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• Project / Motivation 

• Main research 

• Experimental plant 

• Investigations 

• Forecast 
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Project (FNR) 

 

 
Investigation and development of process concepts for the 

thermal use of biomass 

  

Topics: 

- Reduction of emissions (CO, CxHy, fine dust, NOx, C) 

- Formation of tar 

- Effect of biomass pretreatment 

- Sustainability 
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WP 4 

Biomass treatment: 

HTC-reactor 

 

FNR 

                      WP 1 

High-temperature combustion:    

Entrained-flow combustor 

                   WP 3 

High-temperature gasification: 

Entrained-flow gasifier 

                   WP 2 

Generation and corrosion:      

High-temperature heat 

exchanger 
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Work package 1: High - temperature combustion 

     Combustion temperature (range of 1000 -1300°C) 

Depending on fuel and combustion technology  

combustion temperature should be: 

•  below the ash melting point 

•  or in the range of forming a completely liquid phase (above Tcr) 

     Fuels: pulverised torrefied and hydrothermal carbonised biomass 

• Investigation of: 
 

– NOx - formation at different temperatures and reduction by primary 

measures (TA Luft/BImSchV) 

– Gas quality of different biomasses 

– Ash melting behavior 

– Viscosity of ash meltings 

 

4 



Technische Universität München 

GTT Annual Workshop and User Meeting 2013 – Raphael Marro 

Torrefaction 

Educts 
Torrefaction 

 
- 200–300 °C 

- 15–120 minutes 

- Atm. pressure 

- Exclusion of oxygen 

Pretreatment 

(grinding, drying) 
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Woody  

biomass 

Pelletizing 

(optional) Products 

• Gases (CO2, CO) 

• Thermal energy 

• Wastewater 

 

 

a form of pyrolysis under mild conditions in the range of 200 - 300 °C 

under athmospheric pressure. During the process the biomass is dried 

and volatiles removed 

[1] 
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Hydrothermal carbonisation (HTC) 

Educts 
HTC 
- 170 – 250 °C 

- 4 – 16 h 

- 10 – 20 bar 

Pretreatment 

(grinding) 
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Process energy 

Process water 

Catalysts 
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Biomass: 

 

• Straw / Hay 

• Maize / grass – sillage 

• Fermentation residues 

• Sewage sludge 

• Wood chips 

• Draff 

 

Pelletizing 

(optional) Products 

Gases (CO2, CO, CH4) 

Thermal energy 

 

 

the conversion of biomass under hydrothermal conditions  

(170 - 250  C /10-20 bar) in an aqueous environment to produce a 

lignite similar product. 

Wastewater 

[1] 
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Entrained flow reactor (EFR) 
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Flugasche

d

d

d

d

d

d

Primärluft

Sekundärluft
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Isolierung
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Sondenzugänge
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Brennstoffbehälter 2

Flugasche

Possible solid fuels 
- Butiminious / brown coal  

- Torrefied biomass / HTC coal in 

ground form  

- Sludge 

Technical data 
- Reactor height: 2 m 

- Inner diameter: 150 mm 

- heat output: 50 kWth 

- max. operating temperature: 

1500°C 

- operating pressure: atmospheric 

- fuel mass flows: 1 kg/h   

- residence time : 0,2 – 1,5 s 

 

primary air 

secondary air engine 

vibrating chute 

burner 

reaction tube 

isolation 

heating unit 

special ports 

burnout air 

filter 

fly ash 

fuel tank 1k fuel tank 2k 

gas analysis 

O2, CO, CO2, NO, NO2, 

SO2, HCN, NH3, HCl 

7 



Technische Universität München 

GTT Annual Workshop and User Meeting 2013 – Raphael Marro 

NOx Formation 

raw 

coal 

N 

volatiles N 

char 

N 

Fixed N 

Volatile N 

N2 

N2 

NOx 

[2] 
NOx formation from fuel nitrogen in pulverised coal 

combustion depends on: 

 

• the devolatilisation of the fuel nitrogen 

• the formation of NO from residual char nitrogen and 

• the formation of NO from the nitrogen of volatile matter 

 [3] 
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Reduction of NOx with air staging 

- Substoichometric in the primary zone 

 λ1 = 0,6 – 1,1 

 

- Less excess air in the burnout zone 

 λ2 = 1,2 

 

NO 

NHi 

N2 

HCN Fuel N 
O, H, OH 

CHi O, OH 

NO, NHi 
CHi 
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Significant factors for the NOx  

reduction: 
 

- Temperature 

- Residence time 

- Air ratio 

[4] 
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Ex – situ measurements to analyse the Ash behavior 

11 



Technische Universität München 

GTT Annual Workshop and User Meeting 2013 – Raphael Marro 

Characteristic temperatures [°C] Ash content [wt.-%] 

[5] [6] [6] 
[5] [6] [6] 
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Completely liquid? 

-> FactSage, HT-

Xray, DTA, Tcr, 

Depositions, etc. 

Completely solid? 

-> FactSage, HT-

Xray, DTA, 

Depositions, etc. 
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Torrefied poplar 

Phase – diagram (liquid / solid) 

Hydrothermal carbonised beech  

Torr. Poplar HTC beech 

ma-% ma-% 

Na2O 0,804 0,97 

MgO 6,297 2,158 

Al2O3 3,398 6,701 

SiO2 13,074 75,276 

P2O5 7,13 2,655 

SO3 2,919 1,871 

K2O 7,395 2,933 

CaO 45,544 8,639 

TiO2 0,174 0,348 

V2O5 0,004 0,009 

MnO 0,464 0,15 

Fe2O3 2,521 3,755 

NiO 0,05 0,023 

CuO 0,035 0,019 

ZnO 0,157 0,071 

As2O3 0,006 0 

SrO 0,068 0,037 

PbO 0,006 0,009 
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• Start up of the experimental plants 

• Investigation of NOx reduction with air staging 

• Characterisation of the phase formation of different 

biomasses (TGA, DTA, AMM, Xray) 

• Slag investigation with a deposit probe (EDX, SEM) 

• Calculations with FactSage regarding the viscosity, the 

qulitative and quantitative phase content 

• Correlation of the results 

Forecast 
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Thank you! 

Questions / Suggestions? 
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Attachment 
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Results of the 

RFA 

Results of the Ultimate 

Analysis 
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Generation with an indirectly fired gas turbine 

- Decentralised biomass 

electricity conversion plant 

(<500 kW)  

 

- Micro gas turbine (60–200 kW) 

- Turbec, Capstone, 

Ingersoll 
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