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of solid biomass combustion 
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Abstract: Research regarding hydrogen diffusion (pure or mixed) in the system of biomass is part of 
wider research focusing on using hydrogen as an active medium for solid biomass combustion. the 
researches regard the development of innovative efficient technologies for solid biomass combustion. 
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1. INTRODUCTION 
Research and development of a more sustainable energy economy (sources, 

carriers and storage) is one of the most important tasks in the scientific world. The 
hydrogen economy is considered by many to be a possible approach to satisfy the future 
energy needs [1]. The characteristics of hydrogen (virtually inexhaustible, no harmful 
emissions and various methods for its production) make it a promising option. The 
utilization of hydrogen (pure or mixed) to the biomass combustion has the role to improve 
the combustion conditions and to increases the reaction rate. Furthermore, this fact 
influences the CO, S02 and NOx concentrations [2]. The biomass studied in the paper is: 
sawdust, chopped wood, straw briquette, ropes of wine and cobs corn. 

2. THEORETICAL ANALYSIS 

With all the technological progress of the last period , the 
burning of biomass solid presents still a drawback related to high emissions of CO. In this 
phase of researches the gas is injected directly into the boiler system, in primary air. 
Combustion tests have been realized on the 1 MW (thermal) pilot furnaces belonging to 
the Politehnica University of Bucharest (Figure 1 ). In this case we used a mixture of 
hydrogen, named hydrogen enriched gas (HRG) for making the transition to real 
conditions and lower costs [3]. 

The hydrogen enriched gas (HRG) is produced by an electrolytic system (Figure 2). 
This electrolytic system is a dynamic one, keeping the fluid in a permanent flow and it is 
producing a quasi-stoechiometric gaseous mixture of hydrogen and oxygen. In fact this 
gas consists of a mixture of hydrogen and oxygen molecules, almost respecting the 
stoechiometric water ratio. HRG is a gas with a high degree of reactivity which , by 
adsorption, diffuses into the biomass. Thus, the ignition and combustion rate are improved 
and the pollutant emissions are reduced. HRG is a colorless gas which has a density of 
0.503 kg/m3 , molecular weight 12.3 kg/kmol, auto-ignition temperature 591 - 605 °C and 
flammability limit concentration between 7.3 - 100 % [4]. The free diffusion process 
(equation Legendre) is the basis for HRG/porous biomass combustion technology. 
Maximum capacity of producing HRG is 1500 litters/h . Electricity consumed to produce 
1000 litters of HRG is between 3 - 3.5 kWh. This means approximately 0.4 Euro/1000 
litters. 

HRG injection in porous biomass contributes to reducing the carbon monoxide 
concentration (OH radical having leading role) by reactions: 

CO+OH~C02 +H; H+02 ~0H+O; O+H20~ 2 0H. ( 1) 
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More, injection of HRG reduces the concentration of sulphur dioxide and may by a 
way to reduces nitrogen oxides which is formed from nitrogen of biomass. But this topic is 
another issue [5]. 
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Fig. 1 Scheme of the pilot furnace (1 MWt) 

Fig. 2 Electrolytic system for HRG Fig . 3 HRG injection in primary air of biomass 

The pilot furnace used for experiments (Figure 1) works with pulverized coal. It was 
adapted by fitting a fixed grill (grate surface is 1 .1 m2 and the distance between bars is 4 
mm) and a screw feeder. The researches were conducted in the following order: 1-
sawdust; 2- chopped wood ; 3-straw briquette; 4- ropes of wine; 5- cobs corn. The main 
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energetic characteristics of the studied type of solid biomass (the calorific power Q; , the 

moisture W/ and the ash A' ) are presented in Table 1. 

Table 1 
Th h t . t" e main c arac ens 1cs o l"d b" ft type 0 SO I 1omass 

Parameter 
Biomass type 

Q; (kJ/kg) W/ (%) A' (%) 

1- Sawdust 16,500 14.0 2.5 
2- Chopped wood 17,500 10.5 0.5 
3- Straw briquette 14,700 10.2 4.7 
4- Ropes of wine 13,600 16.1 4.9 
5- Cobs corn 13, 150 8.0 5.0 

3. EXPERIMENTAL TESTS 

During the experiments was kept a thermal power of the boiler of 400 kW, achieved 
by variations of the fuel flow. The interval of fuel flow it was included between 0.022 kg/s 
for fuel no.1 and 0.030 kg/s for fuel no.5 depending on the calorific power. Combustion air 
(excess air ratio, A- =1.6) is introduced under fixed grill through the bars, by the air fan . 
HRG is injected into the primary air pipe (Figure 3). One continuous HORIBA PG 250 flue 
gas analyzer have been installed to take the flue gas samples from the combustion 
chamber (Point A) in order to measure the C02, CO, 0 2, S02 and NO (Figure 4 ). 

