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Abstract. The aim of this study is to investigate the DC electric field effect on biomass gasification to provide 

effective control of processes developing at thermal decomposition of pelletized renewable fuels under oxygen 

rich conditions (α ≈ 0.06-0.12) and controllable production of combustible volatiles (CO, H2), which can be used 

as a fuel for energy production. Experimental investigations of the DC electric field effect on the biomass 

thermal decomposition in a batch-size pilot gasifier were carried out using a single electrode configuration and a 

fixed air supply (~0.32 g·s
-1

). The bias voltage of an electrode, which is axially inserted through a biomass layer, 

can be varied from U = 0 to U = +2.4 kV, whereas the current in the space between the electrodes is limited to 

2 mA. The results of complex spectral measurements and analysis of the produced gas composition evidence the 

field-enhanced thermal decomposition of biomass with the field-enhanced production of the axial flow of main 

gasification products CO, H2, CH4 and unsaturated hydrocarbons (C2H2, C2H4, etc.). The field-enhanced 

variations of the composition of the produced gas and heat effects are analyzed considering the field effect on the 

operation conditions of the biomass gasification. 
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Introduction 

The use of fossil fuels for heat and energy production has a relation to global warming due to 

increasing accumulation of carbon dioxide in the Earth's atmosphere. Renewable fuels have lower 

heating values compared to fossil fuel, dissimilar structure and wide-range variations of the moisture 

content and chemical composition that can cause variations of the combustion characteristics. The 

possibility of using waste biomass and agricultural residues in the energy production process is driving 

for further development of the technologies. 

Nowadays, industry already uses a biomass gasification technology in the biogas plants for the 

electricity production. Besides, the use of biomass gasification technologies for energy production 

may lead to problems associated with the release of unsaturated hydrocarbons, which can cause typical 

turbine damage [1]. Methods of biomass pretreatment have been developed, such as torrefaction, 

microwave treatment, etc. that reduce the release of corrosive volatiles at biomass thermal 

decomposition [2; 3]. However, the use of biomass pretreatment technologies raises the raw product 

price. Therefore, the development of new methods to control the biomass decomposition is considered 

as an alternative for cleaner energy production. 

There are studies on alternative combustion control techniques based on the electric field-induced 

“ion-wind effect” in the flame [4; 5]. Experimental investigations of the DC electric field effect on the 

swirling flame formation and combustion of volatiles at high swirl intensity have shown that the field-

enhanced mass transfer of the flame species in the field direction allows controlling the process of 

products’ recirculation, with direct impact on the flame shape and combustion characteristics [5]. If an 

electric field is applied to the gasification zone of biomass pellets, it results in processes related to 

biomass dipole polarization [6], causing different effects, such as constant-current electro-osmotic 

dewatering [7], dielectric RF wood heating [8], and adhesion forces improvement. 

The present investigation is focused on the improvement and control of the gasification 

characteristics at thermochemical conversion of biomass (wood pellets) using the DC electric field 

effects on the biomass gasification under oxygen-rich conditions with the aim to increase the total 

amount of the produced main gasification products (CO, H2, CH4), reduce the by-product 

concentration in the gaseous phase and minimize the endothermic effect of biomass gasification. 

Materials and methods 

In order to investigate the DC electric field effect on the thermal decomposition of biomass 

pellets, an experimental batch-size biomass gasifier has been designed (Fig. 1). The gasifier consists of 

a water-cooled channel (1) and diagnostic sections (4, 5, 6). Discrete doses of biomass (wood) pellets 

with a total mass amount of m = 115 g are placed on a steel mesh at the base of the gasifier. The inner 

diameter of the gasifier is about D = 60 mm and the total height is L = 330 mm. The propane flame 
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flow (2) was used to provide additional heat energy supply through the bottom biomass layer at the 

average rate of heat supply Pprop. = 1-1.3 kW to initiate the endothermic process of biomass thermal 

decomposition. To advance the biomass thermal decomposition, the axial air flow was supplied below 

the biomass layer through the nozzle (3) at the average rate qair = 0.3-0.6 g·s
-1

