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Project Summary
FLEXCHX develops a novel process for flexible combined production of 

power, heat and transport fuels from renewable energy sources

PROCESS IDEA FOR HIGHLY-FLEXIBLE COMBINED FUEL AND HEAT PRODUCTION

OPERATION DURING ’SOLAR ENERGY SEASON’           OPERATION DURING ’DARK HEATING SEASON’

www.flexchx.eu

 FLEXCHX is a three-year EU Horizon 2020 project (2018-2021) with almost 4.5 million in EU funding

and a consortium of 10 partners.

 The project presents a novel method for managing the seasonal mismatch between solar energy

supply and demand for heat and power that is highly pronounced particularly in Northern and Central

Europe. The FLEXCHX concept constitutes a complete rethinking of how combined heat and power

should be produced in VRE-dominated (variable renewable energy) power grids, and how the use of

excess solar and wind energy can be combined with effective use of biomass residues.

 The FLEXCHX concept is based on a flexible and integrated hybrid process that combines electrolysis

of water with gasification of biomass and catalytic liquefaction (Fischer-Tropsch synthesis). The key

enabling technologies are developed and further validated in pilot scale to reach TRL5.
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Technical Work Packages

 WP1 Coordination and Management

 WP2 Concept development 

 WP3 Gasification and raw gas cleaning

 WP4 Reforming and final syngas cleaning

 WP5 Flexible FT synthesis

 WP6 Validation of the key enabling technologies 

 WP7 Integration of FT products to refineries 

 WP8 Techno-economic & environmental assessment of the process concepts

 WP9 Dissemination and Exploitation 

FLEXCHX - Work packages and their interdependencies FLEXCHX  - Approach and activities

FLEXCHX project presents a cost-effective solution to tackle the 

challenges of VRE-dominated energy system. Principal ideas are:
 A hybrid process that integrates electrolysis with biomass gasification and synthesis and can shift

between operation modes (summer/winter) to provide flexibility for the energy system.

 In summer season, renewable fuel intermediate (Fischer-Tropsch product) is produced from biomass

carbon boosted with solar power-driven electrolysis. A small amount of by-product heat is produced to

cover the summer time 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 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.
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Vuosaari Power Plant area, 

Finland

www.flexchx.eu

Integration of the FLEXCHX process to potential CHP applications
 Potential district heating and industrial CHP applications in Lithuania and Finland have been assessed

by Lithuanian Energy Institute, HELEN, Kauno Energija and Enerstena

 Data from several CHP plants were collected and the feasibility of integrating FLEXCHX plants to

existing heating systems was evaluated. Four different cases were selected as potential sites for

industrial demonstration.

 Preliminary evaluations indicated that the size and location of biomass-based district heating plants in

Lithuania were particularly favourable for FLEXCHX and thereby well suited for the initial markets for

FLEXCHX technology.

 CHP cases (FLEXCHX unit integrated with a CHP plant) could be the most feasible candidates for

realizing industrial demonstration and flag ship projects.

 Concept-related studies of WP2 have created valuable data on the surrounding market conditions of

combined heat and power production and related biomass availabilities as well as on the targeted

process performance.

Noreikiškes boiler house, 

Lithuania

Petrašiūnai Power Plant, 

Lithuania

JSC Foksita Power Plant, 

Lithuania

Biomass availabilities in different regions of Europe were reviewed
 Enerstena assisted by Lithuanian Energy Institute and VTT have together evaluated the biomass

feedstock potential in Europe, particularly in Lithuania and Finland.

