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ABSTRACT 
 

 The experience and positive results obtained in combustion of solid biomass with hydrogen allowed the 
development of innovative technologies for renewable solid fuels. Two concepts for efficient combustion of 
solid biomass with hydrogen have been developed: combustion in a tunnel burner attached to a low thermal 
power boiler respectively combustion in complex power plants comprising gas-producing, internal combustion 
engine, steam boiler and steam turbine. 

 
1. INTRODUCTION 

 
Experimental researches on solid biomass combustion efficiency with hydrogen intake 

have been conducted in the laboratory of fuels and combustion installations from the 
University Politehnica of Bucharest. The research has been focused on two technologies for 
wood chips combustion (sort 0-30 mm), in compacted form or in stream of air. The first 
technology is an application of fluidized bed combustion, fluidizing taking place only in a 
room located in the furnace, and the second has similarities with the combustion in pulverized 
condition. 

The research focused particularly on the combustion efficiency for the sort 0-30 mm 
wood biomass or willow chips, in order to reduce costs on its additional machining after 
harvest (sort 0-30 mm resulting either once with harvesting or later after harvest). 

The use of hydrogen was evaluated from the point of view of reducing flame length 
and reducing carbon monoxide emissions by experimental research [1]. 

By use of hydrogen to support the combustion of solid biomass has been achieved 
excellent performance, particularly in reducing the emission of carbon monoxide by 30 - 100 
times. CO emissions were below 40 ppm for all cases tested. Burning rate of wood biomass 
minced to 0-30 mm was 17 m/s, a very high value. 
 
 2. INNOVATIVE TECHNOLOGIES FOR EFFICIENT COMBUSTION OF 
SOLID BIOMASS 
 

From the results of experimental research concerning solid biomass combustion in 
hydrogen jet, two innovative technologies have been proposed. 

 
a) The combustion of solid biomass with hydrogen in a tunnel or in a combustion chamber 

located before the furnace of the boiler.  
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This combustion technology, presented in the diagram from figure 1, has applications 
for low thermal power boilers, whose furnace, having small size, does not allow complete 
combustion. The technology refers to wood biomass combustion, including willow chips. 

Such combustion is performed in two stages, the ignition and combustion of fine 
fraction in the tunnel and the completion of combustion in the burner combustion chamber. 
Hydrogen will be admitted into the burner tunnel, where by its high speed combustion will 
catalyze the thermo-gas-dynamic processes. 

 
Figure.1. Boiler with tunnel burner 

 
 For overall efficiency, the combustion will be achieved in a proportion of not less than 
70% in the tunnel burner. It will be maintain the thermal proportion of hydrogen determined 
from the previous program of experimentation of 2.8 to 4.8%.  

These data are for an averaged analysis of wood, close to those imposed by willow 
combustion, according to data from Table 1 [2]. 
  

Table 1 
Proximate analysis 

[% by weight, as received] 
Ultimate analysis 

[% by weight, on dry basis] 
moisture 17 C 47,3 
volatiles 67,1 H 5,66 
fixed carbon 13,6 N 1,4 
ash 2,3 O 42,8 
Heating value [KJ/kg as received] S 0,05 
LHV a.r. (as received) 15400 Cl 0,018 

Elementary analysis [mg/kg on dry basis] 
Al 70 Mg 600 
As 1,3 Mn 11 
B 12 Na 190 
Ca 7700 Ni 25 
Co 0,6 P 860 
Cr 8,2 Si 220 
Cu 7,6 Ti 2,8 
Fe 81 V 0,2 
K 2700 Zn 130 
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With this technology it is estimated that boilers with very low superheated steam flow 

in range of 1.3 to 4.8 t/h will be designed, enabling the development of micro electricity 
production plant of 100-600 kW. Such a micro power plant, possibly in a cogeneration cycle 
will achieve our economic target "energy crop - local use in energy production." This concept 
will shape the size of the renewable fuel culture and will guide the financial efficiency only 
on energy production. 

 
b) Solid biomass combustion in boilers with gas producer thermal support 

Positive results from biomass combustion with hydrogen support can be extended to 
biomass combustion with gas producer support. Energy is thus obtained in a complex power 
plant comprising: 

- Gas-producing or pyrolyzer for solid biomass; 
- Installation for producing mechanical work with gas producer or pyrolysis gas 

comprising an internal combustion engine or gas turbine; 
- Steam boiler firing biomass with producer gas or pyrolysis gas support, 

coupled to a turbine. 
This power plant guides gaseous fuel obtained from solid biomass to two users, one 

direct energy producer and one, user for thermal support to a steam boiler. Figure 2 shows 
schematically the proposed power plant. 

The power plant allows greater heat generation in CHP scheme, with applications 
especially when using gas turbines. 

 

 
Figure 2. Innovative energetic concept for solid biomass energy recovery 
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 3. CONCLUSIONS 
 
 The combustion of solid biomass has not only positive results for majority 
technologies of combustion on grate. The hydrogen support, a gas with high combustion rate, 
theoretically and experimentally has proved to be very beneficial. Starting from this result, 
there are proposed two combustion technologies that consider a minimum processing of solid 
biomass for burning. 

First innovative combustion technology proposed aims to achieve its highest 
proportion before the boiler furnace in order to be implemented to low power installations.
 The second innovative technology proposes achievement of power plants for solid 
biomass combustion, with gasification or pyrolysis in parallel with burning installations both 
for gaseous fuel and solid biomass. 
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