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ABSTRACT  
The paper deals with theoretical basis and experimental tests of mixed hydrogen diffusion 

in the dense system of biomass. Research regarding hydrogen diffusion in the porous system of 
biomass is part of wider research focusing on using hydrogen as an active medium for solid 
biomass combustion. In parallel with hydrogen diffusion in solid biomass, tests regarding biomass 
combustion previously subjected to a hydrogen flux will be carried out.  
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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 [1]. The hydrogen economy is 
considered by many to be a possible approach to satisfy the future energy needs. The 
characteristics of hydrogen (virtually inexhaustible, no harmful emissions and various methods for 
its production) make it a promising option [2]. The utilization of hydrogen (pure or mixed) to the 
biomass combustion [3], [4] has the role to improve the combustion conditions and to increases the 
reaction rate. Furthermore, this fact influences the CO, SO2 and NOx concentrations. The biomass 
studied in the paper, especially, is a porous wood biomass: chopped wood and energy willow, 
Figure 1.     

2. THEORETICAL BASIS  
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 [5], [6]. 
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 % [7]. 
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: 

.2;; 222 OHOHOOOHOHHCOOHCO     (1) 
In these conditions the heat loss with unburned carbon chq decreases and boiler efficiency 

increases. 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 
[8], [9].  
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   Fig. 1 Biomass used in experimental test          Fig. 2 Electrolytic system for HRG              
 

3. EXPERIMENTAL WORK 

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 3). In this case it was used a mixture of hydrogen for 
making the transition to real conditions and lower costs [10]. 

Table 1 Biomass elementary analysis (wet basis)

 Ci Hi Oi Si
c Ni Wi

t Ai LHV
 % % % % % % % MJ/kg 

A)  44.9 
B)  44.1 

5.3 
5.6 

41.82 
31.3 

0.08 
0.0 

0.0 
0.7 

7.8 
   17.1 

0.10 
1.2 

15.92 
16.87 

 
The pilot furnace used for experiments 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. 
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Fig. 3 Scheme of the pilot furnace (1 MWt):
 

 
 

                            Fig. 4 HRG injection in primary air pipe 

The wood biomass (chopped wood and energy willow, only) is it deposited in 
biomass bunker and introduced into furnace, on the grill, by screw feeder. The elementary 
analyses of biomass are presented in Table 1 (A-for chopped wood and B-for energy 
willow). The fuel consumption by pilot is about 60 kg/h and thermal power is between 200-
300 kW. Combustion air (excess air ratio, =1.6) is introduced under fixed grill through the 
bars, by the air fan. HRG is injected into the primary air pipe (Figure 4). One continuous 
HORIBA PG 250 flue gas analyzer (Figure 5) have been installed to take the flue gas 
samples from the combustion chamber (Point A, Figure 3) in order to measure the CO2, 
CO, O2, SO2 and NO. 
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Fig. 5 HORIBA PG 250 flue gas analyser      Fig. 6 Aspect of energy willow flame 
 

The appearance of energy willow [11] flame is shown in Figure 6. Tests were performed for 
chopped wood and energy willow in two situations: injections of 600 litters of HRG per hour (10 
litters/1 kg biomass) and injections of 1200 litters per hour (20 litters/1 kg biomass). The results are 
shown in Table 2. 

Table 2 The measurement results (average values) with HRG injections 

Biomass type Parameter Value
 

Chopped wood with HRG 
(20 litters/1 kg) 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

     0.21 % 
331 ppm 
 96 ppm 
162 ppm 

Chopped wood with HRG 
(10 litters/1 kg) 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

     0.88 % 
1354 ppm 
139 ppm 
155 ppm 

Chopped wood without HRG 
 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

     2.03 % 
3242 ppm 
 162 ppm 
 148 ppm 

Energy willow with HRG 
(20 litters/1 kg) 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

       0.19 % 
   296 ppm 
   102 ppm 

     171 ppm 

Energy willow with HRG 
(10 litters/1 kg) 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

      0.77 % 
   1174 ppm 
    131 ppm 

     160 ppm 

Energy willow without HRG 

Heat loss, qch 
CO concentration* 

SO2 concentration* 
NOx concentration* 

      2.01 % 
  3092 ppm 
   159 ppm 

     149 ppm 
*at O2 = 7% 

 
Analyzing the values in Table 2 it can be seen that for biomass infusion with HRG the CO 

concentration is lower by about 50-60 % for 10 litters/kg specific ratio HRG/biomass and 80-90 % 
for 20 litters/kg. The SO2 concentration decreases by 40 % and NOx concentration increase by 10 
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%. By decreasing the concentration of CO is reduced by 60-90 % heat loss with unburned carbon, 
depending of specific ratio.  

In financial terms is done the following analysis: the price of wood biomass is about 60 
Euro/tone. Reducing of heat loss unburned carbon from 2.03 % to 0.21 % (in the chopped wood 
case) lead to increased efficiency by 1.82 %. For a thermal power of 200 kW the fuel economy is 
1.3 kg of biomass. Thus, the following analyze results (for 1 kg of biomass): 

 HRG production costs (specific ratio 20 litters/kg)……….0.008 Euro; 
 Benefit from the fuel economy………………………….. …0.078 Euro. 

      A report nearly 10 times in favor of benefits results. In the economical analysis reducing SO2 
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: 
 Hydrogen (pure) injection in porous biomass leads flame temperature increases by about 

10 % and CO concentration decreases by about 25-30 %. The heat loss qch decreases by 
15-30 %. 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 50-60% 
for 10 litters/kg specific ratio HRG/biomass and 80-90% for 20 litters/kg. The SO2 
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, depending of specific ratio; 

 Reducing of heat loss unburned carbon from 2.03 % to 0.21 % (in the chopped wood 
case) lead to increased efficiency by 1.82 %. If the price of wood biomass is about 60 
Euro/tone, for a thermal power of 200 kW the fuel economy is 1.3 kg of biomass. Results 
a report nearly 10 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. 
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