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FLEXCHX: Hybrid process for flexible production of 
power, heat and transport fuels
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The FLEXCHX concept addresses these challenges by:

1) offering CHP and district heating companies new business possibilities in combining fuel and
heat production, and

2) providing balancing capacity for the future energy system.
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Gasification Technologies 
for small-to-medium 
scale syngas plants

Esa Kurkela, VTT
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Large-scale BTL plant based on pressurized 
oxygen-blown fluidized-bed gasification
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Medium-scale Low CapEx process for 
combined FT liquids and heat production

Heat to
gasifier
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BIOMASS

BED 
MATERIAL

CFB 
GASIFIER

STEAM

FUEL FEEDING: 
LOCK HOPPERS

CFB 
OXIDISER

FILTER

N2

PRODUCT 
GAS

CATALYTIC 
REFORMER

Air

SLIP STREAM GAS 
CLEANING TRAIN

FILTER

FLUE GAS

DFB pilot at Bioruukki
basic gasification concept of COMSYN project 

VTT Technology Publication
https://www.vttresearch.com/sites/default/files/pdf/technology/2018/T347.pdf

700-800 °C

820-920 °C

BED MATERIAL & 
FUEL

AIR

CFB + CFB

https://www.vttresearch.com/sites/default/files/pdf/technology/2018/T347.pdf
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Syngas concepts based on CFB reactors can be designed 
based on industrial experiences from fuel gas applications

LAHTI II, 160 MW WASTE-TO-ENERGY

NOVEL WASTE
CONVERSION 
PLANTS
o high electric efficiency
o recovery of metals and

phosphorus

REPLACEMENT OF FOSSIL FUELS
IN BOILERS AND KILNS 
o wood, agrobiomass
o 10 - 200 MW fuel

BIOMASS/WASTE 
GASIFIERS FOR POWER

GASIFIER
DEVELOPMENT

JOUTSENO LIME KILN 2012

LAHTI 60 MW 

1985 1995 2000         2005 2010 2015            2020 2025             2030

R&D AND PILOTING AT VTT

LIME-KILN
GASIFIERS





VTT PROSESSIT
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BOTTOM ASH 

SXB GASIFIER

FILTER

O2 + steam/CO2

FUEL FEEDING 
LOCK HOPPERS

ADDITIVE 
FEEDER

N2

CATALYTIC 
REFORMER

PRODUCT GAS

GAS
COOLER

O2 /air + steam/CO2 

GAS
COOLER

FLY DUST 

ULTRA 
CLEANING UNIT

(UC5)

FT PRODUCT

FT 
SYNTHESIS
(MOBSU)

Pressurised Staged Fixed-Bed (SXB) 
Gasification Pilot Plant

Gasification process of the FlexCHX project
Industrial target: 5 - 50 MW feedstock capacities

1 MW pilot plant at VTT Bioruukki

UPDRAFT 
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Catalytic reforming in FLEXCHX
Benjamin Rollins

19 January 2021



Steam reforming of tars and methane
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�‡ Biomass gasification produces syngas as well as heavy organic compounds, 
known as tar.

�‡ These tars are typically aromatic compounds as well as benzene and naphthalene.

�‡ Tar species quickly foul the machinery in a biomass gasifier and make the syngas 
unusable for applications such as fuel cells.

�‡ A major part of the FLEXCHX project was to develop a robust and effective steam 
reformer catalyst to effectively convert this tar to additional syngas.

CxHy + xH 2O xCO + (y/2+x)H 2

Typical steam reforming reaction equation



The 1 MW SXB -gasifer
plant, the 0.5 bbl /day 
MOBSU-FT unit located 
�D�W���9�7�7�¶�V���3�L�O�R�W�L�Q�J���&�H�Q�W�U�H
Espoo, Finland and the 
modifications to be 
executed in FLEXCHX. 

FLEXCHX pilot testing



FLEXCHX pilot testing



Challenges facing reforming catalyst

�‡ Reforming catalysts are typically based on nickel or 
PGMs such as platinum or rhodium.

�‡ Nickel catalysts are cheaper but suffer more from 
issues surrounding coke formation and irreversible 
sulphide formation.

�‡ PGMs are more expensive but typically have much 
better durability and can be used at lower loadings.

�‡ Reforming is an endothermic process. There is a 
negative feedback as increases conversion lowers the 
gas temperature.
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Conversion of toluene and benzene under identical conditions except 
for varying concentrations of H 2S for a rhodium based catalyst .



Steam reforming catalysts
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�‡ A variety of different catalysts were supplied as 
part of the FLEXCHX project.

�‡ Each served a different purpose.

�‡ Screened in JM test rig.

