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DyrOLYIS

NOT EXACTLY ROCKET SCIENCE
= "DRY (T . AND DRY T SOME MORE!”
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DATABASE (300 samples, 150 data columne)

‘Sammansstilining databas

Rivara Behandiing  Antalprov  Temperatur nd 100
Tl rimateral 0
T tometrat 7 W Gr2mn 90
Gran rimaterial 12 Py
Gran. torrefierat 53 240-606%C 6-25 min S
Grot rimaterial 1 © 80
Grox tomretrat 2 wommc  4dimn ke
Eukayptus ot ? 270300 B165min °\‘; 70
Rortin rimateral 3 =
Rortien torreferat s s BI6Smn T 60
Salix. rimaterial 4 —_
Salix torrefierat 6 286-3259C 12 min Q
Tripellets  rimaterial 2 > 5o
Trspelets  tomreferat 10 s saes "
Stubbar rdmaterial 3 v
Stubbar torrefierat 3 3100 & min T 40
£a s
[Massutbyten 30
Crargutbyien
Lagre och hogre virmevarde
Fixed-C, Fiykthalt 20
CHONC
N d 230 280 330 380 430
Mainingsenergi, Hydrofoba egennskaper
Temperature (2C)
® RT 7.5-9min ° RT 16.5 min
Tandt!
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DATABASE

‘Sammansstilining databas

Rivars Sehanding  Antalprov  Temperatur

Tl remateria o

Tai tomraferat 7 2863250

o rimatera 12

Gran torrefierat 53 210606

Grot rimaterio 1

Grot tomeferat 35 2803000

Eukalyptus rématerial 3

Eukalyptus torrefierat 7 270-300°C
rimateria 3

Rortien tomreferat s 2853250

salx rimateris ‘

salx torreferat . 63250

Trspetets  rimateral H

Trapelets  tomeierat 10 2853280

Stbber  rbmateral s

stubber tomeierat s s10n¢

17

Massutorten |

Erargutbyten

Ligre och hogre virmevirde

Fixed-C, Flykthalt

cHoNa

Uignin, cellulosa, hemicellulosa (for ett mindre urval prover, gran)
)

tfor.

e
Mainingsenergi, Mydrofoba egennskaper

80 [ #% ® Carbon
=) - T
70 )
612 min ‘
625 min & 60 2.
11mn A
s165mn %5 50
8165 min x & *
612min ‘640 Tygro“gen - v
O .
6 min 30 & 0“ 3
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Mass Yield (%, daf)

Tandt!

. REGION F*%  REGION
/NAes Novssorien Tyg¥  VASTERBOTTEN

H (% of DS)

Covered the whole interval”

18 Raw biomass
16 s TR
aRS o o ® ®
14 Peat 4 g
o 12 - é o
= ol ° B
S 1 W=~ Torrefied biomass
T Goal" o g 7 ° _1frefied bi o
cog|,” e v &\ & _"_Acrrefied biomass >3502C
= 1o e
IS NS e e _®
20’6: /‘vz‘,% 'o'. °e .
04 |\t S9% o e
gl Y Fast pyrolysis
K o |
(@) e Slow pyrolysis
G K/
0 0,1 0,2 03 04 05 06 0,7 038 09

Atomic O:C ratio

Tand t!

But also explore
re-condensation and staged heating!
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NAGRA PRODUCENTER OM DERAS DLANER ?%;’Tm”%&

v
TJARAN v
100% | VARMEOVERFORING v/
+ PROCESSKONTROLL v
—5 °C/min + UTBYTEN v
80% —50°CH - PRODUKTKYLNNG v/
min + PRODUKTKVALITET v
+ QAKERHET v
" 60% | UPPSKALNING " v
> a0% | ¢ &% FUTURE ECO
20% +
HUVUDUTMANING KOMMANDE AR!
% . . +  ECONOMY-OF-SCALE
0 100 200 300 400 500 600 700 o NTH-DLANT-ECONOMY
Temperatur, °C + Reaugera/MAXIMERA
PRODUKTINTEKTER
452?
-
L i«ﬁ 3 => [NVESTERINGSSTOD!
envigas VINDELKAY,
Mala Bioraffinaderi Ki OLEWKT
B|O4M etals Ei%sz N NS8O TeN ’:;i VASTERBOTTEN
“Bio?Fuels”
Anders Nordin
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BIO?FUELS

