
This project has received funding from the European Union's HORIZON Research and 
Innovation Actions under Grant Agreement No. 101177480. Views and opinions 
expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or European Health and Digital Executive Agency 
(HADEA). Neither the European Union nor the granting authority can be held
responsible for them.

Production of bio-binders through Thermo-
Chemical Fractionation of biomass

Prepared by:
Hans Heeres

Date
21-23 April 2026
Biocarbon in Metallurgy
Krakow, Poland



2

Content

o Introduction

▪ MECALO

▪ Fast pyrolysis

▪ Fractionation

o Production & testing of Bio-binders

o Properties of Bio-binders

o Bio-binder from lab to pilot

o Thermo-Chemical Fractionation in the near future



3

o MECALO is a Horizon Europe funded project

▪ Started in October 2024, running for 3.5 y

o MECALO will develop a production route where 

renewable hydrogen is used to indirectly 

substitute for fossil carbon reductants. Goals:

▪ To target 95% reduction of CO2-emissions 
from Si and Mn production

▪ To replace 9 mill. tons of annual coal 
imports by 15 mill. Nm3 of H2 in 2050

▪ To save 33 mill. tons of annual CO2 
emissions in 2050

The overall ambition of MECALO is to develop an innovative CO2-free production concept for CRM’s (Si & Mn) where renewable 
hydrogen is used to eliminate the need for fossil carbon

MECALO’s concept will be applicable to all carbon reduction processes (carbothermic reduction) without any need for completely 
new, low TRL production technology. Therefore, MECALO will strengthen the EU’s capacities and resilience for a secured and 
sustainable supply of these CRM’s

The MECALO project
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The MECALO project

MECALO process:

BTG will produce the bio-binders required to 

manufacture the C-MO agglomerates

Carbothermic reduction
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The MECALO project

MECALO is gathering EU leading RTO and industries along the CRM value chain, including two major players in 
the field of Si and Mn production. 15 partners in total
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Bio-binders from FPBO and fractions; Why?

o FPBO can be produced from various residual biomass in high yields

o Fast pyrolysis converts biomass to a mineral free liquid called Fast 

Pyrolysis Bio-Oil (FPBO)

o BTG-BTL’s fast pyrolysis technology is self-sufficient in energy

o Fast pyrolysis is commercially available (NL, SE, FI), all 5 t/h input → 3.2 – 

3.5 t/h FPBO production

o Fractionation of FPBO further unlocks the biomass

o First fractionation demonstration plant foreseen for 2027; Biorefinery 

Twente
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Fast Pyrolysis; How does it work?

o Thermal cracking of organic material in 

absence of oxygen

o Main product: fast pyrolysis bio-oil (FPBO)

▪ Not an oil, but a complex emulsion of 

depolymerised BM (70 wt.%)

o Other products: gas and char (15 & 15 wt.%)

o Minerals recovered at low temperature

o Typical Process conditions

▪   T = 400 - 600 °C

▪   P = atmospheric

▪   gas ~ seconds

Property

Water content

Solids content

Density

LHV

pH

MCRT

Viscosity (40 °C))

Unit

wt%

wt%

kg/l

MJ/kg

wt%

cSt

Value

25,4

0.04

1,170

16,1

2.85

15,1

13,0

BTG fast pyrolysis pilot plant – 3 t/d FPBO
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Fractionation of FPBO; How does it work?

The combination of fast pyrolysis followed by the fractionation of the FPBO is called Thermo-chemical fractionation (TCF)

o Key biomass functionalities retained in the 

pyrolytic fractions

o Fractionation process based on liquid-liquid 

extraction

o Each fraction is used directly as raw material in 

bio-based products or a starting point in further 

processing

o No byproducts/waste

o At BTG the fractionation of pyrolysis oil is 

performed on pilot-scale

▪ Developed/built in Bio4Products

▪ Commissioned in Q4, 2018 

▪ Capacity: 3 t/d of oil processing 
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Fractions from FPBO; What’s the difference?

