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Structure

1. Method

- Test fuel production

- Combustion testing 

2. Results (additives on several wood fuels, straw, other herbaceous fuels):

Emissions: PM impact

Emissions: CO impact

Emissions: HCl+SO2 impact

3. Some other researchers‘ findings on kaolin additives 

4. Conclusions
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Raw materials

Mack
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Wood pellets 6 mm 

(from market)

Wheat straw pellets 8 mm Poplar chips

Grass cobs 9 mm Sunflower husk pellets 8 mm
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▪ Amandus Kahl 33-390 pellet plant was used for 

milling and pelletizing

▪ Mixing of raw materials with water and additive 

by a Stockmann 500 ESK extract-mixer

▪ The amount of kaolin was determined by 

stoichiometric calculations:

• regarding the fixation of potassium in the ashes 

as silicates 

• with a safety factor of 12 and 50 %

▪ All pelletizing happened without binding agent

Production of test fuel pellets

Mack
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Fuels applied in test campaign

Mack

Wood pure Wheat straw pure Grass pure Sunflower husk pure Poplar pure

50% Wood 

50% wheat straw

Wheat straw 

3.45% kaolin

Grass 

8.1% kaolin

Sunflower husk 

2.8% kaolin

Poplar 

1.5% kaolin

75% Wood 

25% wheat straw

90% Wood 

10% wheat straw

Grass 

10.5% kaolin
Poplar chips
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Additional combustion trials

Mack
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Poplar pellets 

mixed with kaolin

Blended pellets

50 % wood + 50 % wheat straw 
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Boiler for combustion trials: Guntamatic Powerchip 20/30 

(year of construction 2010)

Mack
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Source: 

Guntamatic

Nominal boiler heat power output: 

- Wood chips 7-30 kW, 

- Wood pellets 7-30 kW, 

- Grain 7-25 kW, 

- Miscanthus max. 7-25 kW

Moving grate
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▪ Boiler and fuel feeding system was cleaned by vacuum cleaner and 

pressurized air 

▪ Start and preheating phase of the boiler: approx. 2 h

▪ “Nominal” load operation (at least 70 %) for 8 h 

▪ Continuous measurement of gaseous emissions

▪ PM: 4 × total particle emissions for 30 min (at 0-30 min, 150-180 min, 300-330 

min and 450-480 min)

▪ Filtration temperature 180 °C; pre- and post-treatment of the filters at 180 °C, 

rinsing the probe with acetone

▪ Complete collection of all ash and slag for screening assessment

Method

18 B Mc 006

Hartmann • Mack
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Ash chemistry with kaolin additive

Hartmann • Mack 
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Source: Kamik Kaolin S2 Datenfile

Composition of kaolin used: 

Kaolinit 87 %

Source: Kaltschmitt, et al., Energie aus Biomasse 2016 

𝐀𝐥𝟐𝐒𝐢𝟐𝐎𝟓 𝐎𝐇 𝟒 ⇋ Al2O3 ∙ 2SiO2 + 2H2O

Al2O3 ∙ 2SiO2 + 2KCl + 2H2O⇋ 2KAlSiO4 + 2HCl

Al2O3 ∙ 2SiO2 + 2SiO2 + 2KCl + 2H2O⇋ 2KAlSi2O6 + 2HCl

Al2O3 ∙ 2SiO2 + K2SO4⇋ 2KAlSiO4 + SO3

Kaolinit:

Relevant reactions in ash bed:

𝐀𝐥𝟐𝐒𝐢𝟐𝐎𝟓 𝐎𝐇 𝟒 ⇋ Al2O3 ∙ 2SiO2 + 2H2O

Al2O3 ∙ 2SiO2 + 2KCl + 2H2O⇋ 2KAlSiO4 + 2HCl

Al2O3 ∙ 2SiO2 + 2SiO2 + 2KCl + 2H2O⇋ 2KAlSi2O6 + 2HCl

Al2O3 ∙ 2SiO2 + K2SO4⇋ 2KAlSiO4 + SO3

Kaolinit:

Relevant reactions in ash bed:



P 20 B Ha 002
Folie 10

Kaolin impact on total particulate matter (TPM) emissions (1): 

Poplar fuels

-71 %

-56 %

-44%

Hartmann • Mack
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Demonstrating immediate impact on flue gas composition 

with/without kaolin additivation
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Kaolin impact on total particulate matter (TPM) emissions (2): 