"Bio? Fuels”potentiella fordelar
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Bio’Fuels Kolrik Sameldning @
biomassa med CCS
1) Tillsammans med CCS 3) Gastormig 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 — lattare att forgasa/reformera

-> mindre/enklare syntesgasrening

S
Bio4Metals - B NS Tyt ViStensorren

Velocys nya mikrokanalsteknik mojliggor “SMASKALIGA”
BIO2FUELS decentraliserade bioraff for ft-diesel

Velocys catalyst 10x more active than conventional
1600 | —
1400 |

1200 |

1000 |

800 |

600 |

400 |

= oy &P

Fixed Bed Slurry Bed Velocys

Catalyst Productivity
(kg/m3hr)

Attractive plant economics I —iwrw
/ Indicative values for illustration “’] " e )
120 208 :

Smaller is bringing GTL to the mainstream

Large-scale economics at smaller scales
Renewable fuels plant in US
1,400 bpd 4
« Incorporating cost-down Nu
i improvements from internal
: engineering developments
2

LOFS (Pbihed matet rcn)

IR O7 otwnes mare rce)

I oot e
Snadown & marsenance

i Typiskt >30 000 bpd
Move (>2000 MW)

Stratmann, Velocys @ ABLC,
Washington DC, March 2017

EUROPEISKA
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Neville Hargreaves, Velocys
@ Gastech, April 2017, Tokyo
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BIO?FUELS
Aberg, K. Biomass conversion through syngas-based biorefineries -
Thermochemical process integration opportunities. Thesis, Umed
University 2017

Bl a Velocys

] ), “Fuels/ ]
Syngas ' Synthesis | chemicals :
vy
CO; HO
| Electricity/ |
:__ije_at_ _:-P H,0
CO; capture co,

and storage

Co-firing

capture

CO.
ancf storage
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BIOZFUELS FORSOKSUPPSTALLNINGAR

Pilot-II (100-200 kg/h)

Gas vi
Feeding silo fan /7 = rerv——

Flue gas
cooler

Bankskala

Primary Pre-heater drum
19 screw
®

l

Torrefaction drum

C

0]

4 Feeding silo

Flue gas
cooler

il (S
Pilot-I (20 kg/h)
I\ VAVAVAVAVA \ VAV AVAV.AV]

Cooling screw

Primary

© screw Torrefaction drum
EUROPEISKA
: UNIONE! Foly
. REGION "y RECION
B|O4Meta IS gl /Nlhs. Norisorren gk VASTERBOTTEN
veckingsionder

2019-04-02



BIOZFUELS

Co;

&=

H,/CO ratio

04
800 950 1100 1250 1400
Temperature, °C
160 ~ 10 4.5
il - z .
g 150 2 e & wepaper B 40
S g % 0. VI« VIl
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e “wg F .
B & < o 2
1 = :
A =
. 120 & z R 25
Q 110 o 2.0
o ~
20 © 100 /C paper 111 + V1
40 60 80 100 T T T 15
Mass yield (%) 400 450 500 550 600
Temperature (°C)
~4-C ® H B O -&-VM -0 FC ——Mass yield
” =
Fig. 4. Yield of C, H, 0, volatile matter (V.M.), mass (M.Y.) and fixed carbon (F.C.). 80% av vatet

och H/C=2.5 vid 375°C
. Bmores R
Bio4Metals S Nl NS Tt WTersoTTEN

» Impaktorsampling i pilotskala fér
300, 325, 350, 375, 400, 425, 450°C
validerade modellerade resultat

» Inga askbildande kondenserande
element forflyktigades

- Avgangen av klor &r dock
betydande och B2F-gasen maste
renas m a p klor.

- Koldioxidnegativitet?

