=

2 ( * Al L) Nordic Ene
R : I rgy
6 * - HEERS : % Research

Hp BR TS BV HE B AR B T -

@ SINTEF

Solid fuels operation in a 150 kW,, CFB-based
Chemical Looping Combustion pilot unit

@yvind LANG@RGEN, Inge SAANUM, Roger Khalil, Nils Erland L. Haugen
SINTEF Energy Research, Trondheim, Norway

The 10t Trondheim Conference on CCS, June 17-19, 2019, Trondheim, Norway




Outline

* Reactor system

e CLC performance parameters
 Typical operation sequence

* Fuels tested

* Results

* Conclusions

@) SINTEF



Reactor system based on circulating fluidised beds (CFB)
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Reactor system
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Two important performance parameters
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Carbon capture efficiency:
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Typical temperature sequence

TT-101 AR air pre-heat temp. [°C] = TT-102 AR bottom temp. [°C] ——— TT-106 AR top temp. [°C]
—— TT-201 FR bottom temp. [°C] ———TT-206 FR top temp. [°C] TT-209 FR pre-heat temp. [°C]
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Typical pressure profiles

——PT-102 AR bottom [mbar] — PT-103 AR [mbar] ——— PT-202 FR bottom [mbar] ——PT-203 FR [mbar]
——PT-204 FR [mbar] ——PT-205 FR [mbar]
——PT-106 AR [mbar] —— PT-107 AR top [mbar] i
—— PT-207 FR top [mbar] ———PT-210 Lifter bottom [mbar]
———PT-108 AR cycl. exh. outlet [mbar] PT-109 AR loop-seal [mbar] ———PT-211 FR cydl. exh. outlet [mbar] PT-215 FR loop-seal [mbar]
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Fuels tested

Negative CO2

Negative (02 Emisions with Chemical-
Looging Combustion of Biomass

A. Biomass pellets, steam exploded, from Arbaflame in Norway Cg')

B. Same pellets, but crushed and sieved (> 800 um)

C. Petcoke, from China, low-sulphur, particle size 315 — 500 um QSHEERS
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D. Mix of crushed/milled biomass pellets and petcoke, 50/50 wt-%

E. Mix of crushed/milled biomass pellets and petcoke, 75/25 wt-%
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Fuels tested

Petcoke Pellets Crushed and
sieved pellets
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Oxygen carrier: lImenite

limenite from Titania in Norway, particle size 40 — 120 um

Fresh Used from
fuel reactor

Used from
air reactor
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Mixed fuel vs biomass, gas analysis
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Main results so far

CO2 capture rate [%)]
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Conclusions

* High fuel conversion and carbon capture rate obtained with biomass as fuel

* Limited capture rate obtained with petcoke as fuel, because of low fuel reactivity and that the pilot unit
is not optimally designed for this.

e Stable operation for biomass pellets and the petcoke-containing fuels.

* |Instabilities when using the crushed biomass pellets due to rapid devolatilization.

* Much longer residence time in FR needed, e.g. by using a "carbon stripper".
* Oxygen carrier with more "CLOU" effect would also improve some of the results.
* A smaller and more accurate fuel feed screw will improve operation (to be mounted soon)

* Much higher fuel conversion and capture rate can be expected in a large industrial unit, as residence
times will be much higher

e Allin all, CLC is a promising technology for carbon capture from solid fuels
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