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Introduction 

• Coal: Generates 41% of the world’s electricity 

 

• Biomass: CO2 neutral 

 

• Torrefied biomass: upgraded biomass 

 

• 200-300°C in the absence of oxygen for a certain residence time 

 

• End product is similar to low rank coals: Increased CV, more easily ground, 

hydrophobic 

 

• Mixtures Coal/biomass or torrefied biomass 

 

 

 

 









KSt=30-220 barm/s 

Pmax =5-10 bar  

MEC= 60-120 g/m3 



KSt=23-208 barm/s  

Pmax =6.7-10.4 bar  

MEC= 20-210 g/m3 



Y (wt%)= xbiomas Ybiomass (wt%)+xcoalYcoal (wt%) 





Objectives 

– Determine explosion characteristics KSt, Pmax (Dust size 

<63 μm) 

– Determine combustion properties: flame speeds, 

burning velocities, heat release rates 

– Determine the changes in combustion/explosion 

properties induced by torrefaction and by mixing of 

fuels 
 



KSt 



Correlation of KSt and fraction of fines 



Pmax/Pi 



KSt Biomass/coal mixtures 

 



Pmax/Pi: Biomass/coal mixtures 



KSt  Torrefied biomass/coal mixtures 



Pmax/Pi:  Torrefied biomass/coal mixtures 



Summary Explosion characteristics 
KSt (barms-1) Pmax/Pi SFTTurbulent 

Flame Speed (m/s) 

SL Laminar 

burning 

velocity (m/s) 

ECNR 109 9.0 3.7 0.10 

ECNT 138 9.1 5.6 0.15 

RWER 81 8.8 3.4 0.10 

RWET 95 8.9 3.6 0.10 

NBER 105 9.0 4.5 0.12 

NBET 115 8.8 4.4 0.12 

S2SR 96 9.0 3.8 0.10 

S2STA 110 9.1 4.6 0.12 

S2STB 111 8.7 4.2 0.12 

S2STS 122 9.0 5.1 0.15 

Kellingley Coal 78 8.2 3.7 0.12 

MIXTURE (by mass) 

Kellingley Coal+TM8S 

(50/50) 
96 8.4 4.1 0.12 



Summary explosion characteristics 
KSt 

(barm/s) 

Pmax/Pi SFT Turbulent 

Flame Speed 

(m/s) 

SL Laminar 

burning velocity 

(m/s) 

Colombian Coal 129 8.5 5.2 0.16 

Pine wood pellets 87 8.7 3.4 0.1 

MIXTURES (by mass) 

Mixture A (5% 

PWP, 95% CCB) 
125 8.6 5.6 0.17 

Mixture B (15% 

PWP, 85% CCB) 

 

123 8.6 5.3 0.16 

Mixture C (20% 

PWP, 80% CCB) 

 

147 8.7 6.3 0.18 

Mixture D (40% 

PWP, 60% CCB) 

 

149 8.6 6.3 0.18 



Correlation of Flame speeds and KSt 
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Flame speeds, burning velocity and HRR 
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Conclusions 

• Torrefied biomass showed higher KSt and Pmax than raw 

parent biomass  

• Occasional synergistic effect in mixtures 

• Linear relationship SF and KSt 

• Factors affecting reactivity related to rate of reaction 

(particle size, surface area) 
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