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The Coordinator’s Corner:
Updates from the Coordinator

Three years of
development and
cooperation in
FLEXCHX project!
The FLEXCHX project took off in March 2018
and now, the project has come to an end and will
be finalized soon.
In FLEXCHX, successful project work has been
carried out despite globally challenging times.
The particular mission of the project was to
validate the key enabling technologies of the
FLEXCHX process and we have succeeded
excellently in the pursuit of this goal.
The test campaigns were very successful
although the pandemic challenged the whole
world – FLEXCHX managed well!
Using exceptional arrangements, testing
activities were possible to continue all the time in
facilities, and the employees doing experimental
work adapted well to the changes. The
coronavirus crisis has shown the importance of
cooperation between the scientific world and the
rest of society, making the significance of applied
science increasingly visible to society.
The results carried out during this project – also
analysed according to techno-economic and LCA
– have marked a promising track to be run for the
development of the next-generation technologies!
Finally, the meetings and the continuous
cooperation with all the consortium partners have
been rewarding and fruitful. And most importantly,
the aim to reach and break the proposed targets
have been fulfilled!

Esa Kurkela, VTT
FLEXCHX Project Coordinator

Esa Kurkela, VTT
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COMSYN & FLEXCHX Webinar (19.1.2021)
Compact Gasification and Synthesis for Flexible
Production of Transport Fuels and Heat
Summary of the webinar presentations!

Sorbent-based final gas
clean-up
Christian Frilund, VTT
During the FLEXCHX campaigns at
VTT’s Bioruukki pilot plant a new gas
cleaning concept was shown to
successfully remove gas contaminants
according to the requirements of the
Fischer-Tropsch catalysts. Conventional
wet scrubbing solutions such as Rectisol
or Selexol are not cost efficient at lower
scales. The sorbent based cleaning
process under investigation promises a
20 % cost reduction compared to the
conventional methods. The test runs with
woody-residue and agro-residue biomass
showed a complete removal of all gas
contaminants.

Adsorbent materials

Photo: VTT

Ni based reformer catalyst

Catalytic reforming
Benjamin Rollins, Johnson Matthey
Johnson Matthey contributed to the FLEXCHX project with their advances in catalytic tar
reforming. Reformation of tars from the gasifier is a crucial process step as the tars lead to
fouling in subsequent equipment. Newly developed reformer catalyst types have been tested
during the FLEXCHX experimental campaign. Their effectiveness in removing tars from gasifier
syngas was demonstrated. Here, the effect of temperature and poisons on the durability of
different nickel and platinum group metal catalysts was studied. This allowed Johnson Matthey to
prove the viability of tar reforming within the FLEXCHX concept and refine their catalyst cost
models.
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Compact Fischer-Tropsch synthesis
Tim Boeltken, INERATEC
INERATEC offers a solution for the production of renewable fuels and materials with their
innovative chemical reactor design. Their micro-structured Fischer-Tropsch reactor with its
compact design and excellent thermo management, leading to high product conversion, matches
perfectly with the decentralized production concept pursued in the COMSYN as well as the
FLEXCHX project. While the focus for COMSYN lies on maximizing the product yield and longtime stability of the reactor, the focus for FLEXCHX lies on its flexible operation. Here, the
modular design of the reactor concept allows for an operation window of around 10 – 100 % of
nominal load. In the foreseeable future INERATEC will be able to scale their modular synthesis
plant up to a production capacity of 35 kt/a.

Ultracleaning UC5, 1 bar

Ultracleaning UC5, 5bar

Compressor container
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Use of FT product at oil
refineries
Mikko Wuokko,
NESTE Engineering Solutions
A refinery experts of NESTE contributed
with their in-depth analysis of the integration
opportunities for the Fischer-Tropsch
intermediate into the existing refinery
infrastructure. The selection of the
processing concept and the use of the final
product have major implications on the
overall economics of the process concept.
NESTE Engineering Solutions summarizes
three co-processing pathways for the
Fischer-Tropsch product in existing refining
infrastructure in Finland.
The addition of a hydroprocessing unit in
an oil refinery allows for the production of
base oils from the Fischer-Tropsch wax.
Whereas a hydrocracking unit shifts the
product yield towards the shorter chained
products gasoline, diesel and jet fuel. A third
option is the integration of the distillate
fraction to an HVO plant. Thereby, 100 %
renewable jet fuel and diesel can be
produced.
Photo: VTT
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Techno-economic studies for FLEXCHX process
Ralph-Uwe Dietrich, DLR
DLR’s applied its standardized methodology for techno-economic and ecological assessment to
the FLEXCHX and the COMSYN process concepts. It allows the comparison of energetic and
carbon efficiency, investment and production costs as well as environmental impacts of different
feedstock usage, multiple process configurations, plant sizes and locations and many other impact
parameters on process performance and economics.
For the FLEXHCX process two operation modes were analyzed, one with electrolyzer (summer
mode: assuming cheap renewable electricity supply), and the other without electrolyzer operation
(winter mode: assuming high heat demand from biomass). The winter mode was found to have
production costs of 0.7 €/l for Fischer-Tropsch intermediate using the process knowledge
developed by its project partners at the given boundary conditions. With an electricity price lower
than 20 €/MWh the summer mode reaches lower production costs than the winter mode. The
analysis for the 50 MWth plant is conducted with DLR’s TEPET tool, which enables an automated
techno-economic analysis based on an Aspen Plus flowsheet. That tool is being extended for an
automated life cycle analysis and was presented at its current development stage. The
standardized assessment provides the input data for country specific case studies which were
prepared for Finland and Lithuania to gauge the local economic viability of the FLEXCHX process
concept.
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Validation of The Key Enabling Technologies
Results - This is how we made it!