, producing a fuel-rich 

(α ≈ 0.3-0.6) axial flow of volatiles (7). This pilot device is similar to the industrial upstream gasifier 

with biomass oxidizing, gasification and recombination zones. The electric control of wood biomass 

thermal decomposition was provided using a single electrode configuration (8), with the total height  

L = 245 mm of the electrode, which was positioned axially through the biomass layer. In order to 

prevent the DC electric field effect on the propane flame, the lower part of the electrode (up to 

150 mm) was isolated. An electric field was applied between the positively biased electrode and the 

grounded channel walls. The voltage U of the axially inserted electrode relative to the channel walls 

could be varied from +0.6 to +2.4 kV, whereas the ion current in these experiments was limited to  

I = 2 mA. 

 

Fig. 1. Principal schematic and digital photo of the biomass gasifier: 1 – water-cooled channel;  

2 – propane flame flow; 3 – air supply; 4, 5, 6 – diagnostics sections;  

7 – axial flow of volatiles; 8 – electrode 

The experimental study of the DC electric field effect on biomass gasification combines complex 

measurements of temperature, composition and gasification heat power, and data analysis. The 

propane flame and gasification product flow temperature was measured by a Pt/Pt-Rh thermocouple. 

An infrared FTIR spectrometer Varian 640-IR and a gas analyzer Testo 350XL (CO, H2 and NOx) 

were used to control the gas composition at biomass gasification. The infrared spectrum absorption 

intensities of the produced gas were measured for band absorption of components: CO (2169 cm
-1

), 

CH4 (3017 cm
-1

), C2H2 (729 cm
-1

), C2H4 (949 cm
-1

) and C = O (1733 cm
-1

). The gasification heat 

effect was analyzed from calorimetric measurements of the cooling water flow with online data 

registration using the PC-20 TR plate. The average variations of the gas composition were measured 

using of 3 reiterations. 

Results and discussion 

The process of biomass thermo-chemical conversion develops with the subsequent endothermic 

processes of biomass heating, drying, and thermal decomposition. The process of biomass thermal 

decomposition is determined by the biomass chemical composition and includes the thermal 

decomposition of hemicelluloses, cellulose and lignin. The complex measurements of the absorbance 

of the produced volatiles at biomass thermal decomposition and of the temperature of volatiles at 

different air supply rates and constant additional heat supply rate (Pprop. = 1 kW) revealed that, when 

the electric field was not applied (I = 0), the most intensive and stable process of biomass thermal 

decomposition developed at the air supply rate qair = 0.3 g·s
-1

 (α = 0.3), when the most intensive 

increase of the absorbance of volatiles (CO, C2H2, C2H4, CH4) was observed at a certain wave number 
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υ, cm
-1 

(Aυ) indicating their concentration increase in the produced gas mixture (Fig. 2-a). As follows 

from Fig. 2-b, the process of biomass thermal decomposition under such conditions develops at a 

nearly constant temperature above the biomass layer. 
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Fig. 2. Composition of the axial flow of volatiles vs. the air supply rate (a), and the  

time-dependent variation of the temperature difference between the outlet flow of volatiles and 

inlet air vs. the varying air supply rate (b) 

Increasing the additional heat energy supply into the biomass layer to 1.3 kW, with the air supply 

rate into the biomass being constant (0.3 g·s
-1

), results in a decrease of the absorbance of CO, C2H2, 

C2H4 and thus their concentration in the produced mixture (Fig. 3-a). This leads to a correlating 

increase of heat power at the thermochemical conversion of volatiles and of the average temperature 

difference under and above the biomass layer (Fig. 3-b), indicating a transition from the endothermic 

processes of biomass thermal decomposition to a regime, when the exothermic processes of 

thermochemical conversion of volatiles develop (Fig. 3-a). Note that a heat power peak value was 

observed at 1.2 kW (Fig. 3-b) and it started to decrease with the higher values of the additional heat 

energy supply, when the enhanced development of the endothermic processes of biomass thermal 

decomposition at the constant air supply rate led to an intensive heat energy consumption from the 

biomass gasification zone so decreasing the released heat power at biomass thermochemical 

conversion (Fig. 3-a, b). 
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Fig. 3. Effect of additional heat energy supply into biomass on average values of heat power 

released at biomass gasification and on the temperature difference average value (Tout - Tin) (a), 

and concentration of volatiles represented in relative absorbance unions (b) 