�‡ Initial, bulk tar reforming was carried out with a 
rhodium based catalyst, this catalyst has good 
thermal stability and activity.

�‡ Later methane reforming was carried out with 
catalysts containing platinum which has a 
higher methane conversion.

�‡ Nickel based catalysts were also included as a 
heat shield for the PGM catalysts. A selection of PGM and nickel based reformer catalysts.



Pilot plant reformer results



Pilot plant reformer results �± effect of poisons
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�‡ �7�K�H���S�U�H�V�H�Q�F�H���R�I���D�P�P�R�Q�L�D���G�R�H�V�Q�¶�W���V�H�H�P���W�R���D�I�I�H�F�W���W�K�H���F�R�Q�Y�H�U�V�L�R�Q���R�I���W�D�U�V���E�X�W���L�W���V�W�L�O�O���Q�H�H�G���W�R���E�H���U�H�P�R�Y�H�G���E�H�I�R�U�H��
Fischer Tropsch synthesis unit.

�‡ The reformer catalyst helps to remove some ammonia before the gas purification system.



Impact of FLEXCHX

Technical Impact:

�‡ JM have strengthened their competencies of the reforming of hydrocarbons in bio -syngas.

�‡ The effect of temperature and poisons on durability has been extensively studied.

�‡ Catalyst cost models have been refined.

�‡ Highlight: JM materials used throughout the reforming process flowsheet.

�9 OVERALL: JM reforming catalyst has been demonstrated for > 160 hrs @ 1MW scale.

Material and science Innovation:

�‡ Developmental catalysts have been successfully tested at pilot -plant scale (providing a 

reference).

�‡ Novel reforming opportunities investigated.

�‡ Use of PGM catalysts helps mitigate the effects of H 2S poisoning and provides durable, 

highly active catalysts.
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Sorbent -based final gas 
clean -up

Christian Frilund
19.1.2021

VTT �±beyond the obvious



VTT �±beyond the obvious

Final gas cleaning
Targets

�ƒ Catalytic synthesis: Strict gas purity requirements

Fluidized bed gasification (steam ), 
post -filtration+reforming

Purity requirement (FT cat .)

Impurities (ppmv) Woody-
residues

Agro-residues Leibold et al. 
(SASOL)1

Boerrigter et al.2

H2S 20 - 200 40 - 400 < 0.01 < 1
COS 2 - 20 1 - 40
HCN 0.5 - 5 1 - 10 < 0.02 <  1
NH3 50 - 500 100 - 1000
Halides < 2 < 5 < 0.01 < 0.01

Alkalis < 1 < 1 < 0.01 < 0.01

Tars < 100 < 200 Below dew point Below dew point

1 Leibold et al.https://doi.org/10.1016/j.powtec.2007.05.012
2 H. Boerrigter et al. Green Diesel from Biomass via Fischer-Tropsch synthesis: New Insights in Gas 
Cleaning and Process Design, Pyrolysis Gasif. Biomass Waste, Expert Meet. (2002)



Final gas cleaning

VTT �±beyond the obvious

Challenges:
�‡ Deep removal requirement
�‡ Multicontaminant gas composition
�‡ Varying concentrations due to biomass

heterogeneity

Conventional gas cleaning solutions:
�‡ Solvent scrubbing methods
�‡ Rectisol/Selexol-type absorption processes

�G�R�Q�¶�W�d́ownscale�´��well
�Æup to 20+ % of BtL plant total CapEx



VTT �±beyond the obvious

�ƒ Contaminant removal by dry-bed adsorption and organic solvent-free scrubbing

�ƒ Over 20 % lower CapEx and OpEx to conventional wet-scrubbing solutions

�¾ Tailored for biomass-specific gas impurity matrix/levels

�¾ Raw syngas relatively �ćlean�´����due to optimized hot gas cleaning �ÆSimpler final gas cleaning
technically/economically viable

�¾ Optional selective CO2 removal by pressurized water scrubbing
�¾ 50 �±80 % CO2 removal rate

Low -CapEx cleaning concept



VTT �±beyond the obvious

�ƒ ZnO capable of adsorbing inorganic compounds
�‡ Requires elevated temperatures, > 200 °C, to be effective

Adsorbent materials
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Fe2O3 < 0.5
TiO2 1-3
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Activated carbons (AC)

�ƒ ACs can adsorb both organic and inorganic
compounds
�‡ Active at low temperatures (< 100 °C)
�‡ Oxidative H2S removal identified as particularly effective:

