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Biorefining and bioenergy Fibre technology and applications

Biocomposites Nanocellulose and carbohydrate 

polymers

Focus areas at RISE PFI
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Outline

▪ Produksjon av biokull

▪ Om pyrolyse

▪ Laboratorieverktøy for å utvikle
pyrolyseprosesser

▪ Anvendelser for biokarbon

▪ Pågående initiative

▪ Effekt av råstoff

▪ Utfordinger og muligheter



▪ Pyrolysis – Thermal processing of biomass in absence of oxygen

Conditions Liquid Biocarbon Gas

Fast pyrolysis "Thermal Liquefaction"
~ 500oC, short vapor 

residence time ~ 1-2s
75 % 12 % 13 %

Intermediate 

pyrolysis

"Carbonisation" and " 

Thermal liquefaction" 
~ 400oC, long vapor residence 

time ~ minutes to hours
45 % 30 % 25 %

Slow pyrolysis "Carbonisation"
~ 400oC, long vapor residence 

time ~ hours to days
35 % 35 % 30 %

Gasification ~ 800oC 5 % 10 % 85 %

Hydrothermal 

liquefaction 
"Thermal Liquefaction"

Temperature (300–400°C), 

high-pressure (200-300 bar) 
60-80% 5-20% 15-30%

Mode

Pyrolysis technologies
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Slow pyrolysis 

▪ Industrial carbonisation 
process 

▪ About 30-35% charcoal yield 

▪ No utilisation of  byproducts

Intermediate pyrolysis 

▪ Somewhat lower charcoal 
yield

▪ Utilize condensate 
byproduct

Pyrolysis technologies



Pyrolysis technologies

National Team Leaders for IEA Bioenergy Task 

34 – Pyrolysis at the opening of EMPYRO in 

Hengelo Netherlands 20th May 2015. 

Fast pyrolysis 



Pyrolysis technologies



RISE PFI  – Tools

Tools for characterising biocarbon materials 

▪ Fuel properties

▪ Chemical characteristics

▪ Morphological characteristics 

▪ Strength properties

Tools for characterising pyrolysis liquids

▪ Fuel properties

▪ Chemical characteristics

▪ Upgrading techniques 

Pretreatment techniques 

▪ Grinding 

▪ Pelletizers and briquetting press 

▪ Techniques for analysing strength properties 
of agglomerated materials



RISE PFI  – Tools

Bench scale 

▪ Carbonisation 
reactors  



RISE PFI  – Tools

Pyrolysis Process 
Development Unit  

▪ Fast pyrolysis with/without 
fractional condensation

▪ Carbonization by slow or 
intermediate pyrolysis 
with/without fractional 
condensation  

▪ Catalytic fast pyrolysis

▪ Fast pyrolysis with direct 
catalytic vapour upgrading  



RISE PFI  – Tools

Pyrolysis tandem 
reactor system with 
GCMS detector  

▪ Screening pyrolysis 
conditions 

▪ Screening catalysts 

▪ Raw material 
flexible reactor 
system
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Outline

▪ Produksjon av biokull

▪ Om pyrolyse

▪ Effekt av råstoff

▪ Laboratorieverktøy for å utvikle
pyrolyseprosesser

▪ Anvendelser for biokarbon

▪ Pågående initiativ

▪ Utfordinger og muligheter



13

▪ Kalkholdig karbonisert biobrensel egnet for sintring av manganmalm (BioSinter)

Biocarbon applications  – Fornybart biobrensel



Biocarbon applications – Biokarbon som vekstmedium
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▪ Bærekraftige jord og vekstmedier (Decarbonize)
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▪ Biobasert reduksjonsmateriale til produksjon av silisium

▪ Elkem har som mål at minst 40% av reduksjonsmiddelet
skal være fornybart innen 2030  (PyrOpt / LiCoSi )

Biocarbon applications  – Reduksjonsmiddel i metal produksjon
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▪ Biobasert reduksjonsmateriale til produksjon av manganlegeringer

▪ Eramet har som mål å kutte klimagassutslipp med 43% innen 2030 (PyroGass)

Biocarbon applications  – Reduksjonsmiddel i metall produksjon
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▪ Oppgradering av avfallstrevirke og katodeavfall fra aluminium 
produksjon basert på pyrolyse (OPPY)

Biocarbon applications  – Oppgradering av kontaminert avfall
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▪ Aktivert biokarbon

▪ Luftrensing

▪ Vannrensing 

▪ Aktive materialer 

▪ Anodemateriale

▪ Batterier

▪ Elektroder

▪ osv

Biocarbon applications – Nye applikajoner
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Feedstock characteristics

▪ Moisture content

▪ Ash content / inorganics

▪ Nutrients

▪ Density

▪ Mechanical pretreatement / 
Agglomeration etc

Biocarbon production – Feedstock
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Key challenges

▪ Profitability

▪ Product functionality

Potential in novel pyrolysis technology

▪ Very low carbon yields in commercial
biocarbon production by slow pyrolysis

▪ Side product valorisation

▪ Logistics

▪ Integration advantages

▪ Speciality biocarbon products

Biocarbon production – Challenges and possibilities 
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▪ Spørsmål ?

kai.toven@rise-pfi.no