Wheat straw pellets
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Kaolin impact on total particulate matter (TPM) emissions (3): 

Herbaceous fuel pellets
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Kaolin impact on SO2 and HCl emissions (1): Herbaceous 

fuel pellets
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Chemical explanation for enhanced HCl and SO2 release

18 B Mc 012

𝐀𝐥𝟐𝐎𝟑 ∙ 𝟐𝐒𝐢𝐎𝟐 +𝐊𝟐𝐒𝐎𝟒⇋𝟐𝐊𝐀𝐥𝐒𝐢𝐎𝟒 + 𝐒𝐎𝟑

Source: Kaltschmitt, et al., Energie aus Biomasse 2016 

𝐀𝐥𝟐𝐎𝟑 ∙ 𝟐𝐒𝐢𝐎𝟐 + 𝟐𝐊𝐂𝐥 + 𝟐𝐇𝟐𝐎⇋𝟐𝐊𝐀𝐥𝐒𝐢𝐎𝟒 + 𝟐𝐇𝐂𝐥

𝐀𝐥𝟐𝐎𝟑 ∙ 𝟐𝐒𝐢𝐎𝟐 + 𝟐𝐒𝐢𝑶𝟐 + 𝟐𝐊𝐂𝐥 + 𝟐𝐇𝟐𝐎⇋𝟐𝐊𝐀𝐥𝐒𝐢𝟐𝐎𝟔 + 𝟐𝐇𝐂𝐥

Hartmann • Mack
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Kaolin impact on CO emissions (1): Herbaceous fuel pellets
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Kaolin impact on CO emissions (2): Poplar fuels (pellets/chips)
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Other researchers’ findings - Trials at Umeå University Sweden: 

Grass-wood-mixture-pellets + kaolin
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Pellet boiler used in UMEA: 

- VEDSOL Combifire, 

- Heat output: 15 kW, 

- underfeed pellet burner cup with 

rotating ring at the top

- fuel was produced at TFZ

Source: Christoffer Boman, 

Partner in Eranet-Project „BioFlex!“ 

Hartmann • Mack



P 20 B Ha 002
Folie 19

Kaolin impact on SO2 and HCl emissions (2): Poplar fuels
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Comparison of slagging behavior 

lab test according to PASSA-method

20

Wheat straw pure Wheat straw + 3.45 % kaolin

1000°C

250°C
4h

6h

heating rate at 10 K/min

Careful ash removal

with brush

Hartmann • Mack
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Previous research on kaolin additivation

18 B Mc 017
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Published: Huelsmann, T.; Mack, R.; Kaltschmitt, M.; Hartmann, H. 

(2019): Influence of kaolinite on the PM emissions from small-scale 

combustion. Biomass Conversion and Biorefinery 9 (1), pp. 55-70
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Conclusions

18 B Mc 017

▪ Additivation with kaolin largely reduces particle- and CO-emissions. 

▪ Separately added kaolin to the boiler is slightly less effective than 

additivation before pelletization.

▪ Additivation with kaolin can raise SO2 and HCl emissions. This is a 

problem for Cl- and S-rich fuels.

▪ With agricultural and poplar fuels in with conventional boilers the use of 

additives alone is mostly not sufficient to meet European PM-emission 

limits. Combination with ESP or filter is required. 

▪ Fuel blending with softwood reduces slag formation of wheat straw, 

but high wood shares are needed (>75 %).

▪ Kaolin additive can largely reduce slag related problems.

Hartmann • Mack
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Guidelines and other publications

Hartmann
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Full scientific report (in German) 

will be released in February 2020: 

„Schwierige Pelletbrennstoffe für 

Kleinfeuerungsanlagen -

Verbrennungstechnische Optimierung 

durch Additivierung und Mischung“

TFZ Report No. 65 

Download: 

http://www.tfz.bayern.de/festbrennstof

fe/publikationen/index.php
Download guideline: 

https://bioflex-eranet.eu/publications/

http://www.tfz.bayern.de/festbrennstoffe/publikationen/index.php
https://bioflex-eranet.eu/publications/
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Thanks for listening!

Dr. Hans Hartmann

Technology- and Support Centre in the Centre of Excellence of 

Renewable Resources (TFZ)

Schulgasse 18, 94315 Straubing/Germany

Email: hans.hartmann@tfz.bayern.de

Tel.: +49 9421 / 300-112

www.tfz.bayern.de


