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Ash and bed material research in fluidized bed

gasification of biomass from lab- to industrial scale
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Ash research at lab- to pilot scale

cauipment rom lab- o pilo¢scale )
300kW dual
fluidized bed reactor
100kW dual for long-term
fluidized bed (DFB) experiments with

_— 14cm bench-scale reactor for utilization of product
Lab BFB or :
fluidized bed reactor investigation of ash gas in downstream
5cm lab-scale for long-term (40 h) chemistry in DFB process chains.

m— fluidized bed reactor investigation of ash gasification

) for investigation of chemistry
4mm micro-scale agglomeration
apparatus for behavior
catalysis and kinetic
investigations,.
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. Ash research at industrial-scale gasification plants

8 MW 8.5 MW 15 MW
demonstration plant commercial plant commercial plant
Gussing Oberwart HGA Senden
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Development through scientific research

1.) Sampling,
measurements
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Industrial-scale

2.) Investigations,

experiments
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Lab-scale
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3.) Implementation

measures
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Interaction with
biomass ash
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“ H: production based on CaO (benchmark)

£ Water-gas-shift reaction (800°C)

CO + H,0 - CO, + H,
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fresh quartz  fresh olivine  used quartz  used olivine calcium oxide

Also proven for steam reforming of tar model compounds!
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Layer formation mechanisms (quartz vs. olivine)

Inner layer

|Ca-rich inner zone I

|Mg-rich outer zone

WD 100 pm
98 ALIX 0.7 Torr

K (e.g. KOH)

K-silicates

SiO2

(Mg, Fe)SiOa4

Ca(s)
Ca-K-silicates

Sticky surface
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“ Substitution reaction (olivine)

« Simple substitution reaction:
lons located at one of the exchangeable sites
M1 or M2 in the crystal structure of olivine

« Ca(2+) substitutes Fe(2+)
and Mg(2+)

Crystal structure of complete substitution: CaSiO4
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Layer formation (K-feldspar)
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* Current investigation:
Coupled substitution reaction involving
Ca(2+) and K(1+)
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Bed material: K-Feldspar

Feedstock: Chicken manure

Phosphate formation strongly influences ash chemistry and layer formation!
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chamber) \

Deposit Bed material Coarse ash Fine ash Fly coke Impurities

average average average average average average
mass ratio in (%)

NiO 0.0 0.2 0.2 0.0 0.2 1.6
FeO3 2.4 6.8 6.3 2.0 6.5 25
Cr03 0.1 0.2 0.2 0.1 0.2 0.6
CaQ 34.0 13.8 11.0 54.6 16.5 2

| K0 5.1 0.7 0.9 2.9 0.9
S0; 01 0.1 0.1 0.4 0.1 0.2
P>0x 0.9 0.3 0.3 L5 0.3 0.4

| Si0, 40.8 | 34.3 38.1 22.8 34.6
AbOs 43 0.9 1.1 3.1 1.0 6
MgO 105 39.5 40.5 10.3 38.2 4.7
NaxO L1 2.2 0.8 1.0 0.9 3.9
Others 0.7 1.0 0.5 1.3 0.6 23 COM=T
Sum 1000 100.0 100.0 100.0 1000 100.0
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Results of optimization

First step First step
S d
Y s ecor

1 1,00 Y Second - 18 step
£ 1.0 16 - \
Z09 T4
20,8 < -
E 0’7 g 12 i 9,9
% 0,6 £ 10 -
+— [%2]
o 0,5 § 8 -
% 0’4 ) 6 7
£ 0,3 3 4-
> 0,2 o
5 0,1 2 -
0,0 0 -
m Before optimization m Before optimization
m Reutilization of layered (used) olivine m Reutilization of layered (used) olivine
= Additional fluidization nozzles = Additional fluidization nozzles
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. Outlook

m Selection of alternative bed materials

m Clarification of mechanism
m Prerequisites for catalytic activity

m Broaden the feedstock spectrum

m P-rich residues (e.g. manures, sewage sludge)
m Agricultural residues (e.g. straw)
m Industrial residues (e.g. lignin)
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Journal papers on those topics
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7418.
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30(10), 8277-8285.
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n Kuba, M., Havlik, F., Kirnbauer, F., & Hofbauer, H. (2016). Influence of bed material coatings on the water-gas-shift
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49.

n Kuba, M., He, H., Kirnbauer, F., Bostrém, D., Ohman, M., & Hofbauer, H. (2015). Deposit build-up and ash behavior in
dual fluid bed steam gasification of logging residues in an industrial power plant. Fuel processing technology, 139, 33-41.

Submitted or in preparation:

[ Kuba M. & Hofbauer H. Experimental parametric study in industrial-scale dual fluid bed gasification of woody biomass:
Influences on product gas and tar composition. Biomass and Bioenergy, submitted

[ Wagner et al. Layer formation, K-feldspars, P-rich biomass (chicken manure)
[ Haggstrom et al. P-chemistry, P-distribution (chicken manure)
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