 Biomass feedstock survey, the public Deliverable D2.3 “Report on sustainable available feedstock

basis”, is available on FLEXCHX website www.flexchx.eu

Straw WasteForest residue Used Wood 

Review of electrolysis technologies and their integration alternatives 
 DLR has carried out a literature review investigating state-of-the-art electrolysis technologies and their 

integration into the FLEXCHX process – results are presented in a public Deliverable D2.1 “ Review 

report on electrolysis technologies” on www.flexchx.eu
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WP3 Gasification and Raw Gas Cleaning

PRESSURISED

FIXED-BED 

OXYGEN-BLOWN 

GASIFICATION

PRESSURISED

FIXED-BED 

OXYGEN-BLOWN 

GASIFICATION

Gasification Test Campaign on August 2019 at SXB Pilot Plant, 

Co-operation with Enerstena at VTT Bioruukki, Finland.

www.flexchx.eu

Raw gas filtration is developed by VTT & a SME company Grönmark.

FLEXCHX PROCESS

 Target scale: 10-50 MW (biomass input), wide 

feedstock base

 Concept: Co-production of FT wax, heat and power

• Utilisation of renewable electricity (solar, wind)

• Refining of FT products to transport fuels 

 Key technologies: 

• Pressurised fixed bed gasifier (updraft primary 

stage and catalytic secondary stage)

• Robust filtration and catalytic reforming

• Compact FT-synthesis

 Pilot-scale development in Bioruukki 2017 - 2020

 Demonstration 2021 - 2023

Objective: to develop a flexible pressurised

gasification process based on a highly

innovative, two-stage fixed-bed (SXB)

gasifier followed by robust gas filtration.

 During the first year of the project, the existing

pilot plant of VTT was modified from an air-

blown gasifier to meet the targets of the

FLEXCHX process - operation with varying

ratios of gasification agents (oxygen, air,

steam and carbon dioxide).

 Gasification and gas cleaning test campaigns

started in spring 2019.

 Two successful gasification test campaigns

were carried out simulating different operation

modes of the FLEXCHX process.

 Tests were performed with clean wood, forest

residues and bark. Agro biomasses and

demolition wood will be tested in the upcoming

test campaigns.

 Validation tests for the whole FLEXCHX

concept will be carried out in early 2020.

 The goal is that the SXB process will be ready

for industrial demonstration in 2021. Potential

production sites are screened together with

industrial project partners.
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WP4 Reforming and Final Syngas Cleaning

www.flexchx.eu

Objective: To develop a robust and cost-effective gas cleaning

technology to fulfill the gas quality requirements of FT synthesis

WP5 Flexible FT Synthesis
Coated pellets (left) and Biomass tar rig at Johnson Matthey, UK.

Objective: To develop a flexible FT synthesis process that can

operate under various operation modes of the FLEXCHX process

without compromising performance targets

Development of a load flexible FT-Synthesis, INERATEC

 Experimental results

will be used to define

and validate the

enhanced process

control for flexible

FT-synthesis

 Johnson Matthey has developed and tested

impurity tolerant and robust reformer catalysts.

 New reformer catalysts have been scaled-up

successfully and optimal coating techniques

have been developed.

 Johnson Matthey’s catalysts will be tested at

SXB pilot plant in the validation tests of WP6.

 Development and testing of the final gas

purification system will be realized at a slip-

stream of the SXB pilot plant.

 Ineratec has performed several lab and bench-scale experiments to study the effects of critical

process variables on the performance of the FT unit and catalyst.

 In bench-scale tests, the focus was to improve the control strategy of the evaporation cooled FT

reactors. Start/stop strategies and procedures for automated control of evaporation cooling have been

successfully developed.
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WP6 Validation of The Key Enabling Technologies

BIOMASS
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FT SYNTHESIS (MOBSU)

MOBILE SYNTHESIS (MOBSU)

1 MW SXB PILOT PLATFORM

Objective: To validate the performance of key enabling technologies

at the 1 MW pressurized gasification pilot plant

6www.flexchx.eu

The SXB gasification pilot plant, Fischer-Tropsch synthesis (MOBSU) and the modifications to be executed in FLEXCHX project.

GUARD 

BED

SULFUR 

REMOVAL

WATER 

SCRUBBER

 Gasification process development in WP3-4 and FT synthesis development in WP5 will provide the

technical starting point for the validation tests of WP6.

