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[ ] e
I\/I I ka O n Pyrolyysi on menetelma jakaa aine uusiksi yhdisteiksi kayttamalla [ampo6a alhaisessa
happipitoisuudessa ymparistoon.
Sana pyrolyysi tulee yhdistamalla kreikan sanat tulelle ja halkeamiselle.

[ ]
p y rO ‘ ny | Pyrolyysi on lampdprosessi, jota kdytetaan padasiassa kiinteiden aineiden muuntamiseen kaasuksi,

nesteeksi ja uudeksi kiintedksi aineeksija niiden yhdistelmia.

Polttoainelahteet voivat usein vaihdella. Tuloksena saataviin tuotteisiin vaikuttavat useat tekijat,
kuten reaktioaika ,lampdtila ja reaktorityyppi (Kantarelis ym. 2012)
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Pyrolyysin periaatteet

Pyrolyysituotteiden kayttokohteet
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PYROLYTIC OIL  » Electricity
> Liquid smoke > CH4
> Biofuel » H2 |
> Biochemicals » Chemicals
i \C/\;ood.wr;egar CHAR
s > Biochar
> Biocoal
> Bi k
— iocoke
> Pyrocarbon
Ambient 300°C 450°C T000°C > b

® Pyrolyysi on hiilipitoisten komponenttien terminen
hajoaminen jossa happi ei ole lasna
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PUUN ARVOKETJU—-SIVUTUOTTEIDEN HYODYNTAMINEN
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Esimerkkeja

Biomass

Esim. 1
Maatalous

e Hiilinielu

*  Maatalous
0 Vedenkasittely
0 Maanparanne

400 kg/t
—>
. iohjaitkmikaalit
0 Savu
0 Herbisidi
Kaas
> u 1500 kWh/t
0o CH4

Biokoksi

Polttoaine
Pelkistin

Kaasu

250 kg/t

2500 kWh/t

Esim. 3
jatevesilaitos

Biocoal

*  Polttoaine
*  Hiili voimalaitoksiin

e Uusiutuva ldhde

1300 kWh/t

2000 kWh/t

Esim. 4
Vihreat kemikaalit

mmmmmmmn dl  Pyrohiili 30 - 70 kg/t
e Hiilinielu
e Kemianteollisuus
0 Elektrodi
0 Hiiilimusta
e CH4 180 - 250 Nm3/t
e H2 20 -40 kg/t
—> Molekyylit
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UUSIUTUVIA RAAKA-AINEITA
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OUR STORY SOLUTIONS THCHNOLOGY PROJECTS SUSTAINABILITY CAREERS l\ CONTACT
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BIOMAQQN DECARBO POWER
HEAT THAT SAVES THE CLIMATE




Deutsch English

Carbon Terra

The Schottdorf method is neither
gasification nor pyrolysis. The focus
is on the production of pure biochar.
The resulting gas is a by-product
and can be used as an energy
source.




’ aponofvow Biogreen pyrolysis Equipment ~ Applications ~ Pyrolysis products ~ About us ~ Contact ~

Biogreen pyrolysis technology -
Thermochemical conversion of biomass and
waste r

Pyrolysis process in mobile, containerised
and fixed equipment
BiDQN}QDS‘ IS innovative, patented pyrolysts Process operating since 2003. Since

more than a decade. our solution works for converting piomass, plastics, and
waste Into energy and useful products. BBiograan’ «

Blogreen pyrolysis process Is vased on clectrically heated screw conveyor
(Spirajoule®), designed for advanced thermal freatment In temperatures up to 800
degrees C and beyond. Processed product temperature i precisely controlied
basing on the temperature settings. The dwell time of material Inside Biogreen®

reactor |s requlated by screw rotation speed Thermal conversion is performed in hurimigccs

pyrolyss

oxygen-free (pyrolysis) atmosphere in unique construction of equipment, which ' : gasihcation
quarantees a constant quality of product obtained from the treatment







Contactus FAQ  Oil samples

o btg biOliqUids Our technology ~ Plants Markets  About us News & resources

& BACK TO NEWS & RESOURCES

BTG Bioliquids pyrolysis

Pyrolysis oil is a clean and uniform liquid that can be used as a sustainable
alternative to fossil fuels for the production of renewable energy and
chemicals. It is obtained through a process called fast pyrolysis, which

transforms biomass into a liquid.
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PHOENIX ENERGY

