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Pyrolysis technologies

Mode Conditions Liquid Biocarbon Gas
~ o
Fast pyrolysis |"Thermal Liquefaction" 590 < sh.ort vapor 75 % 12 % 13%
residence time ~ 1-2s
. n . . n n ~ (o] H
Interm?dlate Carbonls.atlon a.nd ) 400°C, long vapor residence a5 % 30 % 25 %
pyrolysis Thermal liquefaction time ~ minutes to hours
~ o 1
Slow pyrolysis .400 C, long vapor residence 359 359% 30 %
time ~ hours to days
Gasification ~ 800°C 5% 10 % 85 %

= Pyrolysis — Thermal processing of biomass in absence of oxygen
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Pyrolysis technologies

Slow pyrolysis

Industrial carbonisation
process

About 30-35% charcoal yield
No utilisation of byproducts

Intermediate pyrolysis

Somewhat lower charcoal
yield

Utilize condensate
byproduct

——————————————————————————————————————————————

Drying chamber Carbonization
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Biomass
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PARTOF RL.SE



Pyrolysis technologies

GAS
For export

L ..

BIOMASS

Ectrostatic
recigator

CHAR

To reactor or export BI0-OIL

335

Feryrlenas heate recyce

Fhoror cxicliss

Conditions Liquid Biocarbon

~ o
500°C, short vapor 75 % 12%

Fast pyrolysis  |"Liquefaction" ) )
residence time ~ 1-2s

il o I
Ny ,

2oy

o,

National Team Leaders for IEA Bioenergy Task
34 — Pyrolysis at the opening of EMPYRO in
Hengelo Netherlands 20" May 2015.
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Biocarbon reductant material

Key challenges
Profitability

Product functionality

Potential in novel pyrolysis technology

Very low carbon yields in commercial
biocarbon production by slow pyrolysis

Side product valorisation
Integration advantages
Logistiscs

Speciality biocarbon products

Lambiotte
SIFIC/CISR
Retort
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BioSinter

Ny teknologi for a produsere et kalkholdig karbonisert
biobrensel egnet for sintring av manganmalm basert pa
fyllstoffholdig restrastoff fra produksjon av avispapir

02 ALLSKOG Bio=*

BIOKRAFT

& Norske Skog |
Skogn ‘
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PyroGass - Biocarbon reductant material for Mn production

= Eramet Norge og Ferroglobe Manganese bruker
idag 300.000 tonn kull arlig til produksjonen
av Mn-legeringer noe som genererer arlige
utslipp pa 1 million tonn CO2.

ISke Hogskolen
0 gggbrugsSkog P F I I_m iSlZlngst-Norge
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PyrOpt / LICoSI

11

Elkem har som mal at minst 40% av reduksjonsmaterialet
skal veere fornybart innen 2030 (110.000 tonn) og at alt
reduksjonsmateriale skal veere fornybart innen 2050

Vil kunne gi en reduksjon pa CO2 utslipp pa 330.000
tonn pr ar tilsvarende 4% av CO2 utslippene fra Norsk
prosess industry og 0.6% of totale CO2 utslipp i Norge.

Si0O+2C=SiC+CO
2Si0=Si0, +Si |

&Elkem
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[EA Bioenergy

Task 34 Members: 2019-2021 Triennium
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Intermediates

Applications

Solvent Liquefaction

Heat and
Power

- -

Pyrolysis

Fast Pyrolysis
* Auger/Screw
* Rotating Cone
* Bubbling Fluid

Hydrothermal
Liquefaction

Bed
Solv.otherrnajl * Recirculating Fluid
Liquefaction Bed

Catalytic Pyrolysis

Direct Thermochemical Liquefaction

Bio-Crudes Upgrading
*Separations

+Catalysis
~*Chemical Modification

Bio-0ils

Chemicals
and

Biofuels Products

Axel Funke (Task 34 Leader)

Institute of Te (KIT), +
Leopoldshafen, GERMANY

Tel: +49 721 608 22391

Platz 1, D-76344 Eggenstein-

Email: axel.funke@kit.edu

Web: www.kit.edu

Bert van de Beld

BTG Biomass Technology Group by, Josink Esweg 34, 7545 PN, the NETHERLANDS
Tel: +31 53 486 1186

Email: vandebeld@btgworld.com

Web: www.btgworld.com

Linda Sandstrém

RISE Energy Technology Center, Industrigatan 1, 941 38 Pitea, SWEDEN
Tel: +46 10 516 911 23 23 85

Email: linda.sandstrom@ri.se

Web: www.ri.se

Christian Lindfors

VTT Technical Research Centre of Finland Ltd, Ruukinmestarintie 2, 02330, Espoo, Finland
T: +358 40 515 0429

Email: christian.lindfors@vtt.fi

Web: www.vtt fi

Lasse Rosendahl

Aalbarg University Denmark, Department of Energy Technology Ponteppidanstraade 111, DK-9220
Aalborg

