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Introduction 
 

 Combustion of biomass is one of the main conversion routes. 
 The use of grate-fired systems has been regarded as a popular combustion technology to burn 

woody biomass. 
 High degree of fuel flexibility and can be fueled entirely by raw biomass. 
 Detailed information about distributions of temperature and gas species within the fuel bed 

provides valuable insights into the combustion process. 
 There is a noticeable lack of inside bed measurements in the literature. 
 In this study, characterization of wood combustion in the fuel bed has been carried out. 

 



Furnace description 
 Moving grate boiler with a maximum thermal capacity of 4 MW. 
 A stoker pushes the fuel forward onto a sloping and moving grate.  
 The inclined reciprocating grate consists of 11 movable and equally aligned rows of grate bars. 
 Grate movement is discontinuous, i.e., to move for a few seconds and then rest for a period of time 

(35–70 sec).  
 The primary air is distributed from three wind-boxes into the combustor. 
 The leftover ash falls under the grate in a water bath. 
 Combustible gases leaving the bed upward mix with the secondary air and flue gas. 
 Three conditions were tried, Condition (a) and (b) have almost the same resting time of the grate 

(about 35 sec) but the loads are different, 3.9 MW and 2.4 MW, whereas condition (b) and (c) have 
nearly the same load with different resting time of the grate, 35 sec and 70 sec, respectively.  

 
 



Experimental method and fuel 
 The fuel was a mixture of wood chips, bark and sawdust from sawmill with a moisture content of 

53%, and 37 % volatiles. 
 Inside-bed measurements were carried out through the view-glass and H₁–H₄ ports. 
 The gas samples were extracted from the furnace by means of a stainless steel probe, containing a 

type-k thermocouple. 
 The probe, inserted through H₁–H₄ ports, was  placed at several points within a distance of 0.8 m 

from the side wall (middle of the furnace). 
 The dry gas was sent into two IR-analysis spectrometers. 
 The probe and the filter were cleaned frequently by blowing high-pressure air through them. 
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Temperature profile inside the fuel bed through the glass port 

 High temperatures within a layer of about 0.2 m thick over the grate at most of the positions provides 
clear evidence that combustion takes place close to the grate (about 800 °C ). 

 The maximum bed temperature recorded is located at the height of 0.1 m above the grate, which is 
around 1300 °C. 

 The release of high contained moisture requires so much energy, which reduces the temperature 
significantly within a thin layer above the combustion zone.  

 Once the fuel temperature reaches the saturation value (about 80 °C), the evaporation rate largely 
decreases and it remains nearly constant in a thick layer up to the bed top. 
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Energy Balance 

ΔHa= ma cpa (T1-Tsat)= ΔHvap = mv Δhvap 
 
, Where Δhvap is the latent heat of vaporization and mv is the weight of vaporized water. 
 
Cpa ≈ 1.006 (KJ/kg °C),  
 
Δhvap ≈ 2300 (KJ/kg),  
 
mv / ma = ω (humidity ratio), 
ω=0.622 Pv/ Pa 
 
PV is the partial pressure of moisture and Pa is the partial pressure of the air in the moist air. 
 
Thus: 
 
PV = 98 (1000-T2)/ (2422-T2), 
 
Iterations should be done until PV  is equal to the saturated partial pressure of the vapor at T2. 
 
 
 

T2≈ 75 °C =Tsat 
 
 



Temperature profile inside the bed through ports H1–H4   
 The average temperature at most of the locations is about 80 °C, while higher values can also be observed 

at some locations for which the temperature profiles against time are presented in the right column. 
 The temperature levels are in agreement with the results from the measurements along the bed height. 
 The temperature profiles (consequently gas concentrations) at most of these points versus time depict big 

fluctuations. 
 The burning intensity at the measuring point varies quickly during the measurement time. 
 Less fluctuation in temperature profiles can be observed in case (c) (Fig. 6), where the fuel bed has longer 

resting period on the grate (less movements), compared to case (a) and (b).  
 The position of the sampling probe and correspondingly the thermocouple tip may change, as it is 

displaced by the moving bed, which might cause sharp temperature fluctuations. 
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Oxygen concentration 

             (a)                                               (b)                                                (c) 
           4 MW                                        2 MW                           2 MW, less movements 

 The oxygen profiles at ports H1–H4 depict almost 
zero concentration at most of the positions. 

 Non- zero oxygen concentration can also be observed. 
 Remarkably high values (about 10–18 vol %) at a few 

positions, particularly for case (a), and low values of 
less than 5 vol % at several points. 

 Lack of good sealing between the grate bars is a 
probable reason for such oxygen variations inside the 
fuel bed. 

 The air leaked through the grates, intensifies the 
combustion process locally, and increases the 
temperature in the neighbor fuel. 

 That is why most of the points with high temperatures 
are located close to the side wall. 



CO concentartion 
 CO concentration varies between 10 and 35 vol %, 

with higher values close to the side wall (20–35 vol 
%), compared with the locations close to the center 
(mainly around 15–20 vol %).  

 
 High concentration of CO at ports H1–H3 is 

consistent with the result from oxygen 
measurements. 
 

 It shows that incomplete combustion (i.e., 
pyrolysis and gasification) occurring intensively 
below these ports, due to the lack of available 
oxygen. 
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NO concentration 
 NO is formed from the fuel-bound nitrogen either 

N volatiles (i.e., NH3, HCN, HNCO) or char 
nitrogen. 

 
 NO varies between 10 and 150 ppm in case (a) and 

(b), whereas it goes up to around 300 ppm in case 
(C). 
 

 A longer resting period of the fuel bed on the grate 
in case (c) compared with case (b), with the same 
load, results in an increase in NO formation, due to 
the longer residence time for the NO precursors to 
be oxidized.  
 
              (a)                                               (b)                                                (c) 

        4 MW                                        2 MW                           2 MW, less movements 



Conclusions 

 A two-dimensional combustion pattern inside the fuel bed, estimated based on the temperature 
profiles along the bed height, is shown below. 
 

 This is the probable combustion mode for high-moisture content fuels. 



Pressure Drop 

y = 1.478x - 57.027 
R² = 0.9914 

y = 9.4494x - 248.45 
R² = 0.9971 
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