Fig. 4 HORIBA PG 250 flue gas analyser 

Tests were performed in two situations: without HRG injections and injections of 
1000 litters of HRG per hour (15 litters/1 kg biomass). The results are shown in Table 2. 
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Table2 
Measurement results (average values) with HRG injections 

Biomass type Parameter 

Efficiency, 17 co S02 NOx 

% concentration concentration concentration 
ppm ppm ppm 

1-Sawdust Without HRG 76 2,556 102 147 

With HRG 78.5 980 68 163 

2- Chopped Without HRG 86.9 890 132 158 
wood With HRG 89.2 158 88 178 
3- Straw Without HRG 63.4 2,370 98 127 
briquette With HRG 67.7 1,710 42 150 
4- Ropes of Without HRG 76.7 2,530 112 117 
wine With HRG 78.6 1,790 64 131 
5- Cobs corn Without HRG 70.5 2,520 88 147 

With HRG 74.8 1,340 59 162 
*at 02 = 7% 

Analyzing the values in Table 2 it can be seen that for biomass infusion with HRG 
the CO concentration is lower by about 60-70% for 15 litters/kg specific ratio 
HRG/biomass. The S02 concentration decreases by 40% and NOx concentration increase 
by 10%. By decreasing the concentration of CO is reduced by 60-90% heat loss with 
unburned carbon and the efficiency increasing by about 1.9-4.3%. It is noted that 
significant emission reductions of CO is for the using of solid fuels wood derivates 
(sawdust and chopped wood), where the results are spectacular. In Figure 5 is shown the 
aspect of the flame in situation without injection and with HRG injection. Order figures 
follow the order of combustion fuels. It observe a decrease in the length of flames in case 
of HRH injection, explicable by increasing the intensity of combustion processes in the 
area of the layer fuel, hydrogen being characterized by a very high speed of combustion. 

2 3 4 5 

a) ''~thout HRG 

b) withHRG 

Fig. 5. The combustion flame for different solid biomass 

Further testing was conducted in an elementary analysis of ash in two mixtures of 
biomass: agricultural biomass (straw, ropes of wine and cobs corn), Table 3 and wood 
biomass (sawdust and chopped wood), Table 4. 

107 



EE&AE'2015 - VP" International Scientific Conference - 11-12.11.2015, Ruse, Bulgaria 

Table3 
Ash elemental anal without HRG in·ections 

Formula K Si Ca Cl Fe Zn Ti Mn Cu 
Conce0~tration 18_65 17.12 5.65 2.31 0.05 0.05 0.05 0.01 

b) with HRG injections 

Formula K Si Ca Cl p M Fe s Al Zn Ti Mn Cu 
Concentration 

6.66 19.14 6.27 0.16 0.81 3.65 1.31 2.88 % 0.03 0.27 0.09 0.01 

Table4. 
Ash elemental anal sis for wood biomass: a without HRG in·ections 

Formula K 
Concentration 5.68 

% 

Formula K Si Ca Cl P 
Concentration 5.98 19.72 6.04 0.15 0.59 

% 

0.16 0.07 0.66 0.03 

b) with HRG injections 

Fe S Al Zn Ti Mn Cu 
5.61 1.26 4.30 0.03 0.36 0.08 0.01 

A very interesting observation is decreasing chlorine content in the case of burning 
agricultural biomass with HRG injections [6]. It also observe, increasing the sulpfur content 
in the case of burning biomass (both types) with HRG injections. This explains the 
decrease of S02 concentration. High content of calcium and potassium leads to use of 
ash in soils fertilization. 

In financial terms is done the following analysis: the price of wood biomass is about 
60 Euro/tone. Increasing the efficiency by 3%, for a thermal power of 200 kW, the fuel 
economy is about 2 kg/h of biomass. Thus, the following analyze results (for 1 kg of 
biomass): 

• HRG production costs (specific ratio 15 litters/kg) ........ .. 0.006 Euro; 
• Benefit from the fuel economy ......... .......................... 0.120 Euro. 
A report nearly 20 times in favor of benefits results. In the economical analysis 

reducing S02 concentration was not considered . It's obvious that for each installation will 
be an optimal specific ratio between HRG flow and the quantity of biomass. 

4. CONCLUSIONS 
Following the assessment made in this paper it can concluded: 
• HRG injection in biomass leads flame temperature increases by about 10 %, CO 

concentration decreases and the combustion efficiency increases by 2-4 %. This 
fact means that the utilization of hydrogen to the biomass combustion improves 
the combustion conditions and increases the reaction rate; 

• HRG injection in biomass infusion leads CO concentration decreases by about 60-
80% for specific ratio 15 litters/kg. The S02 concentration decreases by 40 % and 
NOx concentration increase by 10%. By decreasing the concentration of CO is 
reduced heat loss with unburned carbon, depending of specific ratio; 

• Reducing of heat loss unburned carbon leads to increased efficiency by 2-4 %. If 
the price of wood biomass is about 60 Euro/tone, for a thermal power of 200 kW 
the fuel economy is 2 kg/h of biomass. Results a report nearly 20 times in favor of 
benefits results. It is obvious that for each installation will be an optimal specific 
ratio between HRG flow and the quantity of biomass; 

• Chlorine content decreasing to combustion agricultural biomass with HRG and 
sulphur content increasing to the biomass combustion with HRG. 
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