The enhanced transition from the thermal decomposition dominant regime to a regime, when the 

thermochemical conversion of volatiles dominates, was confirmed by the time-dependent 

measurements of the temperature difference between the inlet and outlet flows and of the absorbance 

of volatiles (Fig. 4-a, b). As follows from Fig. 4-a, b, increasing the additional heat supply into 

biomass promotes a faster thermochemical conversion of C2H2 with a correlating decrease of the 

absorbance of harmful acetylene (Fig. 4-b). 

The mechanism of biomass thermal decomposition is still argued and supplemented as new 

information arrives. Yet, it is found that the primary endothermic processes of biomass heating and 

drying take place in the temperature range T = 300-420 K and, as observed at the biomass thermal 
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decomposition, these processes last up to 100 s. Figures 5-a, b show that with no electric field applied 

(I = 0), the processes of biomass heating and drying result in moisture release correlating with a slight 

decrease of the inlet air temperature and a sharp decrease of the outlet gas temperature. The next 

endothermic stage of the biomass thermal decomposition without electric field (I = 0) resulted in an 

outlet gas temperature decrease to ~400 K. 
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Fig. 4. Effect of additional heat energy supply on the time-dependent variation of the 

temperature difference between the outlet and inlet flows (a) and on the absorbance of C2H2 (b) 

 Additionally, a correlating sharp peak of the C2H2 and C2H4 absorption in the outlet gas at ~200 s 

(Fig. 6-a) were observed with a large increase of the CO and CH4 absorption (Fig. 6-b, c). The 

formation of volatiles at this stage of biomass thermal decomposition cannot be attributed to the 

decomposition of one specific wood component (hemicelluloses, cellulose, or lignin) due to the 

relatively high temperature of the inlet air flow (~830-870 K), because a simultaneous thermal 

decomposition of these components could occur. The exothermic process of thermal decomposition of 

hemicelluloses, developing in the temperature range T = 490-600 K, could be the main source of C2H2 

and C2H4 release due to the irregular branched chemical structure of hemicelluloses, whereas the 

evolution of the endothermic process of cellulose thermal decomposition (T = 580-650 K) with a 

pronounced heat energy absorption due to depolymerization processes could be responsible for the 

sharp decrease of the outlet temperature at t > 450 s (Fig. 5-b), which correlates with the increase of 

the CO absorption intensity at 500 s. Note that the time-dependent variation of the H2 concentration 

shows a similar increase up to the maximum value, which was observed at t ≈ 200 s and t ≈ 500 s. The 

thermal decomposition of lignin occurs in the temperature range T = 520-800 K, producing CH4, the 

formation of which is a result of the thermal instability of the methoxy functional group. 

845

855

865

875

50 380 710 1040
time, s

T
in

, 
K

I=0 mA I=0.5 mA
I=1.0 mA I=2.0 mA

a

300

540

780

50 380 710 1040
time, s

T
o
u

t,
 K

I=0 mA I=0.5 mA
I=1.0 mA I=2.0 mA

b

 