 The key enabling technologies of FLEXCHX will be validated at the pilot gasifier of VTT, including:

o Tests without electrolysis – maximised conversion to power/heat and FT wax

o Tests simulating integrated operation with electrolysis - maximised production of FT

syncrude together with a small amount of by-product heat

o Tests simulating shorter term changes in the energy market (daily/hourly basis) – flexible

and swift response to changes in electricity prices and/or heat demand

 Technology providers ENS, GRM, JM and IT will participate both in the evaluation work as well as in

the actual validations tests.

 HSE (Health, Safety and Environment) aspects related to the new gasification and fuel synthesis

process will be analysed and assessed.
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WP7 Integration of FT Products to Refineries

WP8 Techno-economic & Environmental Assessment of  

The Process Concepts

www.flexchx.eu

 The general process model and evaluation work carried out by DLR will provide detailed assessments

of the technical, economic and environmental performance of the FLEXCHX concepts.

 The new Aspen Plus® based process model will help the project team to better understand the

performance drivers and bottlenecks of the concept. Process configurations can be adapted in order to

find optimal solutions for different (market) prerequisites.

 First promising cost estimates are already available and will be validated and improved based on the

coming experimental results of the other FLEXCHX work packages.

 Life-cycle assessment (LCA) that covers the whole production chain will be conducted by DLR.

 An essential part of WP8 is to prepare a road map for industrial exploitation of the FLEXCHX

technology. This includes two critical steps: a) industrial demonstration, and b) building of the first

commercial-scale production unit, the “Flag ship” plant.

 The public report D7.1 Review of

European refining industry and

transportation fuel market (available

on www.flexchx.eu) presents the co-

processing possibilities of FLEXCHX

Fischer-Tropsch syncrude into

potential products in the refining

industry and provides an overview of

the European market potential for

these final products.

 Based on the pre-feasibility studies,

most promising cases of introducing

FT products into the refining industry

were defined. Potential FLEXCHX syncrude integration pathways

The market potential of FT-derived products within the future

transportation system has been assessed by Neste Engineering

Solutions
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WP9 Dissemination and Exploitation
First Industrial Topical Workshop in Lithuania 

Workshop participants in Kaunas, Lithuania.

 On 3rd April 2019, “Highly Flexible

Combined Heat, Power and Transport Fuel

Production – Prospective Technology in our

Energy Future” workshop took place in

Kaunas, Lithuania.

 The workshop gathered together around

100 representatives from CHP and oil

industries, and other stakeholders of

renewable energy value chains.

 The workshop included presentations from

project participants (VTT, HELEN,

INERATEC, & NESTE) and also from

invited speakers representing key industries

and Lithuanian district heating associations,

policymakers and financing bodies.

Second Industrial Topical Workshop “Flexible  

combined production of heat, power and 

transport fuels - Hybrid renewable systems 

and integration to oil refining industry” will be 

held in Stuttgart in September 2020.

H2020 Contractor’s Workshops in Brussels 
FLEXCHX project was presented at several clustering meetings on H2020 projects in the area of

Biofuels and Alternative Fuels, organized by INEA and held in Brussels.

The objectives of the workshops were to identify synergies and establish collaborations &

information exchange between projects, agree on and plan joint communication and dissemination

activities and get familiar with Commission services facilitating exploitation & dissemination of project

results, learning about other potential funding opportunities.

8www.flexchx.eu

H2020 Workshop at INEA, May 2019, Bryssels.

 Horizon 2020 Workshop on Bioenergy, Advanced 

Biofuels and Renewable fuels, April 2018, 

Brussels, Belgium

 H2020 Contractor’s Workshop - Biofuels and 

Alternative Fuels project, June 2018, Brussels, 

Belgium 

 H2020 Contractor’s Workshop - Biofuels projects, 

May 2019, Brussels, Belgium 

The Industrial Topical Workshop of FLEXCHX was opened

with presentation of Lithuanian Energy Minister, Žygimantas

Vaičiūnas, in Kaunas. Minister introduced the outlook for

renewable energy sector in Lithuania.
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WP9 Dissemination and Exploitation

EUBCE2019 in Lisbon

N. Striugas from LEI presenting FLEXCHX poster in EUBCE2019. 

 FLEXCHX project was presented at EUBCE 

2019 on 27-30th May 2019 in Lisbon  by oral 

presentations and poster presentation:

o VTT: Flexible hybrid process for combined 

production of heat, power and renewable 

feedstock for refineries (E. Kurkela, S. 