Carbon Negative,

Community-Scale, and
Reliable Baseload Energy




XPRIZE
} CARBON MUSK FOUNDATION
REMOVAL

\H' CARBOFEX Biomass Pyrolysis Technology Biochar production equUIRMe m

HAR PRODUCTION EACILITIES MADE IN FINLAND

WORLD CLASS BIOC

Remove CO2 by converting waste
biomass into energy
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industry-level biochar suitabie for biogas, pyrolysis

production technology oil, and clean enaergy
production
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Feedstock

(birch wood)

Gases

Y

Slow pyrolysis
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Table [:Share of producis (Kantarelis et al. 2012){Bndgwater 2007)

Methaod '-'_I-'emp 1°C7] | ifmapnrs res time  Char ﬁiiﬁ] Ligquid [wt %] Gas [wt%]
Slow 400 | Hours-days 3040 25-30 2535
Intermediate 500 5-30's 25-30 40-50 25
Fast 500 1-2s 12-20 60-75 13-20




Table 2: Mass and energy balance of Dry Birch wi% (Fagerniis et al. 2014)

Yield from pyrolysis of Birch Mass balance [wt%] Energy balance [% of total]
Initial Feedstock, dry 100 100
Products total 94 95
Char 34 36
Liquids/distillate 42 16
Gases 18 23
Energy for process/losses 6

X




Table 3: Energy and product distribution of slow pyrolysis process (Rosas et al. 2015)

Products Yield HHV  Energy [MJ/kg  Exit temperature of ~ Heat losses [MJ/kg
[wt%] [M.J/kg] feedstock] products [°C] feedstock]
Char | 40 | 128 | 5,16 322 | 1.67
[ Miquids | 17 | 57 | 0,97 70 | 0,34
T Gas | 43 | 106 455 338 | 34




Biomass energy by weight and volume
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Figure 4: Energy and moisture content I biofuels (Biomass Energy Centre 2011)




o * Seos, jonka paakomponentteja ovat hydroksyylialdehydit ja
Bi0O |Jy ketonit, sokerit, dehydrosokerit, karboksyylihapot ja eri
fenoliyhdisteet.

Fable 9: Temperature for chemical formation of compounds (Kantarehs et al. 2012)

Mixed Phenolic Alkyl Hetrocyclic PAH Larger
Oxveenates Ethers Ethers Ethers PAH
400°C 500°C 600 *C 700 °C 800 °C 900 °C



Table 1) Typical values of wood derived bio-oil (Bridgwater 2007 ) Kantarehs et al. 2012)

Moisture content [wt %] 20-30
pH 25
Specific gravity 1,20
C|wt % 36

H [wt %] 6.3
O [wt %] 35
N [wt %] (.1
Ash |wt %] 0

LHY [M.J/kg] 13-18



Table 7: Characteristics in char from slow pyrolysis of silver birch (Fagernis et al. 2012)

Moisture content [wt%|

Ash content [wt% DM]
Volatile matter [wit% DM)|
Fixed carbon [wt% DM|
Heating value, calorimetric | MJ/kg|
Heating value effective |[M.J/kg|
Carbon [wt% DM|

Hydrogen |[wt% DM]

Nitrogen |[wt% DM|

Sulfur [wt% DM]|

Oxygen [wt% DM|

Al
1.3
0.8
19.6
79.6
33,2
32.5
87.1
3.3
0.3
0,02
0

A2
4.9
1.4
19.9
78,7
334
32,6
86.4
3,3
0,1
0,01
9

B
2,8
1,2
18.4
80.6
33.8
33,1
87.2
33
0,2
0,02
8

C
0.9
0.9
17,1
81,9
334
313
88,0
2.9
0.2
0.02
8
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Table 12! Gaz compasttion fram slow pyroalvzis of Boech woad ohips (I Alezsandro et al. 2013)

Methane [vol %] 9.93
Hydrogen|vol %] 221
Carbon monoxide [vol %] 41,23
Carbon dioxide |vol %] 40,60
Nitrogen |[vol %] 6,01

LHV [MJ/kg] 6.17



Table [4;: Cost af sfow pyrolysixz and biochar applications (Shackley et al. 2011)

Stage in pyrolvsis system Cost of biochar |€/ ton]
Virgin Feedstock 76-347
Non-virgin Feedstock 0
Transport of feedstock 11-62
Capital cost of power plant 63-141
Operational costs 13-167
Storage of biochar 10-21
Transport of biochar 0-27

Appllrm‘lnn of hinchar 1o soil 1



o Eenesable and Sustainable Energy Beviews

Process development status of (ast pyrolysis
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