T: (+45) 9940 9263

Email: lar@et.aau.dk

/’. Web: http:/iwww.et.aau.dk
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Direct Thermochemical Liquefaction

Mr. Kai Toven

Hegskoleringen 6B,
NO-7491 Trondheim

Phone: +47 952 11 704

E-mail: kai.toven@rise-pfi.no

Kai Toven

Benjamin Bronson
C: Y, Natural Canada, 1 Haanel Dr., Ottawa ON, K1A 1M1 *

Tel: +1-613-797-3097

Email: Benjamin.Bronson@Canada.ca

Web: www.nrcan.gc.ca/energy/

Justin Billing

Pacific Northwest National Laboratory (PNNL), 902 Battelle Boulevard, PO Box 999, Richland,
Washington, 99352 USA

Tel: +1 509 375 5054
Email: justin.billing@pnnl.gov

Web: www.pnnl.gov
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Scion, 49 Sala Street, Private Bag 3020, Rotorua 3046, NEW ZEALAND

PARTOF RL.SE

Tel: +64 7 343 5601
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Web: www.scionresearch.com



Pyrolysis technology - Logistics
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Fast pyrolysis technology

IEA Bioenergy Direct Thermochemical Liquefaction
Task 34
Two commercial scale fast pyrolysis
demonstration plants in operation in
Europe: EMPYRO in Hengelo,
Netherlands and Fortum Joensuu

plant in Finland Grade 6 [Grado D

Links

Home PyNe Newsletters About ~ Technology Info ~ Publications ~ Events

Fast pyrolysis liquid pI‘Oduction 1S Gross heat of combustion, min (MJ/kg) 15 15
about to be commercialized as Water content, max (mass %) 30 30
renewable heating fuel Pyrolysis solids content, max (mass %) 2.5 0.25
Standardisation of fast pyrolysis bio- K|ner.nat|c viscosity at 40 °C, max (mm?/s) 125 125
oils. Density at 20 °C (kg/dm?) 1.1-1.3 1.1-1.3
Sulfur content, max (mass %) 0.05 0.05
Two ASTM burner fuel standards. Ash content, max (mass %) 0.95 0.15
European CEN standard published on Report Report
(EN 16900:2017) Flash point, min (°C) 45 45
Pour point, max (°C) -9 -9
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Norwegian incitements

Policy measures to promote biofuels

Blending requirement for biofuel

Minimum 20% biofuel in road transport by 2020
out of which minimum 8% advansed biofuel.

Min 40% biofuels in road transport by 2030
Advanced biofuel «count double»

0.5 per cent advanced biofuels in aviation fuel in
Jan 2020 and regulatory changes will be
introduced in the Product Regulation.

30% biofuel share in sold aviation fuels by 2030
Sustainability criteria
Exception from CO2-tax

Exception from road usage tax outside the blending
requirement

40%

35%

30%

25%

20%

15%

10%

5%

0%

2018

- Advanced biofuel

- Conventional biofuels

2019

2020

NORWEGIAN

ENVIRONMENT

AGENCY
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Pyrolysis oll applications - Fast pyrolysis oil as transport fuel

-

Upgrading strategies

= «Oil refinery compatible crude oil»
= Miscible with petroleum
= Oxygen removal

= Contaminant removal

=  «Drop in» fuel

PF]
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ReShip — “Drop in fuel” for marine fuel blends

Goal:
= To develop cost-competitive
pyrolysis oil based

multicomponent fuels which
meet the performance
requirements of marine
engines

ReShip - Renewable wood-based biofuels for Shipping

Other
Process District _ bioliquids
industry heating Diesel ¢

Blending
" Crude
pyrolysis
oil

Stabilised
bio-oil

Stabilisation
process

Emulsific-

(3700 kWht oil) ation

Heat Fast

Marine
engine
fuel

-

feedstocks demand pyrolysis
(50% moisture) 100 kWh/t system Surfactant
\_ /
PFI =) Silva Green Fuel ] Rolls-Royce’ (S'
PARTOF RI.SE - itva areen rue y
SoLvANG As4

® NTNU
v

Aston University

¢ at skog

ole

Treklyngen

Wilh. Wilhelmsen of Norway

(X) The Research Council

PFI
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http://www.solvangship.no/
http://www.google.no/url?sa=i&source=images&cd=&cad=rja&docid=qIBEMU1yvGkcqM&tbnid=qXyy7jk7T21sxM:&ved=0CAgQjRwwAA&url=http://www.huntlogo.com/rolls-royce-logo/&ei=QV8aUubzEo_Fswa87IHYDw&psig=AFQjCNGRrt1kG8SFCMb_REOCkmRkTctfLg&ust=1377546433414350

Pyrolysis oil applications

Wonder why people are

v refining ‘crude’ biofuels into

‘car quality’ diesels, when they
7 can readily supply shipping at a
price close to diesel?

Would be great some one
developed biofuels that could
help us save both costs and
environmental impacts!

Why use ‘car quality”
diesel to power this
engine?