Tuomi, M. Kurkela, 

I. Hiltunen)

o DLR: Flexibility in renewable fuel 

production from biomass – the role of 

electrolysis boosted Fischer-Tropsch 

synthesis (F. Habermeyer) 

o LEI (poster): Integration of waste heat 

streams into industrial CHPs or district 

heating units (R. Skvorčinskienė, N.

Striūgas, E.Kurkela, R. Bakas, M.Radinas) 

 The European Commission's Directorate-

General for Research and Innovation in

collaboration with the SET Plan Action 8 EU

Member States, ETIP Bioenergy, RHC ETIP,

EERA Bioenergy organized a side event:

Paving the way towards Clean Energy 

and Fuels in Europe

 The FLEXCHX project is one of the key RTD

projects within the Horizon2020 project

portfolio under this theme. Esa Kurkela from

VTT and Ralph-Uwe Dietrich from DLR

participated actively in the roundtable

discussions of this side event.

FLEXCHX project was presented in the following events:
 ProcessNet - March 2019, DECHEMA-Haus, Frankfurt/Main, Germany (DLR).

 16. FAD-Konferenz 2018,  Nov. 2018, Dresden, Germany (DLR).

 4th Scientific SCI Meeting - Integrated Energy Sept. 2018, DLR Stuttgart, Germany (DLR).

 ACI’s 7th Annual Gasification Summit 2018, March 2018, Frankfurt, Germany (VTT).

9www.flexchx.eu

Timo Ritonummi (Finland) in EUBCE2019 side event, 29 May 2019.

EUBCE 2019 Proceedings available:

www.etaflorence.it/proceedings/

 Mr. Timo Ritonummi, Deputy Director General in

Energy Department of Ministry of Economic

Affairs and Employment, Finland, presented the

SET plan and especially Action 8 “Bioenergy

and Renewable Fuels for Sustainable

Transport”.
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Consortium
The project consortium comprises 10 partners

from 4 European countries

 Three research organizations: VTT (Finland),

Lithuanian Energy Institute (Lithuania) and

DLR (Germany),

 Five industry participants: Enerstena

(Lithuania), Johnson Matthey (UK), Neste

Engineering Solutions (Finland), Kauno

Energija (Lithuania) and Helen (Finland)

 Two SMEs: INERATEC (Germany) and

Grönmark (Finland).

 The FLEXCHX consortium brings together

chemical engineering, power plant

technologies, construction and engineering

know-how and business understanding.

 Duration: March 2018 – February 2021, 3 

years

 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

TITLE:

Flexible combined 

production of power, heat 

and transport fuels from 

renewable energy 

sources

ACRONYM:

FLEXCHX

Project Facts

#FLEXCHX #H2020
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FLEXCHX Meeting on September 2018 at VTT Bioruukki, Finland

FLEXCHX Consortium Meeting on April 2019, Kaunas, Lithuania. 

www.flexchx.eu

VTT Technical Research Centre of 

Finland Ltd, Finland
VTT

UAB Enerstena, Lithuania ENS

INERATEC, Germany IT

Deutsches Zentrum Für Luft- und 

Raumfahrt e.V., Germany
DLR

Helen Oy, Finland HELEN

Lithuanian Energy Institute, Lithuania LEI

Kauno Energija AB, Lithuania KE

Neste Engineering Solutions, Finland NES

Johnson Matthey PLC, UK JM

Oy Brynolf Grönmark AB, Finland GRM
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