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ABSTRACT 
 

 The paper analyzes the experimental combustion efficiency of solid biomass in the form of willow chips in 
hydrogen jet (gas enriched in hydrogen - HRG). The experiments has been performed on a 2 MW boiler from the 
Polytechnic University of Bucharest. We used a 600 kW burner with HRG injection in the supply pipe for 
willow chips. The main contribution of the hydrogen consisted in a massive reduction of CO, mainly because of 
a higher combustion rate. 
 

1. INTRODUCTION 
  

An inovative and efficient technology for burning solid biomass as willow is the 
combustion in air jet. This technology allows the combustion of solid biomass in form of 
chips, as was harvested. We distinguish the following aspects related of efficiency: 

- no need for mechanical processing for willow after harvest; 
- increased thermal power that recommand the process for energy production; 
- a swift and efficient combustion. 
Typically, the CO emission is quite high for solid biomass combustion, regardless of 

technology. Combustion in a stream of hydrogen, with a thermal participation up to 8% 
allows to control CO emissions, at the end of furnace reaching the generally accepted values 
of max 100 ppm. 

Achieving high power plants using solid biomass involves compliance with the 
environmental protection regulations. CO is the main pollutant that must be removed; 
consequently, the combustion of solid biomass with hydrogen is an effective way to solve this 
problem. 

 
2. WILLOW COMBUSTION EFFICIENCY IN JET OF AIR AND HYDROGEN  

 
Combustion of solid biomass in airflow is similar with pulverized coal combustion. 

Consequently, the combustion chamber (the furnace) will be equipped with a suitable burner. 
In our previous research, two burners of 600 and 620 KW have been built. 

Hydrogen was introduced with the willow chips in the burner, resulting a perfect blend 
between solid phase, air and hydrogen. The analysis of safety concluded that the continuous 
supply system of hydrogen and solid fuel besides the high speed air jet into the furnace does 
not allow for the return of the hydrogen flame. The return of the flame may be possible due to 
the poor burn rate between hydrogen and biomass. 

Figure 1 shows a scheme of the solid biomass burner and the hydrogen (HRG) 
injection.  
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Figure 1: HRG Injection system 
1-Injection channel; 2-HRG injector; 3-distribution channel; 

4-embrasure; 5-fuel channel. 
 

Elemental analysis of the solid fuel is: 
Ci = 40 – 44,8%; Hi = 4,3 – 4,8%; Oi = 33 – 36,3%; Ni = 0,7 -1%; Ai = 2,3 – 5,6%;               

Wi
t = 9,8 – 13,7%. 

Heating value varied in range 14 115 – 19860 KJ/kg. 
  

3. WORKING METHODOLOGY 
 
 Swirling type burner with secondary and tertiary air flows was designed and executed 
by UPB ICEMENERG SA, with the following features: 

a) thermal power: maximum 600 KW;  
b) low weight (up to 50 kg); 
c) self-supporting construction (all subassemblies are welded to the central 

channel with primary agent, an element that supports the whole building); 
d) radial size allows its implementation in furnace embrasure. 

Hydraulic resistance of pneumatic circuit connected to the burner was thus calculated 
to create compatibility with the boiler auxiliaries. Thus, for the primary agent (air and solid 
biomass particles), for the secondary and tertiary air circuit, hydraulic resistance is less than 
100 mmH2O and it is performed by the ventilation system;  

The thermal regimes of fluid circuits are in the following range: 
- The temperature of the primary agent: 60 - 900C; The value is imposed by the 

solid biomass humidity at the entrance of the supply system and the primary air 
temperature; 

- Depending on the heat load of the system, the temperature of the primary air will 
have values of about 150 - 200 0C. In order to avoid possible ignition of solid 
biomass (of the volatiles released in the contact with the hot primary air), a higher 
concentration of oxygen coming from flue gas recirculation, will be used; 

- Secondary air temperature is 150 - 2200C; 
- Tertiary air temperature is 150 - 2200C. 
- Primary air accounted for 30-40% of the total combustion air. 
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Excess air at the end of the furnace is imposed λf = 1.25, common value for high 
efficiency biomass boiler. 

The parameters that characterize the installations functioning are presented below: 
1. The thermal support combustible quota: 

- Mass participation ratio: 
 
                                          BBq gB /=                                     (1) 

 
where Bg is the flow rate of hydrogen, and B - biomass flow rate. 

- Thermal participation rate: 
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where Qg  is the calorific value of the fuel gas and Qi

i calorific value of biomass. 
 

2. Capacity of pneumatic transportation of biomass, defined as volume concentration in 
transportation air: 
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where aV&  is the air flow of pneumatic transport, m3/s 
 In mass proportions, the transport concentration of solid biomass will be: 
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where pa is the density of air for solid biomass transportation (corrected for real temperature 
regime) in kg/m3 

3. Thermal loading of burner embrasure: 
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where Sa is the burner embrasure surface, m2. 

4. Thermal loading of furnace volume 
                                     
             
 
where Vf is the active volume of the furnace, m3. 

The effectiveness of combustion in a stream of hydrogen has been characterized as a 
result of experiments by the following performance criteria: 

- the thermal support combustible quota:  
qB = max 0,03 kg HRG/kg solid biomass 
q*

B =2,9% 
The calorific value of HRG was: Qg = 10760 KJ/m3

N (18240 KJ/kg), biomass flow 
rate being B = 82 kg/h with Qi

i = 17000 kJ/kg. 
- thermal loading of furnace volume: q = 0,04 - 0,0041 MW; 
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As the thermal load may be raised to values of 0.1 - 0.12 MW, results the possibility 
of charging of the furnace with a volume of 10 m3, with two burners having increased flow 
rate up to 120 kg/h 

- the pneumatic transportation capacity; 
The solid biomass mass concentration in the transportation air was: c = 0,24 kg/m3 and 

c* = 0,19 kg/kg 
- during the tests, the air excess value was: 

 O2 = 1,2 – 6,6% 
  λ = 1,06 – 1,45 

- the carbon monoxide emission was: 
         CO = 20 – 40 ppm 

This value is incontestable lower comparing to the layer burning technology. The NOx 
emission was NOx = 375 – 387 mg/m3. 

 
4. CONCLUSIONS 

 
The burner operating parameters recommends a transportation air flow rate of 25-35 

m/s, for secondary air, about 30 - 35 m/s and for tertiary air, about 30 - 35 m/s 
The designed burner successfully achieved the rated thermal power 620 KW, for a 

solid biomass flow capacity of 80 – 85 kg/h and 4 m3
N/h gas HRG. It is recommended a 

proportion for transportation air of about 35 – 40%. 
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 40 ppm, when 
using suspension burning solid biomass. This aspect offers an advantage to suspension 
burning of solid biomass as also the possibility of higher power archievements. 

Experiments have shown that hydrogen is more effective in reducing CO emissions 
than natural gas or LPG. Considering the economical aspects related to the use of hydrogen, 
can be specified that because of its very low proportions, will not act as a financial inhibitor. 
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