. — By

Pyrolysis oil 3-component fuel
and MGO blend of pyrolysis
oil in MGO
I—!lgher Kl.nema.ltlc qush Density Acid Water
Heating Value viscosity point " number o
g/m3) (%0)
(MJ/kg) (mm2/s at 40 °C) (°C) (mgKOH/qg)
MGO 45,3 2-6 > 60 < 890 <0,5 - -6 - +0
3- component 34 30 ~ 50 950 10 05% || na
fuel blend
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CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

The Research Council of Norway

Background —

-

= Land, Resources Climate and Energy Fuels
Bio-
and Ecosystem Environment and economics
resources Processes NIBIO NTNU NMBU
INTEGRATION
anary Gasification
A SE, NTNU
Conversion = Enzymatic
Saccharification
Hydrothermal NMBU, MK
Liquefaction
st Chemical
emical, B
Secondarv Catalytic Anaerobic
- Gas Conditionin hermochemical conversion Fermentation digestion and
Conversion g gas upgrading

Upgrading MK, NMBU

MK

NTNU

NTNU, NIBIO
—— BIO, NMBU, IFE

Upgrading

Techno-Economic

Process Design Modelling Tool . Preparing for Product quality
g for Biorefineries Evalt;aéc;z:;;cale Piloting & Up-scaling & End Use
& End Use NTNU o HSN NTNU
Liquid Fuels Value Products Gaseous Fuels
Diesel, Gasoline, Alcohol Feed, Aromatics, Monomers Hydrogen, Methane

N
D

BIOZL
FUELS
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Pyrolysis technology

CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

The Research Council of Norway

Gas

Combine pyl'OlySiS and anaerobic digestion ' Aqueous condensate

m Organic condensate

Coproduction of biocarbon, liquid fuel and biogas m Biocarbon

High carbon conversion yields
100

90 |
80 14

11

70
60
50
40

Yield (C%)

30
20
10

* Aqueous condensate » Storage stable organic
for biogas condensate for upgrading to Spruce wood

= Biocarbon

transportation fuel oil refinery compatible oil

21
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RISE PFI

New type of energy carriers from biomass

Direct thermal liquefaction
Direct liquefaction by fast pyrolysis
Pyrolysis liquid upgrading
Fast pyrolysis with catalytic vapour upgrading
Hydrothermal liquefaction of slurries

Carbonisation by slow and intermediate pyrolysis
Reductant materials in ferroalloy industry
Other biocarbon applications

Biorefining
Catalysed pyrolysis for building block chemicals

Refining pyrolysis oils into biochemicals
Integrated concepts

23
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Pyrolysis tandem reactor

system with GCMS detector

Screening pyrolysis
conditions

Screening catalysts

Raw material flexible
reactor system

~

S — -

Gas, liquid, and solid samples

Carrier gas
(From GC) +

p to 3 reaction gases
ir, H,, etc.)

C

z

(

()

as selector

Quartz tube for
packing catalyst

Catalyst packing bed

GC/MS
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4 N

= An advanced Pyrolysis Process
Development Unit is established at
PFI as part of NorBioLab

= The system is capable of testing
= 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

= Unique tool for developing new
pyrolysis processes for producing
hydrocarbon fuels, bio-chemicals and
biocarbon from biomass

PF|
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RISE PFI —

Tools for characterising carbon materials

Fuel properties

Chemical characteristics
Morphological characteristics
Strength properties

Tools for characterising pyrolysis liquids

Fuel properties
Chemical characteristics
Upgrading techniques

Agglomeration techniques
Pelletizers and briquetting press

Techniques for analysing strength properties
of agglomerated materials

PARTOF RL.SE



RISE PFI

27

BiogFuels - Norwegian Centre for Sustainable Bio-based Fuel and Energy (WP lead Pyrolysis)
NorBioLab II - Norwegian biorefinery Laboratory (National research infrastructure project)
ReShip — Renewable wood-based biofuels for shipping (Competence building project for industry)

PyrOpt - Optimized biomass pyrolysis for production of tailor-made renewable silicon reductant materials
(Innovation project)

Pyrogass — Production of biogas transportation fuel and biocarbon reductant material by combining
anaerob digestion and pyrolysis technology (Innovation project)

FuturePack — Catalytic pyrolysis for platform chemicals (KPN project for industry)
BioSinter — Biobased manganese ore sintering process (Innovation project)

LigningSi — Coproduction of fermentable sugars and biocarbon reductant material for Si/FeSi production
(Innovation project)

Biokarbon MidtNorge (Regional innovation project)

BioVekst — Charcoal as substitute for peat in growth media (Innovation project)
AIRY- Biotumen boards (Innovation project)

Bioraffinaderi MittSkandinavien — Interregional Norway Sweden project

Decarbonize — Ny barekraftig teknologi for desentralisert produksjon av biokarbon for jord og
vekstmedier

LiCoSi — Lignin compatibility with Si furnacces (Innovation project)
C-Cap - Carbon capture from cruise and passenger ships
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THANK YOU

Name: KaiToven

E-mail: Kai.Toven@rise-pfi.no
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