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• Biofuels are needed to reduce CO2 emissions in combustion processes 

• No specific policy or limits for co-combustion emissions 

• Separate emission limits for SO2, NOx, ammonia, volatile organic compounds 

and PM10 (including black carbon) [1] from coal and biomass combustion 

• Co-combustion of coal and biomass is identified as one pathway in European 

Industrial Bioenergy Iniative [2] 

• 20% increase in co-combustion from 2010 to 2024 is expected by The Energy 

Information Administration (in USA)  

• expectations / policy have changed? 



The power plant 
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• Combined heat and power plant 

• Base-load power station with two boilers 

• 365 MWth per boiler 

• 12 pulverized fuel low-NOx burners (6 with coal, 6 with fuel mixture) 

Grinding 

mills (2) 

Coal 
10.5% 

industrial 

pellet 

6 burners 6 burners 

Grinding 

mills (2) 

Boiler 



Chemical composition of fuels 
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industrial 

pellet 
coal 

Moisture % 6.7 11-11.3 

Ash % 0.8 10.5-11.4 

Volatiles % 78.1 32.8-33.1 

Heating value GJ/t 17.7 24.6-24.9 

C % 47.4 62.3-63.1 

H % 5.6 4.1-4.2 

O % 39.4 0 

S mg/kg dry 180 3100-4600 

Cl mg/kg dry 39 236 

Na mg/kg dry 69 1400-1600 

K mg/kg dry 760 2500-2900 

Ca mg/kg dry 2300 4300-4800 

Mg mg/kg dry 280 1700-1900 
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Dilution 

• Porous tube type 

primary dilution, DR ~11 

• Ejector diluter 

DRtot~300 

Concentration of 

gaseous compounds 

Particle number size 

distribution 

• ELPI+ (6 nm - 10 μm) 

• SPMS (10.8 - 410 nm) 

Particle mass size 

distribution 

900-1000 °C 

Instrumentation: particles in boiler 
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Dilution 

• Porous tube type 

primary dilution 

• Ejector diluter 

DR~21-27 

Concentration of 

gaseous compounds 

78-130 °C 

Particle number size 

distribution 

• ELPI+ (6 nm - 10 μm) 

• SPMS (10.8 - 410 nm) 

Particle number 

concentration 

Instrumentation: flue gas in stack 
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Concentration of 

gaseous compounds 

Particle number size 

distribution 

• EEPS (5.6 nm – 560 nm) 

• SPMS (10.8 - 410 nm) 

Particle number 

concentration 

Instrumentation: flue-gas plume in 

atmosphere 



Particle number concentration and size 

distribution, boiler [3] 

20.6.2017 9 

1.0E+04 

1.0E+05 

1.0E+06 

1.0E+07 

1.0E+08 

1.0E+09 

10 100 

d
N

/d
lo

g
D

p
 [

1
/c

m
3

] 

Dp [nm] 

Coal 

Coal + industrial 
pellet 10.5% 

Ntot 2.76∙10
8 cm-3 

Ntot 2.20∙108 cm-3 

25 nm 110-120 nm 
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After ESP 

After ESP, FLUE GAS DESULPHURIZATION 

AND FABRIC FILTERS 

Ntot 0.74∙10
6 cm-3 (CPC) 

Ntot 354 cm-3 (CPC) 

Ntot 420 cm-3 (CPC) 

Ntot 1.8∙10
6 cm-3 (CPC) 

[4,5] 

Particle number concentration and size 

distribution, stack [3] 
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Particle number concentrations in the 

atmosphere: coal  

Ntot 420 cm-3  

in stack 

Ntot 

1.8∙106 + 420 cm-3  

in stack 

[4] 

BYPASSING FLUE GAS 

DESULPHURIZATION AND 

FABRIC FILTERS IN ONE DUCT 
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Particle number concentrations in the 

atmosphere: coal + industrial pellet  

Ntot 

354 + 420 cm-3 

in stack 

Ntot 

0.74∙106 + 420 cm-3 

in stack 

[5] 

BYPASSING FLUE GAS 

DESULPHURIZATION AND 

FABRIC FILTERS IN ONE DUCT 
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̴106 

̴103 

Urban background (Pirjola et al. 2012, AE) 

City center (Lähde et al. 2014, AAQR) 

Boiler [3] 

Effect of electrostatic precipitator 

Effect of desulphurization 

and fabric filters (Frey et al. 

2014 EST) [4,5] 

Atmospheric 

dilution [4,5] 
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