Three successful gasification test campaigns were performed at the SXB pilot
plant between February and June 2020 in VTT Bioruukki, Finland.

▪
▪
▪

The performance of key enabling technologies at the 1 MW pressurized gasification pilot plant
were successfully validated during three test weeks performed at the SXB gasification pilot
plant of VTT.
The whole process reached TRL5, and performances lived up to expectations.
The process can be used flexibly under both summer and winter modes, and technically it is
ready for follow-on demonstration.

Validation
tests
for
the
complete gasification, gas
cleaning and FT-synthesis
process. Total operation time
under gasification conditions:
213 hours

PRESSURISED
FIXED-BED
OXYGENBLOWN
GASIFICATION

Validation test campaigns
February 2020
SXB 20/07: bark pellets and wood chips
4 Set Points – Total gasification time: 58
hours, integrated FT operation 38,5
hours

March 2020
SXB 20/11: wood, bark and sunflower
husk pellets
7 Set Points – Total gasification time: 70
hours, integrated FT operation 61 hours
June 2020
SXB 20/24: wood and sunflower husk
pellets
7 Set Points – Total gasification time: 85
hours, (74 hours of FT operation in
cooperation with REDIFUEL-project)
Photo: VTT
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Staged Fixed Bed gasification – the SXB gasifier
Results - This is how we made it!
A new pressurized SXB gasifier was developed by VTT & Enerstena

▪

▪
▪
▪
▪

The SXB gasifier is the central conversion unit of the FLEXCHX process. It converts biomass
residues into hot raw gas that can be processed to ultra-clean synthesis gas by downstream
gas processing units.
This gasifier can be economically applied at a smaller scale than fluidized bed gasifiers but
produces similar raw gas so that similar filtration and reforming solutions can be applied
In the SXB gasifier, biomass is fed into the lower part of the reactor which is operating as an
updraft fixed-bed
The tar-containing gas from the updraft primary stage is partially cleaned in a novel catalytic
secondary stage where the gas temperature is raised to 850 °C
During the five pilot test weeks, the performance of the SXB gasifier was validated with various
kinds of woody biomass residues and sunflower husks.
Process performance was
determined for 30 set points
during 350 operation hours
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Robust gas filtration
Results - This is how we made it!

▪
▪
▪
▪
▪
▪
▪
▪

The role of hot filtration in the FLEXCHX process is to protect catalytic reforming and
downstream gas cleaning units from dust deposits.
Practically, all particulates together with condensed trace metals were removed from the raw
gas in the filter unit with 12 robust, sintered metal filters.
Filter testing was carried out during the gasification tests and further continued during the
process validation tests of FLEXCHX.
Filter elements were tested through four pilot test runs with a total of 284 hours under
gasification.
Based on the achieved results Grönmark designed industrial filter units for the 5 MW
demonstration unit and industrial plant of 50 MW capacity.
Pulse cleaning of the dust cake was studied by CFD modeling at Grönmark and an optimized
new pulsing system was developed and will be tested in follow-on activities.
Filter operation was smooth and stable pressure drop was achieved at most set points
There were no signs of dust penetration through the filter unit, which would have been
noticed as deposits in the reformer

Raw gas filtration was developed by VTT & Grönmark.

Pulsing gas venturi-systemof VTT’s pilot plant

Photo: VTT

Used filter elements after the final test campaign.
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Reforming and Final Syngas Cleaning
Results - This is how we made it!

Robust and cost-effective gas cleaning technology has been developed
and the gas quality requirements of FT synthesis were fulfilled

▪
▪
▪

▪

▪

▪
▪
▪

Based on JM lab-scale data; developmental
catalyst formulations were chosen for scaleup.
JM has developed robust and impurity
tolerant reforming catalysts for the staged
reforming process of VTT
Developmental reforming catalysts have
been successfully tested at pilot-plant scale
→ catalysts have been demonstrated for
over 160 hrs at 1 MW scale.
Total conversions were achieved with wood
fuels already at 850 °C. With sulfurcontaining agrobiofuels, higher temperatures
or larger catalyst beds are needed

Tar conversion efficiencies in the reformer

Development and testing of the final gas cleaning process was coupled to the SXB gasification
facility by a slipstream taken after the pressure reducer
Extended duration gas cleaning tests for the generation of ultraclean syngas were performed
Activated carbons were used for bulk sulfur removal and various other sorbents in guard beds
were tested at the VTT’s ultra-purification process
The final gas cleaning process purified syngas from woody- and agricultural biomass origin for
synthesis – the purification & ultra-purification materials performed well in front of the FT-unit.