Tempeenture, °C

Figure 3: ) Predicted volatilization of K and Na containing compounds assuming chemical equilibrium for a

typical wood fuel (21]. b) Magnification of 3a in logarithmic scale, representing a gas concentration between

0.01 ppb and 1 ppm. c) Volatilization of K and Na containing compounds when excluding all other ash-forming
elements and S from the fuel composition. ) Volatilization of K and Na containing compounds when excluding 30
all other ash-forming clements and S from the fuel composition, and alkali carbonate formation kinetically
hindered. 20
" I ' .
0
400 500 600 700 800 900

Temperature, °C

CO, negativity, %
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WP5 TECHNOECONOMIC ANALYSIS
(FOR BE-TORREFACTION AND B2F)

I.J Al | n " Iﬁm ['M_

TECHNICAL REVIEW REVIEW OF PREVIOUS DATA/STUDIES
COMPILATION OF SMART SOLUTIONS SITE EVALUATION/DEVELOPMENT
COMPILATION OF CHALLENGES * RAW MATERIAL ANALYSIS FOR TWO SITES
SWOT-ANALYSIS * CAPEX & OPEX ESTIMATION

MODEL DEVELOPMENT
*+ MASS & ENERGY
* PLANT ECONOMY

LIVING DOCUMENT ... (RESULTS)

EUROPEISKA
UNIONEN oY

8y wEcion o RN
Eurcpaiska /N Norsborren g VASTERBOTTEN
reporala
Urveckingstonder

Bio4Metals

From the Technical Review

Torrefaction
* Know-how, IPR all there

* Why still no commercial plant suppliers out
there?! Few on going (France, Portugal, US...

* Demo in commercial scale needed asap!

Bio2Fuels
* Basicidea’s work in pilot scale

* Still evaluation & development needed
(pressurization, oxygen, reforming, system)

* Micro-GTL commercially ready:

UTMANINGAR:

- INERTA MILJON v = e ST
TIARAN v =y =
VARMEOVERFORING v v )
PROCEASKONTROLL v P o
UTBYTEN Vi s o B I S
PRODUKTKYLNING v 3 e x -
PRODUKTKVALITET v F
SAKERHET v 8
UppgKAU\“NG \/.’ QVELoCYS f‘n‘ Compact GTL
KOSTNADERNA m S [y e

d TIME TO IZATION C =1
Assessment by FIeiscMTV\/orldBarﬂ:Group 101578
Bio4Metals Ges N KSR gk WiEreRsOTTEN
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From the Economical Review

WHITE PELLET PLANT

|RecievingH Drying H Milling H Pelleting H Cooling N Storage H Delivery
ZEBRA” PELLET PLANT

|RecievingH Drying Torref Milling H Pelleting H Cooling H Storage H Delivery
| Z

BLACK PELLET PLANT

| Recieving H Drying

Milling H Pelleting H Cooling H Storage H Delivery

BIO2FUELS
|RecievingH Drying Milling H Briquet. H Cooling H Storage H Delivery |
BIO2CHEMICALS/EL. [

|RecievingH Drying Torref Milling H Pelleting N Cooling H Storage H Delivery

EUROPEISKA
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Figure 15: Seaborne Coal Prices
Dollars per metric ton

w Tjurmarknad Oversviamning
= Aystralia steam coal .
~Colombia steam coal p g aKina Austr

250 ~Canada met coal

Australia met coal /\
N

80 USD/t
0 1 L | L 1 1
§3893335588.558858882 M M MBS N6 W0
- F = Y N E R Y EREER
£355523838583353225833888
Source: Bloomberg
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FROM THE RESULTS

RESULTS BIOENDEV EVALUATION RESULTS BIO2FUELS EVALUATION

+  Technology * Process
o Process control v o General process-concept v
o Tar control % o Cnegativity v
o Product cooling % o Henrichment v
o Pelleting v o Ash separation (theor.) v
o Up-scaling v o Ash separation (exp.) v
o Cost-reduction !
+ System, economy
+  Economy . o Thermal reforming Not possible
° imallallfxargms, but o Cat. steam reforming Seems to work
o Appealngleconomy = o Economic analysis To costly
o Raw material/product price . . R .
most influential variables! o Technical solutions Potentially OK
Quick learning curve desired More interesting with initial
because of the small margins! electricity, and subsequent

Higher product price/CO2-cost!

potential green chemicals!
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