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Dual fluidized bed (DFB) steam gasification @
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Dual fluidized bed (DFB) steam gasification

H, CO co, CH, C,H,

23% 10%

Feedstock Combustion zone

(fast fluidized bed)
900 — 950 °C

implementation

ICEBI

IMAGINEERING 1 Tar (incl. BTEX): 20-30g/m3, H,S ~100 ppm for biomass
NATURE fuel before any gas cleaning for downstream processing
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Direct combustion of product gas @

% £

| oo Combustible product gas
J |gas
T m  Substitution of fossil fuels (natural gas)
m Use of solid feedstocks in gaseous form

m Ash-free and pre-cleaned applications

» COMBUSTION REACTOR
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| storage

.y T . >100k Operating hours
i ﬁ Gasification in Gussing, up to 6500
/ , ' reactor hours per year in

e Senden with increasing
trend.
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Water gas
shift unit

Gas Pressure swing
scrubber adsorption

BioH:

Product gas

7

Adsorbate

m Commercial Fe-Cr based catalyst
m CO conversion rates > 95%
m More than 3200 hours of WGS operation

Water gas shift (WGS) 1/30/2020
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Fischer-Tropsch (FT) synthesis @)
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Gas cleaning and
conditioning:

removal of tar, water,
BTEX, sulfur and
ammonia

FT reactor:
slurry bubble
column reactor

FT product
condensation:
liquids and wax

Benzene, toluene, and xylene (BTX), Fischer -Tropsch (FT)



Upscaling to one barrel per day FT plant @

2019/2020

Full relocation and
concentration near
research facilities

o)

10 liter per day FT pilot
plant was erected

Up-scaling to one barrel
per day pilot scale was
successfully finished

Idea to industrial imple
Fischer -Tropsch (FT)
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Enhanced system via hydrogen addition @

Synthesis h Product
‘ Co,

m  Synthesis (CO conversion rate) is limited by
H, amount in product gas

m Carbon efficiency — base case
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Enhanced system via hydrogen addition @

Water gas shift~ Synthesis hProductT

H,/CO ratio 1
CO +H,0 - CO, +H, C02 1

m H,/CO ratio is set via WGS reaction

m Al CO is converted
m Additional CO, is produced
m Carbon efficiency increased via WGS

COMBUSTION REACTOR
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Enhanced system via hydrogen addition @

H,/CO ratio 1
Synthesis h Product 11
‘ Co,

H,/CO ratio is set via H, addition

m All CO is converted
= No additional CO, is produced

COMBUSTION REACTOR

m Carbon efficiency — increased via addition of
secondary H2

L - air

tL__auxiliary
fuel
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Enhanced system via hydrogen addition @

CO-rich product gas
Synthesis h Product 111

H,/CO ratio 1

H,/CO ratio |

CO, removal

m CO, is recycled into gasification
m CO enriched product gas
m More CO and less CO, is produced

COMBUSTION REACTOR
CO, recycling

m H,/CO ratio is set via H, addition

secondary

m Al CO is converted

it auxiliary
fuel

m Carbon efficiency — increased via higher CO
yield and H, addition

1/30/2020
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) Future biorefinery concepts, Jussi Manninen, VTT, IEA Bioenergy &
Synthetic natural gas (SNG) IETS workshop on 'The role of industrial biorefineries in a low carbon 1/30/2020

economy', Gothenburg, 16 May 2017
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