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Research topics selected for this
presentation:

1) Tackling the problem of ash
agglomeration

2) Determining the influence
of replacing H,O with CO,

3) Determining the influence of
total pressure
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FB agglomeration and defluidization
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Initial and critical step in agglomeration: formation of low temperature melting

phase (silicates, carbonates, salts) in gasification of biomass with high ash
content, with ash rich in K, Si, ... —
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Bed material
| (Olivine, SiC ...
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Solution: to blend biomass in such a way to react their ashes into
products of higher melting temperatures.
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Cao - Sio, - K,0

1) Definition of blends (wheat o i Gocr
straw-bark) according to /N
inorganic content of each fvf’/:s
biomass (Ca, K, Si, P, Al, ..): B/WS

-> thermodynamic simulation
calculations
-> assumption of completeness /

of reactions g
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1) Definition of blends (wheat
straw-bark) according to
inorganic content of each
biomass (Ca, K, Si, P, Al, ..):

-> thermodynamic simulation
calculations

-> assumption of completeness /

of reactions

K,0

Cao - Sio, - K,0

1000°C, 1 atm

CaoO

Gt 2) Lab scale assessment of
the method
sl heat treatments 0-1000°C, oxid.
s and half-red. atm., SEM, XRD
— characterisation

Investigation of a

defluidisation)

E— ]

3) Pilot scale tests — FB treatment of the blends (pellets)
: Agglomeration rate (agglomerates
in bed) + online measurement of T heterogeneity in bed (sign of

lomeration

» Gasification efficiency (gas yield-composition)
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1. steam gasification at 850°C
2. cooling down of the reactor — opening — weighing of bed+ash,
observation, screening, sampling, and back into the reactor
3. air combustion at 950°C Metallic filter Cold traps for water
- Ar It ) W
Tmax 1000°C Biomass bunker |} . :
P. | 1.5to 12 bars \\@' T\:/o — Q]
Biomass feeding 0.3-5 kg/h AN | Internal [ protocol | 777"
rate R reactor I :
Dry gas: uGC N H | | B Disengagement
Product _ : AriCO, Y ©=020m]

: ... | Water: condensation re9 :
analysis/quantific N overart |
ation Tar protocol (isopropanol) + ©2010am |

GC-FID quantification Feeding screw To UGC
e DN

Objective of the experiments: Electi resistance {1 Pressurized
* Measurement of gasification efficiency  heaters 0 = " vessel

. . 2 2
« Checking for no agglomeration ’
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Bark / straw

Bark / straw

Lignin | Bark | a515 wtos) | (50/50 wto)
Cold gas
efficiency 0.71 | 0.81 0.80 0.77
(all gas species)
Product gas LHV
(MINm?) 129 | 12.2 12.4 12.9
Product gas yield
(Nm?/kg daf) 1.21 | 1.22 1.19 1.09
Condensable tar
(g/Nm?) 9.1 2.3 0.9 2.2
BTX (g/Nm?3) 129 | 7.3 6.5 9.6

B Beech wood

® Lignin residue

M Bark W 85/15 wt% bark/wheat straw

m 50/50 wt% bark/wheat straw
50

Dry gas composition
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Efficiency of the blending method proved for the 85/15 wt % blend
~Gasification efficiency comparable to that of bark
~Limited agglomeration propensity
~Limited efficiency for the 50/50 wt % blend
~-Good gasification efficiency for all feedstock

27™ of April 2022



Y |CIEBE

m

) tll MacineERING
il NATURE

product gas flue gas
H,,C0O,C0,,CH4,CoHy N2,CO2,H,0,0,
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Gas free of combustion products
Reactor needs a certain AT
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Fuel

Fuel storage
tank
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uel dosing
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Gas sampling line

1 First stage

cyclone
/ L

o)

o

o
Recycle tank

Fine particles

'

-
/ 1L -€— Steam
-<— 0O,
<—CO,

s ~— Air
Gas mixer

Gas additionally reach in CO, due
to autothermicity of the gasifier
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Blend 85/15

Temp. in FB top, [°C]

Temp. in FB mid, [°C]

I
!

Temp. in FB bot, [°C]

Temp. bef. cyclone, [°C]

« Gasification with CO, leads to
1CO and |H, productivity.

* From a technological standpoint,
gasification under pressure
increases the output and
efficiency of the process, thus,
is attractive in the case of SNG
or FT (10 — 30 barg).

* However, in the near
perspective, swift development
of such units will be hurdled by
higher complexity and CAPEX.

temperature, °C

gas yield, Nm®/kg,, .
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Tackling the problem of ash agglomeration:
S. Valin, et al., Energies, 13 (2020). 10.3320/en13143706

F. Defoort et al., Energy Fuels 33 (2019) 10.1021/acs.energyfuels.8004 169

Determining the influence of replacing H20 with CO2 in DFB:

A. M. Mauerhofer el al., Energy 173, (2019) 10.1016/j.energy.2019.02.025
Biom. Conv. & Bioref. (2019) 10.1007/s13399-019-00493-3
Fuel 253, (2019) 10.1016/j.fuel.2019.04.168
Biomass Conv. Bioref. 11, (2021) 10.1007/s13399-020-00822-x

Determining the influence of total pressure and CO2 on gasification in CFB:
M. Szul, et al., Energies 2022, 15(4), 1395; 10.33920/en15041395

Also find more open access research performed within HiF on:
https://zenodo.org/communities/heattofuel/
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https://doi.org/10.1016/j.energy.2019.02.025
https://doi.org/10.1007/s13399-019-00493-3
https://doi.org/10.1016/j.fuel.2019.04.168
https://doi.org/10.1007/s13399-020-00822-x
https://www.mdpi.com/1996-1073/13/14/3706
https://doi.org/10.1021/acs.energyfuels.8b04169
https://doi.org/10.3390/en15041395
https://zenodo.org/communities/heattofuel/?page=1&size=20
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Please see the installations by yourselves. Enjoy the excursion, while
in the future, we would be happy also to welcome you at our sites.
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THANK YOU

This document and all information contained here in is the
sole property of the Heat-to-Fuel Consortium or the
company referred to in the slides. It may contain
information subject to Intellectual Property Rights. No
Intellectual Property Rights are granted by the delivery of
this document or the disclosure of its content.
Reproduction or circulation of this document to any third
party is prohibited without the written consent of the
author(s).

The statements made here in do not necessarily have the
consent or agreement of the Heat-to-Fuel Consortium and
represent the opinion and findings of the author(s).

The dissemination and confidentiality rules as defined in
the Consortium agreement apply to this document.

All rights reserved.

—A ANRRIKA bloenergy2020+  JM dehisenatthey  ATMOSTAT

npp 2=M REC' © B

WWW. el DT g @ 2 ccccarcw ro mamker

Gussing Energy Technologies SOLUTION BETARENEWABLES




