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ABSTRACT 
 

 For extending the use of biomass in electricity output, high thermal powers (over 1MW) are 
necessary. These thermal powers can be achieved by choosing the solution of suspension burning in 
equipments similar to pulverized coal burners and injection of gas enriched with hydrogen (HRG). In 
the present research we study the influence of HRG injection over the sawdust combustion process. 
 

1. INTRODUCTION 
 

The biomass has been used at the beginning especially in home burning equipment with 
low efficiency. In the last time it has been developed heat generators of low and medium 
power that burn various types of biomass (forests, agricultural waste) with high efficiency and 
low residues.  

HRG injection before the burner has been proposed in order to support the ignition 
process. HRG is obtained through water electrolysis and it represents a mixture of atoms and 
radicals (H, OH, O, HO2) having the low heat value of hydrogen (10760 kJ/ Nm3). The HRG 
is produced by a generator having a maximum volume flow rate of 4 Nm3/h [1]. 

For extending the use of biomass in electricity output there are necessary high thermal 
powers, over 1MW which can be achieved by choosing the solution of suspension burning, in 
equipment similar to pulverized coal burners. 

An important part in the fuel cost is that connected to the storage and to the 
transportation of the fuel. These economical calculations are necessary in determining the 
costs of the heating of spaces using biomass. This operator cost shows the advantage of 
suspension burning of sawdust and wood slivers, where Cce  has much diminished. 

 
 

2. THE BURNER CONSTRUCTION 
 

In principle, an installation to burn sawdust in a pulverized state has the following 
components: a fuel bunker, for an autonomy range of 4 to 6 hours, a pneumatic system to feed 
the sawdust to the burner, a primary, secondary and tertiary air fan and also a flue gas fan. 
The burner ensures a flow of 0.5 kg/s of sawdust, having a 14115 kJ/kg calculation calorific 
heat value. 

The elemental analysis of the sawdust was: 
%8,9%,5,5%,1%,0%,3,36%,7,4%,7,42 ======= i

t
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c
iii WANSOHC  

 A complete automatized boiler, with moving fire grate has the following auxiliary 
electrically acted: combustion feeder, acting moving grate, ash and slag discharge, air fan, gas 
fan. 
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For the suspension burning of sawdust, the feeding combustion is a pneumatic system 
from the air circuit, the auxiliary acting installations being: 

• Air fan 
• Gas fan 
• Slag discharge 

It remains as disadvantage the necessity of small dimension combustible particles, in the 
range of  1-3,0 mm. In nowadays technical stage there are few firms concerning with this 
problem, one of them being Saake [5]. As a result the members of Thermodynamics, engines, 
thermal and refrigeration equipments Department of University „Politehnica” of Bucharest 
proposed the construction of a burner for sawdust and wood slivers, in a modulating 
conception, starting from 600 kW thermal power. The burner is a multiple air swirling type. 
The HRG contribution is 20 kW resulting a 620 kW testing power.  

 
3. CALCULUS  

 
For the beginning, the project of the burner needs theoretic considerations about the 

combustible particles moving in the air flow and also the burning velocities. 
The efficiency of suspension burning (in air flow) depends on the ratio between the 

combustible particles velocity Wp and the burning velocity Ksc and it also depends on the 
residence time in the furnace sτ . 

For a swirling flow, with upward air circulation, the velocity of the combustible particles in 
the air flow is written bellow: 
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where: kp = 254, d [m]- the diameter of the particles, pρ  and aρ , [kg/m3]- the density of 

particles and air. 
       For the wood slivers the imposed values were: d = 0,002 m, pρ  = 850 kg/m3, aρ = 0,85 

kg/m3 having as a result: smWp /16
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    The velocity of the consumption of biomass particle has two components parts: the 
emission and burning of volatile substances and coke burning. The wood biomass has 60-70% 
volatile matters from the total combustible matter. 
     The velocity of the carbon consumption is:  
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where: 
32

12=τ - the coefficient of stoichiometric transforming, CO [kg/m3]– the oxygen 

concentration, α [ sm/ ]- the volatile burning velocity, β [ sm/ ]- the carbon burning velocity. 
The burner has the next characteristics: 

• Thermal power: max 600 kW; 
• Reduced weight (under 50 kg); 
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• Self-supporting construction (all subassemblies are welded with the central channel of 
primary agent, which sustains the entire construction); 

• Radial dimensions that permit to implement the burner in the furnace (furnace 
embrasure ∅168). 

The thermal normal operation of the fluids is in the next domain: 
• The primary agent temperature (60-90oC); this value is imposed by the humidity of the 

biomass at the entrance of the feeding system and the temperature of primary air. 
• The primary air temperature is between 150-200oC depending on thermal load. To 

avoid an accidental ignition of the biomass (of the emitted volatile matters of biomass 
in contact with the heated primary air) it can be used a dilution of the oxygen 
concentration by recirculating burnt gases. 

• The secondary air temperature, 150-220oC. 
• The tertiary air temperature, 150-220oC. 
The primary air represents 30-40% of the total air necessary for burning. This air has the 

aim of pneumatic transportation of sawdust particles and also ensures the ignition and burning 
of volatile substances, which ensure the burning of fix carbon of the wood matter of sawdust. 
The excess air ratio at the end of the furnace is imposed at the level λf = 1,25. 

