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Key Objectives

1 Development and validation (TRL5) of a novel biorefinery concept based on 2-step biological gas-to-liquid
process using syngas from Dual Fluidised Bed Gasifier for the production of hydrotreated triacylglycerides
(HTAGS) for next generation sustainable aviation and marine biofuels

2 Optimization of flexible Dual Fluidized Gasification process for a gas fermentation unit improving overall
conversion and cost efficiency and taking into account wide non-food feedstock blends

w

Construction of durable bacterial strains and engineering yeast strains for efficient acetate production from
syngas and lipids from acetate, respectively

Determination of the optimum conditions of the novel 2-stage biological gas-to-liquid process at pilot level

Verification of produced hydrocarbons compatibility with aviation and marine standards for drop-in fuels

Scale up and optimize the entire process using advanced models

N oo b

Develop a cost-effective and versatile value chain with favourable condition for profitable investments
around Europe

0o

Determine and evaluate the impact of the proposed biomass-to-fuel value chain on the environment and
society
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Consortium
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Name Role

j CERTH coordination, feedstock characterization, process
simulations, lipids hydrotreating tests, business plans,
«©» Sumitomo —
0 FWG vTT VTT Gasification bench & pilot tests, gas cleaning tests
. 4 N CARTIF Lab scale fermentation tests, Integration of lab-scale
4 v bioprocessing & optimization
|Q8-9Research ¢ _ o _
otk 4R s BBEPP Pilot scale gas/liquid fermentation tests
% GoodFuels CSIC Strains screening, GMO preparation
Q8/KPRT Downstream processing & upgrading of liquid
) nronven biofuels; Biofuel qualification and preliminary market
§( e ol assessment
CSIC v RINA-C HSE risk assessment
RI'A Sumitomo FW  Gasification technology manufacturer, modeling &
v 2 scale up
e A GoodFuels Renewable marine fuel trading — market assessment
“:;‘\,: :i: X FAl )
o &Y e NTUA Social LCA, social CBA

P ENVIPARK Dissemination & Exploitation, lipids recovery
)
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Main achievements so far
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> Feedstock selection » Value chain definition & respective Target Groups
+* Olive and vineyard prunings from
Greece & Spain respectively wSItOCk @a Technoloqgy providers EI Refineries r Fuel traders )fi End-users
% Cereal straw from Italy =+ supplers : i
% Logging residues from final fellings & T \;‘/_.i
thinnings/wood residues from Fi Biomass to Microbial oil Hydrotreatment bunker fuel P
Finland oo™ o SE— e e
++ Airports & ports biogenic wastes all

around Europe

» Process flow definition and preliminary calculations

* Carbon utilization 27%
* Biomass to liquids
efficiency (LHV base): 37%
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Main achievements so far (2)
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> Bench scale gasification tests » Screening & selection of the best acetogenic bacteria strain B
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. Successful gasification at TRL4 scale of 5 * Moorella showed its resistance to different concentrations of several
different feedstocks pollutants found in raw syngas, such as NH;, HCN, H,S or benzene
+ Al of the feedstocks could be potentially selected + Five Moorella recombinant strains were obtained with different
for the piloting runs expected acetate production routes

« TwoY. lipolytica obese strains were obtained for higher lipids yields
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Main achievements so far (3)

Funded by the Horizon
2020 Framework

Programme of the
European Union

> Bench scale gas fermentation tests » Bench scale acetate fermentation tests
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* Successfully achieved a final acetic acid « Obtained a biomass concentration of 47 g/L with the wild-type strain
concentration of ~31 g/L with a productivity of 0.26 » Achieved a lipid titer of 6.7 g/L and a lipid content of 26% using
g/L/h CSIC’s leucine auxotrophic engineered strain

* Installation of a continuous gas fermentation « Managed to minimize citric acid accumulation problems
system with cell-recycle to increase AA productivity » Achieved a lipid titer of 10 g/L and a lipid content of 18% using

CSIC’s leucine prototroph strain

1

(



Challenges to overcome the following period
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Lab scale biological tests European Urion

» To get even better modified strains that further increase the production of acetate and lipids

To get improved results on acetate and lipids production when the engineered strains are employed at lab scale runs

To optimize the efficiency of both biological processes by adopting the best configuration scheme and identify the best set of operating
parameters (pH, pressure, medium, etc.)

« To minimize the energy duty for the effective lipids recovery

Pilot scale tests

« To assembly the gasification unit with the mobile fermentation unit and execute successfully the pilot runs at the integrated scheme
« To minimize the necessary steps for syngas cleaning prior the gas fermentation step

» To verify that the produced hydrotreated TAGs can meet the standards for aviation and marine fuels

Impact assessment at industrial scale

» To verify that the selected scenarios can be build on the basis of sustainable and cost efficient feedstock supply
« To further improve the overall performance of the concept in terms of final products yield, carbon utilization and energetic efficiency.
« To keep the installation costs at low level for the involved parts
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BioSFerA’s contribution to the area of green molecules production

2020 Framework
Programme of the
European Union

Wide feedstock flexibility

« Many different types of biogenic residues and wastes can be successfully converted into syngas

* High syngas quality — high char conversion

Durable bacteria require less gas cleaning steps
* No extensive NH3, HCN, H2S, benzene is needed compared to other catalytically based technologies

Low energy cost for advanced chemicals production
« Acetate and microbial oil are produced under mild conditions (i.e. low pressure, low temperature)

Recombinant strains have the potential to improve the process performance
» Development of genome transformation methodology for acetate overproduction

» Development of genome transformation methodology for increased selectivity on specific TAGs

* Increased selectivity on the desired final products (here: drop-in biofuels for aviation and maritime)
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Q Biofuel for biotravels

thank you

Kostis Atsonios, CERTH

atsonios@certh.gr
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