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Centralized Stationary Fluidized Bed Combustion

Concept of Sewage Sludge Valorization
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P-RecoveryGasification

Grinding

Decentralized Entrained Flow Gasification

Concept of Sewage Sludge Valorization
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Clarification

Drying

Combined Heat and Power Generation

PHot Gas Cleaning

Digestion Benefits:

• no transport of low calorific fuel

• more combustible gas for the CHP unit

• more hot exhaust gas for drying

• higher conversion temperature
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Conversion of the solid fuel to a combustible product gas;

Cracking of organic impurities (pathogens, drug residues, plastics, …);

Release of problematic trace elements.

Technical data:

• Operation mode: electrically heated 

• Temperature: up to 1600 °C

• Pressure: atmospheric

• Fuel input: 300 g/h

• Dosing system: gravimetric

• Gasification atmosphere: O2, N2

Research focus:

• Residence time in entrained flow gasification

• Influence of the air ratio (0.0 - 1.0) on trace element release

• Influence of 18 additives on trace element release

• Influence of the temperature (800 °C – 1200 °C) on trace element release

5WasteEng24 | Ewald | August 20-23, 2024  | Sendai, Japan

Baby High Temperature Entrained Flow Reactor (BabiTER)

Experimental Setup

Simplified flow sheet of BabiTER



Chair of Energy Systems
TUM School of Engineering and Design
Technical University of Munich

6WasteEng24 | Ewald | August 20-23, 2024  | Sendai, Japan

Sampling and Methodology

Experimental Setup

DIN EN ISO 18122 for ash content

DIN 22022-2 via ICP-OES for element content

DIN EN ISO 17294 via ICP-MS for trace element content

DIN 22022-4 via ASS for Hg content

𝐶𝑖 =
𝑐𝑖 ∙ 𝑥Asche,0
𝑐𝑖,0. 𝑥Asche

𝑋ges =
1 − Τ𝑥Asche,0 𝑥Asche

1 − 𝑥Asche,0
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Influence of the Air Ratio on Trace Element Release

Experimental Results

MO: Muffle Oven

BT: BabiTer

SSS: Standard Sewage Sludge

Italic: Value below the detection limit
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Influence of 18 Additives on Trace Element Release

Experimental Results
MO: Muffle Oven

BT: BabiTer

SSS: Standard Sewage Sludge

Italic: Value below the detection limit
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Influence of the Gasification Temperature on Trace Element Release

Experimental Results

MO: Muffle Oven

BT: BabiTer

SSS: Standard Sewage Sludge

Italic: Value below the detection limit
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Influence of the Gasification Temperature and Additives on Iron Heavy Sewage Sludge on Trace Element Release

Experimental Results

MO: Muffle Oven

BT: BabiTer

FeSS: High Iron Sewage Sludge

Italic: Value below the detection limit
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Influence of the Gasification Temp. and Additives on Aluminum Heavy Sewage Sludge on Trace Element Release

Experimental Results

MO: Muffle Oven

BT: BabiTer

AlSS: High Aluminum Sewage Sludge

Italic: Value below the detection limit
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Release in muffle oven: 

Clear reduction of Hg and Tl. Moderate reduction of As and Cr. No reduction of Pb, Cd, Cu, Ni and Zn.

Release in gasification: 

Clear reduction of Cd, Hg and Tl. Moderate reduction of Pb, Zn, As and Cr. No reduction of Cu and Ni.

The influence of the air ratio is neglectable.

The influence of additives can be useful, but side effects (costs, corrosion) must be taken into account.

The influence of temperature is dominant, but the gasification system must allow a stable operation.

Outlook:

We tested sewage sludge in a 100 kW (30 kg/h) entrained flow gasifier with water quench:

• We see the expected reduction of trace elements in the main ash stream. 

• The filter dust contains very high concentrations of trace elements.

• We tested KCl as an additive. The trace element concentration in the main ash stream was higher than before.

 Hot gas cleaning to benefit from the release of trace elements for phosphorus recovery.
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Summary of Results and Outlook

Conclusions
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Thank you 

for your attention.

Don't hesitate 

to ask questions!

Chair of Energy Sytems
TUM School of Engineering and Design
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Equilibrium consideration in FactSage

Backup

Sewage Sludge Composition + Gas Atmosphere + Additive

C H N S Cl O Na Mg Al Si P S K Ca Ti Fe Cr Zn As Cd Hg Pb Tl Ni Cu

30 5 5 1 0.3 58.7 0.7 1.4 5.2 12.1 7.3 1.5 0.9 8 0.4 9.9 0.03 0.4 0.004 0.0006 0.0001 0.015 0.0001 0.4 0.0916
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Equilibrium consideration in FactSage to examine air ratio and additives

Backup
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