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Innovation roadmap of pulverized waste in entrained-flow
gasification to commercial scale and market readiness

from reactivity studies to process design to first-of-its-kind
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Depicting the industrial gasifier performance prior to up-scaling TUTI
(1) comprehensive conversion assessment

setting the scene for the entrained-flow gasifier's KPIs

fuel analysis, dosing, reacitivty / kinetics, slagging

> ldentification of most suitable waste
feedstock for industrial up-scaling

» determination of model parameters via
comprehensive experimental
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Depicting the industrial gasifier performance prior to up-scaling TUTI
(2) Experimental concept, model selection and utilization

individual investigation of kinetic phenomena and aggregation in a cohesive CFD model \ERENA
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Biogas plants for bio-methan production are steadily increasing TUTI

In Germany: residues show major potential for gasification

feedstock challenges: particle size, feeding, mineral matter: Is thermal pre-treatment necessary?
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Feedstock challenges

=  heterogeneous nature
= particle size—dosing-relationship
*  milling technique (e.g. hammer mill, ...
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Devolatilization kinetics under entrained-flow conditions Tum
wire-mesh reactor: parameter study (T, p, t) o

fast devolatilization within 250ms with 80% fuel conversion under high-temperature conditions
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Representative char production near industrial conditions: TUTI

pressurized high-temperature entrained-flow reactor (PITER) ©

physical and chemical char characterization allows the verification of kinetic sub models at microscopic level
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Char structure analysis: surface area & graphitization

TUTI

CO,-Physisorption, FT-IR, XRD, Raman spectroscopy, SEM-EDS o

Physical and chemical char characterization allows the verification of kinetic sub models at microscopic level
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0,/CO,-char reactivity development & structural-relationship  TUTI
atmospheric TGA & Raman spectroscopy e

The influence of the particle thermal history on the char reactivity
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Pressurized TGA: char gasification kinetics in chemically-
controlled regime shows high intrinsic reactivity

TUTI
®

high-pressure tests allow Langmuir-Hinshelwood fitting on saturation, product inhibition & mixed atmospheres

preliminary results

Power Law Langmuir-Hinshelwood
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Summary: solid digestate shows promising reactivity and TUm
conversion behavior for up-scaling

reliable fuel dosing in pressurized entrained-flow reactor without thermal pre-treatment
(vibrating units)

devolatilization kinetics: 80% conversion after 250ms
char structure: low surface area and strong graphitization at 1600 °C
thermal annealing: especially relative CO,-reactivity deteriorates strongly at 1600 °C

reaction kinetics: highly reactive biomass char
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Up-scaling to an 100 MW pressurized entrained-flow gasifier TLUTI

Solid digestate ticks all boxes for up-scaling! What are the ideal operating conditions? - CFD simulation
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