the first three stages described above, no R&D
work will be carried out on the FT process during the

BioTfuelL project, because this process is already
available commercially. The Fischer-Tropsch technol-
ogy for the BioTfueL project is the Axens Gasel”™ tech-
nology (technology developed by IFP Energies nouvelles
and ENI) [17]. This technology involves a cobalt cata-
lyst, maximizing the production of middle distillates,
into a slurry bubble column reactor. This technology
allows an isothermal profile within the reactor as well
as a low pressure drop and is well suited for catalyst
make-up and withdrawal. Axens will also provide the
hydro-isomerisation processes (upgrading). Axens can
take care of the full process route by:

— licensing a complete FT plus upgrading technology
chain for the conversion of syngas to middle distillates
(as jet fuel and Diesel);

— manufacturing associated FT and upgrading catalyst;

— providing a single point guarantee from syngas to
final products.

BioTfuel Project Partnership

In order to overcome all those challenges, the BioTfueL
project is being carried out by a consortium of six part-
ners whose multiple areas of expertise together cover the
entire biofuel production value chain.

CEA and IFP Energies nouvelles are the two major
French research and development actors in the energy
sector. Axens is the 2™ largest licensor in the world of
refining and petrochemicals processes, Axens will be
the licensor of the BTL process chain developed by the
BioTfueL consortium. ThyssenKruppUhde is a first class
engineering and contracting company, licensor of gas
technologies processes, leader in the field of gasification.
Sofiprotéol is the leading European biodiesel producer.
Total is the 5" largest integrated international oil group.
Those partners created a dedicated company called
Bionext, to coordinate the project as well as the con-
struction and operation of the demonstration units.

Throughout the project, research teams will focus on
the following topics: resource screening and biomass
pretreatment, gasification technology, syngas purifica-
tion technologies, construction and operation of the bio-
mass pretreatment demonstration plant, construction
and operation of the gasification demonstration plant,
syngas purification and Fischer-Tropsch process demon-
stration unit, financial and environmental performance
(Life Cycle Analyses, LCA), technology survey, analyti-
cal and materials issues, and risk assessment.

Presentation of the Demonstration Plants

The BioTfueL demonstration plants will be realized as a
multiscale demonstration plant to get the scale up data
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Presentation of the demo plant that will be constructed in the BioTfueL project.

Figure 9
A 3D view of Dunkirk site demo plant.

needed and to validate the various configurations
(Fig. 8).

The torrefaction and the gasification sections will use
up to 5 tons per hour of fresh biomass, about 15 MWth
for the gasifier. The Water Gas Shift (WGS), the Acid
Gas Removal (AGR) and the final purification step will
use only 5 to 10% of the syngas and the FT unit is
designed as a catalyst poisoning small scale (1 L) test
unit. The FT section does not require any technological
validation, it will be used as a complementary analytical
tool to qualify the syngas purification step.

In the BioTfueL project, the consortium will study the
centralized and also the decentralized production scheme.

The two different sites for the demonstration plants
(Venette and Dunkirk) offer the opportunity to test the
torrefied biomass conditioning, storage and transport as
well as the optimisation of the grinding steps and the ther-
mochemical transformation.

Biomasses which will be tested in Venette will be deliv-
ered in different forms due to the diversity of their nature
and depending on their conditioning after harvesting for
transport.

In parallel, torrefied biomass will be delivered to the
gasification plant located in Dunkirk site (Fig. 9) accord-
ing to quantities required for the testing programme. The
road transport will be used for the demonstration project.
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Figure 10

Illustration of plant scale impact (figure from reference

[18]).

CONCLUSIONS: BIOTFUEL PROJECT ASSETS

Ensuring Higher Profitability Ratios through Feedstock
Flexibility

To be profitable, second-generation biofuel production
requires large industrial units [18] (Fig. 10) and a contin-
uous supply of feedstock. The biomass used in the
BioTfueL project is made up of forest and plant wastes,
straw and other lignocellulosic materials sourced from
different locations. The availability of these materials is
subject to seasonal variations.

To secure continuity of supply and ensure the finan-
cial viability of production units, the BioTfueL project
is targeting full flexibility through the innovative concept
of co-processing. This means developing a process chain
that works with a wide variety of biomass feedstock, as
well as with liquid and solid fossil fuel feedstock. The tar-
get is to propose a process chain capable to handle pure
biomass as well as pure fossil feedstock. This type of con-
cept is highly favorable to be in the position to build king
size plants while guarantying those plants will run at
100% capacity along the year since petroleum coke or
similar fossil feedstock will easily be available to comple-
ment biomass. If the process chain uses only biomass,
the fuels will be fully considered as a biofuel. If a co-gas-
ification is performed, the fuels will be described partly
as fossils fuels, partly as biofuels on the basis of energy
content, in conformity with European directive ENR
2009/28 CE.

Thanks to this flexibility in the choice of raw materi-
als, the feedstock can be adapted to offset the seasonal
variations in biomass availability, thereby increasing
the industry’s energy efficiency and reducing production
costs per ton of fuel.

Integrating Technologies across the Process Chain to
Optimize Economic and Environmental Performance

The various technologies developed by the BioTfueL
project partners will be brought together and validated
in two demonstration plants. The objective is to identify
the solutions that deliver the best technical, economic
and environmental performance, by looking at such
issues as return on investment, mass yield, flexibility,
energy yield and CO; emissions. Life Cycle Assessments
are carried out throughout the project to help selecting
the most efficient technologies.

Financed by the ADEME’s via the Research Demon-
strators for €30 million, and by the Picardy region via the
European Union’s European Regional Development
Fund, for €3.2 million, the BioTfueL R&D project is
the start of a new second-generation biodiesel and biojet
fuel production industry in France.
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