Fig. 5. Electric field effect on the time-dependent variation of the inlet (a) and outlet (b) gas 

temperature at thermal decomposition of wood pellets 

If the electric field is applied to the biomass gasification zone, the field-induced current in the 

space between the electrodes testifies the influence on the time-dependent variation of the temperature 

and absorbance of the produced volatile compounds. The time-dependence of the inlet hot air flow 

temperature demonstrates a slight increase in temperature at the primary stage of biomass thermal 

decomposition (t < 350 s) along with field-induced stabilization of the inlet air temperature after  

t > 350 s (Fig. 5-a). The time-dependent variation of the outlet gas temperature testifies the electric 

field effect on the biomass thermal decomposition, i.e., the DC electric field influence delays the 
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primary endothermic effect with the enhanced biomass thermal decomposition and intensive heat 

energy consumption (Fig. 5-b), which is confirmed by the averages of the heat power released during 

the thermal decomposition of biomass pellets (t = 50-600 s) (Fig. 7-a). The most pronounced electric 

field-induced variation of the outlet gas temperature with the correlating increase in absorption peak 

values of C2H2, C2H4, CH4 and in H2 concentration in the flow of volatiles were observed at 

I = 1.0 mA (Fig. 6). The field-induced variation of the CO2 absorption intensity confirms a more 

intensive hemicellulose thermal decarboxylation with a sharper increase in value during the first stage 

of biomass decomposition, when the correlating increase of the inlet air flow temperature was 

observed (Fig. 5-a). The field-induced increase of the nitric oxide (NOx) average concentration is 

obvious (Fig. 6-d) because of the overall electric field-enhanced thermal decomposition with the 

enhanced release of fuel-bound nitrogen, which is proved by the composition averages (Fig. 7-b) 

correlating with the increase in the heat energy consumption (Fig. 7-a). The DC current increment 

between the electrodes is followed by a small growth of the average air temperature at the inlet 

(Fig. 7-a) due to the field-induced temperature increase and process stabilization at the primary stage 

of biomass thermal decomposition (t < 350 s) (Fig. 5-a, b). Moreover, the decrease of the average 

value of the outlet gas temperature by increasing the DC electric field-induced current in the biomass 

correlates with the boost of the general biomass gasification product absorption averages within  

50-600 s (Fig. 7-a, b). 
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Fig. 6. Electric field-induced current effect on the formation of volatiles (a-c) and NOX (d) at 

biomass thermal decomposition 

In fact, the main mechanism of the field-induced current effect on biomass gasification is not still 

clear. However, the field-induced variations of the biomass temperature and composition allow to 

suggest that the electric field disturbs the balance between the endothermic and exothermic processes 

at biomass thermal decomposition. The overall DC electric field effect on biomass thermal 

decomposition could be attributed to overlapping of both field-enchanced effects: the field-induced 

“ion-wind” that enchances the temperature field homogenization in the biomass layer and the electric 

field-induced biomass interfacial polarisation assumed to force the electric field-induced mass transfer 

of O2
- towards the positively polarized surfaces of biomass pellets, thus increasing the oxygen 

concentration close to the surface of pellets. This can lead to enhanced decarboxylisation of 

hemicellulose and to decarbonylation of cellulose. In order to reveal the mechanism of the electric 
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field-induced variation on the biomass thermal decomposition, more detailed studies should be 

provided. 
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Fig. 7. Biomass thermal decomposition inlet/outlet flow temperature, produced heat power 

average values (a) and gasification product absorption intensity average values within 100-600 s 

with reference to the electric field current 

Conclusions 

1. Biomass thermal decomposition is a complex process the endothermic effect of which can be 

controlled by varying the air and heat energy supply into biomass. 

2. The electric field-induced effect on biomass thermal decomposition improves the temperature 

homogenization; boosts the release of the main gasification product (CO by ~11-30 %, CH4 by 

~13-25 %) and enhances the heat energy consumption by ~4-21 %. 

3. The mechanism of the DC electric field-induced variation of biomass thermal decomposition is 

suggested as ovelapping of the field-induced “ion-wind” effect that enchances temperature 

homogenization and stabilization and of the field-induced interfacial polarisation of biomass 

pellets due to the field-induced mass transfer of negative oxygen ions towards the polarized 

surface of biomass pellets, thus icreasing the oxygen concentration close to the solid interface, 

which might result in field-induced decarboxylisation of hemicellulose and decarbonylation of 

cellulose. 
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