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Introduction
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Quelle: Kaltschmitt 2001, Energie aus Biomasse



Compositionof Fuels

Major elements (> 1% resp. > 10.000 mg/kg) 

Á Carbon, C

Á Oxygen, O

Á Hydrogen, H

Á Nitrogen, N
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Minor elements (0,01 ï1 % resp. 100 ï10.000 mg/kg)

Á Phosphorus, P

Á Potassium, K

Á Sodium, Na

Á Sulfur, S

Á Calcium, Ca

Á Silicon, Si

Á Magnesium, Mg

Á Chlorine, Cl

Trace elements (< 0,01 % resp. < 100 mg/kg)

Á Boron, B

Á Copper, Cu

Á Iron, Fe

Á Manganese, Mn

Á Zinc, Zn



Combustion

Power plant process
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Boilerash

Input

C, N, H, S, O, 
Al, Mg,Ca, Si,…
Cr, Cu, Ni, Co,
Cd, Pb, As,Hg

ParticulateMatter, 
CO2, SO2, NOx, CO, 
Cr, Cu, Ni, Co,

Cd, Pb, As,Hg

G

N2, O2

Vol.-%
(dry air)

Nitrogen N2 78,10

Oxygen O2 20,93

Argon Ar 0,9325

Carbon dioxide CO2 0,03 –0,04

Hydrogen H2 0,01

Neon Ne 0,0018

Helium He 0,0005

Krypton Kr 0,0001

Xenon Xe 0,000009



CombustionProcess
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SlaggingandFouling

Ash meltingbehaviorof different combustibles
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Power plant process

C, N, H, S, O, 
Al, Mg,Ca, Si,…
Cr, Cu, Ni, Co,
Cd, Pb, As,Hg

FlueGas Cleaning
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Boiler ash

ParticulateMatter, 
CO2, SO2, NOx, CO, 
Cr, Cu, Ni, Co,

Cd, Pb, As,Hg

G
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Boiler ash
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Ash compositiondeterminesutilizationor disposal

ÁDisposal

ÁCostintensive

ÁContradictsgoalsfora „circulareconomy“

ÁUtilization

ÁAdditive for constructionmaterials

ÁRecovery of valuablecomponents

ÁFertilizer/ soil amendment

ÁBoth utilizationand disposalareregulatedby national legislation, 
(e.g. FertilizerOrdinancein Germany)
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Screening of different ash fractionsfrom wood-fueledHPPs
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Source: Tejadaet al. (2020)



Screening of different ash fractionsfrom wood-fueledHPPs
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Potential applicationasa fertilizer is definedby the German fertilizer ordinance:

ÅBottom ash: „Combustionchamberash“ maybe used

ÅBoiler/cycloneash:  Utilizationpossible

ÅFly ash: Ash from„last filter unit“ isexcludedfrom use

Source: Tejadaet al. (2020)



24.05.16 Prof. Dr.-Ing. Harald Thorwarth 13

Assessment of
different ash 
fractionswith regard
to legal limitsfor
TE-concentrations
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Nutrient
concentrationsin 
ash fractions
comparedto
requirementsfor
licensed
multinutrient
fertilizers



Thankyou!

Contact information

Harald Thorwarth Thorwarth@hs-rottenburg.de, 

Johanna Eichermüller, eichermueller@holzenergie-bw.de

University of Applied Forest Sciences, Rottenburg

www.hs-rottenburg.net

Holzenergie-Fachverband Baden-Württemberg

www.holzenergie-bw.de

Phone: +49 (0)7472/951-122

Address: Schadenweilerhof, D-72108 Rottenburg am Neckar 
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SlaggingandFouling

Ash meltingbehaviorof different combustibles
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Quelle: Spliethoff, 2010

Erweichungspunkt EP Halbkugelpunkt HP Fließpunkt FP



Emissionsreduction

Deposition of traceelements

19

Classification according to [Meij]