The fractions:

o Pyrolytic Sugar Syrup (PSS)

▪ Depolymerized cellulose/hemi-cellulose

o Liquid Pyrolytic Lignin (LPL)

▪ Depolymerized lignin

o Solid Pyrolytic Lignin (SPL)

▪ Post-treated Liquid Pyrolytic Lignin

As Bio-binder, what do we want?/were to start?

o High yield from BM

o High CR & good binder properties

o Low cost (minimization of processing)

o Low content of PAH’s and minerals

o Start with FPBO & fractions mentioned

LPL (UVCB):
CAS number PL: 2411004-28-7
REACH number PL: 01-2120886738-31-0000
Dossier submitted in June 2021 (1-10 t/y)

Lignin/phenolic functionality

UVCB: Substances of unknown or variable composition, complex reaction products, or biological material

PSS (UVCB):
CAS number PS: 2414605-13-1
REACH number PS: 01-2120886739-29-0000 
Dossier submitted in June 2021 (1-10 t/y)

Sugar functionality

SPL (UVCB):
SPL is polymer; no REACH required 
CAS number SPL: 2411004-20-9

Lignin/phenolic functionality
Lights removed & condensed
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Bio-binder testing; How to begin?
“Standard” FPBO and fractions tested by ITPE

o Carbon Residue (CR) as important indicator. Low CR → high 

loss of material during heating & more binder used

o High CR required for strong agglomerates

o ICP/XRF show relatively low amounts of P, S, B, Cl.
▪ FPBO: P: <2,5. S: 44,0. B: <1,0. Cl: <10,0 mg/kg

o FPBO derived Bio-binders are low in PAH’s
IEA-REACH-related-compounds-in-FPBO-final2.pdf

FPBO: Fast Pyrolysis Bio-Oil, SPL: Solid Pyrolytic Lignin, LPL: Liquid Pyrolytic Lignin, PSS: Pyrolytic Sugar 

Syrup. CR: Carbon Residue

First conclusion in agglomerate binder testing:

o LPL too viscous, SPL seems ok especially as  a 

powder

o PSS ok, but a bit low in CR

o FPBO low CR + contains much lights

Powders could also work for other fractions!?

https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/08/IEA-REACH-related-compounds-in-FPBO-final2.pdf


11

Bio-binder testing; Production of powders

Production of powders from FPBO and PSS

o Production of powder: To reduce the thermal 

degradation of the bio-binder and retain a sufficient high 

carbon residue and structural robustness

o Powders are produced by post-treatment, solidification & 

grinding

o CR increases compared to untreated fractions

o GPC analysis of the powders indicates a polymer 

molecular weight distribution (REACH)

o The laboratory-scale process enabled the straightforward 

production of tens of kilograms of powder

CR: Carbon Residue, GPC: Gel Permeation Chromatography
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Bio-binder testing; From lab to pilot
Translating lab-scale to pilot-scale

o From kg scale → hundreds-of-kg scale

o Start with processing of sugars (PSS) to PSP, then FPBO to FPBOP

Results; Pyrolytic Sugar Powder production

o Multiple tests performed 

o A direct one-to-one translation of the laboratory-scale process to pilot scale was not 

feasible; process conditions had to be adjusted to obtain the same material 

properties

o Hundreds-of-kg material produced → currently tested by partners

CR: Carbon residue. 
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Bio-binder testing; From lab to pilot

Results; Fast Pyrolysis Bio-Oil Powder production

o Multiple tests performed 

o As for the PSP, process conditions had to be adjusted to obtain the same material 

properties as on lab

o Hundred+ kg material produced

o All powders (PSP & FPBOP) to be tested by partners in production of various 

agglomerates

CR: Carbon residue. 
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Thermo-Chemical Fractionation; Outlook

▪ Bench-scale → Pilot-scale → Demo-scale
▪ Growing demand for larger quantities of fractions
▪ BTG-BTL currently working on realization of a first demo-plant
▪ Multiple interested end-users → Lignin to be used by Kingspan for insulation materials
▪ Rest fractions blend in FPBO → Royal Friesland Campina in boiler applications

Bench-scale 12 kg/h input
Operational since 2011 
BTG Enschede

Pilot-scale 3 t/d input
Operational since 2018
BTG Enschede 

Demo-scale: ~25 t/d input
Operational: 2027
Empyro Hengelo (3,2 t/h FPBO)

Basic design
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