�*�6�5
E
�5

�6
�1�6 �\ ���:�•�; 
E�� �6�� �Â�*�å 
O�r



VTT �±beyond the obvious

PDU-Scale Final gas cleaning

CONDENSER

ADSORBENT 
REACTOR

COMPRESSION
1 �Æ 5 bara

WATER 
SCRUBBER

GUARD BED 2

GUARD BED 1

COMPRESSION
5 �Æ30 bara 

N2

N2+CO2

Acid 
injection

Particulate filter

TO SYNTHESISRAW SYNGAS
AFTER HOT FILTRATION AND 

REFORMER

Particulate filter

Purge

BUFFER TANK

 

 

 

Purge

 

Absorber Stripper

ZnO/Al

Deoxygenation

Bulk AC

Impr. AC

Adsorbent materials

�‡ Hybrid of activated carbon (AC) and 
ZnO adsorbents

�‡ Dual function of ZnO-based adsorbent:
�‡ COS hydrolysis catalyst
�‡ H2S adsorption



22/01/2021 VTT �±beyond the obvious22/01/2021 VTT �±beyond the obvious

VALIDATION TEST RUNS FOR ENTIRE PROCESS; FROM GASIFICATION TO FT SYNTHESIS 

Biomass Gasification and 
hot gas cleaning

Final gas cleaning 
& compression

Intensified FT 
synthesis 

0.35-0.4 kg/h
Syncrude

�7�K�H���S�U�R�M�H�F�W�V���K�D�Y�H���U�H�F�H�L�Y�H�G���I�X�Q�G�L�Q�J���I�U�R�P���W�K�H���(�X�U�R�S�H�D�Q���8�Q�L�R�Q�¶�V���+�R�U�L�]�R�Q������������
research and innovation programme under grant agreement No 727476 
(COMSYN) and No 763919 (FLEXCHX).



Campaign results

VTT �±beyond the obvious

�ƒ The final gas cleaning process
achieved full removal of all analyzed
syngas impurities in: 
�‡ Woody-residue biomass
�‡ Agro-residue biomass

�ƒ Achieved syngas purity levels suitable
for catalytic synthesis

�ƒ Demonstrated the feasibility of 
simplified final gas cleaning (when
combined with optimized hot gas
cleaning

After hot gas 
cleaning

After final gas 
cleaning

Avg. 
(ppmv)

Max. 
(ppmv)

Avg
(ppmv)

S-Species 90 - 340 0.3 <0.1/ 0

N-Species 270 - 720 0/b d 0/b.d

Halogens n.a (1 - 5) 0/b.d 0/b.d

Metals n.a n.a n.a

Benzene and 
tars (g/Nm3) 0.2 - 0.4 0/b.d 0/b.d
Oxygen (vol %) 0 0/b.d 0/b.d

n.a not analyzed
b.d below detection limit



Conclusion

VTT �±beyond the obvious

�ƒ Expensive wet-scrubbing gas cleaning technology
replaced by adsorbent-based process
�‡ Tailored for biomass impurity profile
�‡ Economical at smaller scale

�ƒ Realization of process concept from idea to reality
�‡ Successful validation of gas cleaning process in full BtL configuration
�‡ Full removal of harmful species from real syngas



Christian Frilund
christian.frilund@vtt.fi

www.vtt.fi

�7�K�H���S�U�R�M�H�F�W�V���K�D�Y�H���U�H�F�H�L�Y�H�G���I�X�Q�G�L�Q�J���I�U�R�P���W�K�H���(�X�U�R�S�H�D�Q���8�Q�L�R�Q�¶�V���+�R�U�L�]�R�Q������������
research and innovation programme under grant agreement No 727476 
(COMSYN) and No 763919 (FLEXCHX).



INERATEC GmbH
INNOVATIVE CHEMICAL REACTOR TECHNOLOGIES

Company Overview

> Basedin Karlsruhe, Germany
> Foundedin 2016
> Headcount > 50 



Siemensallee 84 I 76187 Karlsruhe 

WORLDWIDE ENERGY CONSUMPTION 2035: >55% OIL AND GAS

ANNUAL CO2 EMISSIONS: >35,000,000,000 TONS

PROBLEM
W E  A R E  D E P E N D I N G  O N  H Y D RO C A R B O N S  M A D E  F RO M  O I L  A N D  G A S



Siemensallee 84 I 76187 Karlsruhe 

Greenhouse Gas Recycling by INERATEC
®

CO2 H2+
Power-to-X

Renewable
Fuels and Materials

SOLUTION
CO M PA CT C H E M I CA L P L A N T S  T H AT P RO D U C E  R E N E WA B L E  H Y D RO CA R B O N S

CH4
Gas-to-X



Siemensallee 84 I 76187 Karlsruhe 

Source: ausairpower.net

CONVENTIONAL
C O M P E T I N G  T E C H N O LO G I E S  D O  N OT M ATC H  W I T H  R E N E WA B L E  E N E RG I E S










































































































































