The catalytic reformer
technology fulfilled both
key roles it has in the
hybrid biofuel production
concept
in
FlexCHX:
namely conversion of tars
and hydrocarbon gases
into syngas and to bring
the
gas
composition
towards equilibrium of the
water gas shift reaction.
Three tested reformer loadings
www.flexchx.eu
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Dissemination and Exploitation

Publications on FLEXCHX results
▪ Kurkela, E., Tuomi, S., Kurkela, M., Hiltunen, I. (2019) Flexible Hybrid Process for Combined Production of
Heat, Power and Renewable Feedstock for Refineries. In Proceedings of the 27th European Biomass
Conference and Exhibition: EUBCE 2019 (pp. 539-543), doi:10.5281/zenodo.3515919
▪ Skvorčinskienė, R.*, Striūgas, N., Kurkela, E., Bakas, R., Radinas, M.(2019) Integration of Waste Heat
Streams into Industrial CHPs or District Heating Units In Proceedings of the 27th European Biomass
Conference and Exhibition: EUBCE 2019 (pp. 821-826), doi: 10.5071/27theubce2019-2cv.2.16
▪ E. Kurkela, M. Kurkela, C. Frilund, I. Hiltunen, B. Rollins, A. Steele, Flexible Hybrid Process for Combined
Production of Heat, Power and Renewable Feedstock for Refineries, Johnson Matthey Technol. Rev., 2021,
65, (2), 333–345. doi.org/10.1595/205651321X16013744201583
▪ Kurkela, E., Kurkela, M., Hiltunen, I., Production of synthesis gas from biomass residues by staged fixed-bed
gasification - results from pilot test campaigns, Chemical Engineering Transactions, Vol. 86, 2021
▪ Kurkela, E., Kurkela, M., Frilund, C Hiltunen, I., Process concept for flexible production of renewable
transportation fuels and heat - Results for the pilot scale process validation tests. VTT Technical Research
Centre of Finland. VTT Technology No. 387 https://doi.org/10.32040/2242-122X.2021.T387

Examples of further publications for the coming months:
▪ Frilund *, C. Kurkela, E., Hiltunen, I., Development of Simplified Gas Ultracleaning: Experiments in Biomass
Residue-based Fixed-bed Gasification Syngas, Biomass Conversion and Biorefinery (submitted)
▪ Kurkela, E., Kurkela, M., Hiltunen, I., Pilot-scale development of pressurized fixed-bed gasification for
synthesis gas production from biomass residues, Biomass Conversion and Biorefinery, under review.
▪ Habermeyer, F.*, et al., Techno-economic analysis of a flexible process concept for the production of
transport fuels and heat from biomass and renewable electricity, under preparation

Proceeding from the FlexCHX workshops 2019 – 2021 (on the FLEXCHX website)
▪ Proceedings of the first FlexCHX workshop, ITW1,3-4 April 2019
▪ Proceedings of the the Second FlexCHX workshop, Webinar, on January 19, 2021
To read all our Open Access Publications, please visit FLEXCHX repository

Magazine Articles
▪ WBA Member Letter 6/2018
▪ Bioenergy Magazine nr. 7 2019
▪ Lithuanian Journal “Skelbimas Silumine Technika” 2019, Nr 2 Birzelis. News from the first Workshop of the
FlexCHX on May 2019.
▪ EERA Bioenergy Newsletter EEBIOnews, Issue 11, Spring/Summer 2019
▪ EUREC - December 2019 Myths and realities of renewable energies
▪ European Energy innovation (EEI) magazine: Winter 2020 issue & Spring issue
www.flexchx.eu
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FLEXCHX
About the project
FLEXCHX project presents a cost-effective solution to tackle the challenges of the VREdominated energy system.
Principal ideas are:
▪ A hybrid process that integrates electrolysis with biomass gasification and synthesis
and can shift between summer/winter operation modes to provide flexibility for the
energy system.
▪ In the summer season, renewable fuel intermediate (FT-product) is produced from
biomass carbon boosted with solar power-driven electrolysis. A small amount of byproduct heat is produced to cover the demand for district heating. Biomass
consumption is halved compared to the wintertime operation and 50 % of the input
energy comes from low-cost excess electricity.
▪ In the winter season, the plant is operated without the electrolyser in a way that
biomass conversion to liquid fuel intermediate, heat and electricity is maximised.
▪ Most of the invested plant components are in full use throughout the year - only the
electrolysis unit is operated seasonally.
▪ The key enabling technologies are developed and further validated on a pilot scale to
reach TRL5.

Consortium

Duration: March 2018 – April 2021, 38 months

EU contribution: 4 489 545 €
Type of action: Research and innovation
Topic: Developing the next generation technologies of renewable electricity and heating/cooling
Coordinator: VTT Technical Research Centre of Finland Ltd, Esa Kurkela
This project has received funding from the European
Union’s Horizon 2020 research and innovation
Programme under Grant Agreement No 763919.
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