In figures 1a and 1b is presented the constructed burner. 
The burner has multiple swirling flows for the secondary and tertiary air. The wood 

biomass and the transportation air are introduced by the central channel un-swirled. 
 

  
 

Figure 1 a The sawdust burner-front view 

Figure 1b The sawdust burner-lateral view 

 

 
Figure 2. HRG Injection system  
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Figure 2 presents the HRG injection system placed before the biomass burner. Thus, the 

flame results also as a biomass-hydrogen co-combustion process. 
      The axial blades at the end of central channel swirl the secondary air. 
      A primary air to the secondary air ratio of 0.5÷ 0.8 is proposed.  The excess air ratio at the 
burner level is imposed in the limits: λ = 1.2÷1.25. 
      The burner has also a system of swirling blades for each of the air circuits. 
     The primary air velocity is recommended to be W1 = 25 – 35 m/s, for the secondary air W2 
= 30 - 35 m/s, and for the tertiary air W3= 20 – 30 m/s. 
     An alternative for the axial blades system using one with radial blades is proposed. The 
swirl ratio used for different jet categories was of 1.2 for the secondary air and of 5.4 for the 
tertiary air. 
    The characteristics of burner working are: 

1. The thermal support combustible quota: 
• Gas volume/ sawdust mass: 
•  

  BBq gB /=          (3)          

 
where: Bg [Nm3/h]- the HRG gas flow capacity used as thermal support, B[kg/h]-the sawdust 
flow capacity. The calculus of sawdust flow capacity was B =80 kg/h. 

• Thermal quota: 
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where: Qg – the calorific heat value of the thermal support gas (Qg = 10760 kJ/ Nm3), Qi

i- the 
calorific heat value of the sawdust. 

2. The pneumatic transportation capacity of sawdust from the stoking bunker to the 
burner, defined by volumetric concentration of the sawdust in the air transport. 
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where: aV& -the air flow capacity for pneumatic transportation. As mass ratio, the sawdust 

concentration for transportation is: 
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where: ρa [kg/m3]-the density of the air for sawdust transportation (rectified for the real 
temperature). 

3. The thermal load of the burner embrasure 
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where: Qi
i[kJ/kg]- the calorific heat value of sawdust, Sa[m

2]- the aria of embrasure (for the 
embrasure diameter of 168 mm, the aria is 0.022 m2). 

4. The thermal load of the furnace volume compared with the project one is: 
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where: Vf – the active furnace volume. 

The designed thermal load of the furnace volume has the value qv = 41 kW/m3 (Vf 
=10m3) 

 
4. EXPERIMENTAL RESULTS 

 
The experimental tests aimed to find the ignition capacity and burning efficiency (in 

pulverized state) in an energetic medium power installation. 
The tests were made in the pilot furnace of 2 MWt of UPB, Thermodynamics, engines, 

thermal and refrigeration equipments Department, where it was implemented the new burner 
for wood slivers and multiple swirling jets of 620kW thermal power. Figures 3 and 4 presents 
the sawdust burner placed in the front of the pilot furnace. 

 

               
 

Figure 3. Details of assembling the burner                     Figure 4. Front view of the boiler 
 
      Figures 4 and 5 present the flame in the furnace, visualized from the back visiting door or 
the furnace, using a digital camera. It is noticed a strong intensity and radiation of the flame, 
similar to pit coal flame. 
 

 
 

Figure 5. The general aspect of the flame evolution 
 

The thermodynamics dimensions measured in the flame and also the general aspect of 
the flame show an intensive burning which recommends this burning technology. 

The technology of suspension burning of sawdust with swirling burners makes possible 
the increase of power from medium to high energy production. So, if the tested burner has a 
thermal power of 620 kWt, following the principles to realize it, the power can be increased to 
3MWt for the next burners. 

The coupling of more burners permits the achievement of steam generators or hot water 
boilers with power over 10 MW t. 
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After processing the experimental data, resulted the characteristics already presented in 
„Calculus” method.  

1. The thermal support combustible quota 
Gas volume/ sawdust mass: 

- the maximum value /kgm05,0 N
3=Bq sawdust 

- the minimum value 0=Bq  Nm3/kg  sawdust 
2. The pneumatic transportation capacity 

     The sawdust mass concentration in the transportation air was: 3kg/m24,0=c and 
kg/kg19,0=∗c . 

3. During the tests, the air excess value were: 

45,106,1

%6,62,12

−=
−=

λ
O

 

4. The carbon monoxide emission was: 
 3mg/m43-19,8=CO  

      This value is incontestable lower to that of the layer burning technology. The NOx 
emission was 3mg/m387-375=xNO .  

 
 

3. CONCLUSIONS 
 

The designed burner successfully achieved the rated thermal power 620 kW, for a sawdust 
flow capacity of 80 – 85 kg/h and 4 Nm3 HRG. 

In all these stages the flame had high temperatures, similar to pit coal flame working with. 
The flame had high brilliancy aspect and filled the entire furnace volume. 

Under the influence of HRG the burning was stable and the emissions were low. The CO 
emission, which is high when using layer burning biomass, was extremely low, under 40ppm, 
when using suspension burning sawdust. This aspect offers an advantage to suspension 
burning of sawdust as also the possibility of higher power achievements. 
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