NYTTA AVEN AV GASEN
VID KOLFRAMSTALLNING?

- Bio2X-processerna
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. INTRODUKTION
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...d v s varken direkt nytt eller "rocket science”
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-.INTRODUKTION

« Vart intresse initialt:
“Gront” kol = lI6sning pa petrokemins C-gap och
“grona” kemikalier/branslen i global skala

- Sedan dven grona produkter fran gasen
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PROCESSERNA
PROCESSERNA

Torrefiering Forgasning

@300°C @7-1800°C

Snabb/flash Pyrolys

@400-1000°C
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..PROCESSERNA
PROCESSERNA
. Brannare .

Torrefiering

@300°C

Reformering

Brannare

Brannare

Separation
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.PROCESSERNA
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..PROCESSERNA

ANRIKNING AV KOL
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..PROCESSERNA

HAR TACKT UPP "HELA INTERVALLET”
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Omfattande databas
-for anvandning!
Narmare 300 prover
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n (analyser, beraknade data)
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TEKNIKER
TEKNIKER
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Eg inte svadrt och manga tekniska Iosningar: Syrefri behandling vid XXX°C i Y minuter

Men det kravs en hel del av leverantorerna



BIO2FUELS
BIOZFUELS
POTENTIELLA FORDELAR

Vaterik gas 3 > 3,00 &

Gasreformering /
H
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Bio’Fuels Kolrik Sameldning
biomassa med CCS
1) Tillsammans med CCS 3) Gasformig matning — enklare att trycksatta
-> CO, negativitet 4) Hégre andel vite
2) Problematisk aska kvar i fast produkt -> hogre H,/CO forhallande i syntesgasen
-> neutraliserad av kolaskan 5) ”Ingen” koks — potentiellt lattare att

-> mindre/enklare syntesgasrening : forgasa/reformera
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..BIO2FUELS

Katarina doktorerade 1 host,
bl a pgl Bio2Fuels-Systemet Aberg, K. Biomass conversion through syngas-based

biorefineries - Thermochemical process integration
Q opportunities. Thesis, Umea University 2017
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..BIO2FUELS
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..BIO2FUELS

Velocys catalyst 10x more active than conventional

VELOCYS NYA MIKROKANALSTEKNIK
MOJLIGGOR "SMASKALIGA”

DECENTRALISERADE BIORAFF FOR FT-DIESEL
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Fixed Bed Slurry Bed Velocys
High heat flux ——=
Conventional Fischer-Tropsch reactor 10 times higher than
Attractive plant economics e i, conventional reactors
Indicative values for illustration qj - T - -
129 298 ~ : Fondeds
3 4 \n »( A .

USS$ per barrel

Smaller is bringing GTL to the mainstream
Large-scale economics at smaller scales

Renewable fuels plantinUS
1,400 bpd p-

*  Incorporating cost-down ’
improvements from intemal %
engineering developments

g .2

Typiskt >30 000 bpd

LCFS (Publshed martst price)
I RN DT (Pubtshed manet price |
B Procuct revenue
Shuldown & marsenance
OPEX

Wovex (> 2000 MW)
Operational Operational ‘
costs revenues A
Stratmann, Velocys @ ABLC, UMEA UNIVERSITET Neville Hargreaves, Velocys

Washington DC, March 2017 @ Gastech, April 2017, Tokyo



..BIO2FUELS
250 ENVIA
bpd
First U.S.
1100 renewable
bpd fuels plant
UK waste
2 500 to jet fuel
bpd plant

Low cost
landfill gas
and pipeline
natural gas

Low cost
forestry
residues

Negative
cost
municipal
and
industrial
waste

* 26,000 timmar

DEMONSTRERATS i pilot-skala;

- MED GODA RESULTAT *  Nu iven demo

* < 15ppm svavel
* < 0.5% aromater
» Flyg ASTM D7566

'?\\‘

Conventional diesel (Aght) vs FT diesel (left)

2017 2018 2019

In operation
bpd Performing in line with requirements at commercial scale.
, Foundation for our future renewable fuels facilities
Nearing start
of FEED '
Project dev.
Feasibility

engineering
Project development Build

Cody, B., Velocys. @ Gasification&Syngas
Technologies Council Conference,
Oct 2017, Colorado Springs



..BIO2FUELS
TILLBAKS TILL KATARINAS
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Aberg, K. Thesis, Umed University 2017



..BIO2FUELS

- KOLDIOXIDNEGATIVITET?
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Q Aberg, K. Thesis, Umed University 2017
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..BIO2FUELS
VATE- OCH KOLSEPARATION?

”80% av vatet

och H/C=2.5
vid 375°C
N [ 45
A .
H/C p:
0.8 - \'1/+[\)’;?er - @ H 4.0
- S g R 3.5

C/H gas yield (kg/kgDS in)
H/C ratio

paper III + VI

15 1.51ramaterialet
400 450 500 550 600

Temperature (°C)
Figure 3.10: The carbon (dark grey) and hydrogen (light grey) yields to the torrefaction/
pyrolysis gas (left axis) and the corresponding H/C ratio (white, right axis) as a function of
temperature. Data taken from paper III (triangles), paper VI (squares), and paper VII
(diamonds). Trendlines for H and C fitted to each series separately. Trendlines for H/C fitted to
paper II+paper VI (solid line) and paper VI+paper VII (dashed line)

e Aberg, K. Thesis, Umed University 2017
UMEA UNIVERSITET



..BIO2FUELS

ASKAVSKILINING?
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Impaktorsampling i pilotskala fér
processtemperaturerna 300, 325,
350, 375, 400, 425 och 450°C
validerade de modellerade
resultaten

Inga askbildande kondenserande
element forflyktigades vid dessa
temperaturer, d v s all aska
stannade i biokolet

Avgangen av klor ar dock
betydande. Detsamma galler
aven fér svavel.

Aberg, K. Thesis, Umed University 2017
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..BIO2FUELS

STATUS BIO2FUELS UTVARDERING

Process

O

@)

©)

O

@)

System

©)

O

©)

Generell process-princip v

Kol negativitet v
Vateanrikning v
Askseparation (teor.) v
Askseparation (exp.) v

Termisk reforming Ej mojlig
Katalytisk angreforming?? ... pagaende
Syre-belastning ... pagaende
Ekonomisk analys ... pagaende

Tekniska losningar
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BIO2CHEMICALS
BIOZCHEMICALSIIIIIIIIIIII

* Drivmedel och petrokemiska produkter ligger pa
foradlingsfaktorer pa fem och just darover, d v s typiska
ravarupriser pa 150-200 kr/MWh
jfr biokol 300- kr/MWh
jfr med branslepriser 1000 kr/MWh (10 kr/1)

« Betydligt hogre produktpriser (> 1000 kr/MWh)
for vissa grona (icke-petro) kemikalier
ger ocksa betydligt hogre foradlingsvarde

« Fragan ar vilka grona kemikalier det
finns i den termokemiska godispasen?

 Vilka varden och marknadspotentialer har de?

* Vivet att det ar en hemsk "soppa”, men finns det
nagon mojlighet att separera och rena gaserna?
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..BIO2CHEMICALS “GREEN (HIGHER VALUE)

CHEMISTRY OF LIGNOCELLULOSE"”
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..BIO2CHEMICALS
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Market price vs annual global volume for some bio-products.
(Biddy et al NREL/TP-5100-65509 March 2016 + illustration av potential)
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..BIO2CHEMICALS

SCREENING
(MED PYROLYS-GC/MS)

Auto-Shot Sompler—\

: X Micro UV Irradiator
Multi=Shot Pyrolyzer = i
A L, He
F~Search A= Carrier Gas Selector
Polymers/Additives MS Library & Selective Sampler
y A;/" *17— 7 MicroJet Cryo-Trap
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B

Ll

U= |MS  |eC
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- Vent—free GC/MS Adaptor

110-450° C during 0.5-8 minutes

Pommer L. m fl. Gas speciation through
drying, torrefaction and pyrolysis
-Defining the different regimes?

Short Comm. 2018
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..BIO2CHEMICALS
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DEFINIERING
(MED PYROLYS-GC/MS)

» Inga gaser under 220°C

« Sonderdelningsprodukter fran framfor allt
hemicellulosa (230—330°C)

« Darover aven ligninprodukter (t ex levoglukosan)

» Torrefieringsregim definierad 230-330°C

* Omfattande overlapp

S—
25000000 m (2H)}-Furan-3-one

* 4-Vinylgualacol a 3. hydroxypropanal

m Eugenol ¢ 20000000 2-hydroxy-3-oxybutanal
Furfural
Vanillin
® 1,2 Cyclopentanedione
5000000
lsoeugenol gl Acetic acid
§
-
ﬂ 10000000
»
R * 5000000 B
L.l gt §a ]
-h i u L I
= =2
0 #
200 250 300 350 B B i B

Tempeature (2C) Temperature (2C)

FIGURE 2 GC/MS RESPONSE OF A SELECTION OF ORGANIC COMPONENTS PRESENT IN THE
TORREFACTION GAS AT DIFFERENT TEMPERATURES.
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..BIO2CHEMICALS
EFFEKTER AV RAMATERIAL
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tm Q Pommer L. m fl. The influence of biomass
on torrefaction gas composition, 2018
UMEA UNIVERSITET



S
SLUTSATSER HITTILLS

« ”Biokol - Inget nytt under solen”

SLUTSATSER

* B2F-processen
2» 2»
verkar fungera
- men systemet?

« Aterstar:

o Vilka kolkvaliteter
efterfragas?

o O och reformering

o Teknoekonomisk analys

o System o teknik

« Utmaningar:
o Reformeringen

— Fermisk! —> Katalytisk???

o Trycksattning?
o Syret?

o Industriella intresset?

(8]

B2C-potentialen kemiskt
kartlagd/screenad,
omfattande overlappning

Ekonomiskt intressant

Fortfarande "soppigt” och
utmanande

Aterstar:
o Separation, rening

o Teknoekonomisk analys

Utmaningar:

o Separation, rening

UMEA UNIVERSITET
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FOKUS NU
FOKUS NU

« Publicering

» Teknoekonomiska analyser

o Tre olika lokaliseringar
o Realistiska case

o Nara samarbete med industriella aktorer

o Bio2Fuels — fortsatt utvardering

o Bio?Chem - finansiering av teknisk utveckling??

(8]

UMEA UNIVERSITET



TACK FOR MIG!
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