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ABSTRACT: Tar removal in fuel gas using plasma techniques is investigated as an alternative approach to catalytic tar 
removal. Two methods are compared, the GlidArc reactor and a non-thermal plasma reactor-pulsed corona reactor. 
Experimental results in laboratory as well as field conditions are presented. Experiments with GlidArc indicated that the 
energy densities in the range of 500~1500 J/L are required for 25-40% tar removal. However, on-site tests with pulsed corona 
indicate energy densities of 150~160 J/L for 27-40 % tar removal. The paper also includes future research objectives towards 
reducing energy density. 
Keywords: tar removal, fuel gas, advanced conversion systems, plasma reactors 

 
 
1 INTRODUCTION 
 
 Biomass gasification produces along with 
combustible gases (CO, H2) also heavy hydrocarbons 
(commonly referred to as “Tars”). Generally, two kinds 
of problems are caused by tar in the producer gas. The 
first problem is the fouling of process units and piping 
due to tar condensation. The second problem is the 
pollution of water by water-soluble tars like phenol, 
cresol, and pyridine. The wide range of chemical 
composition of tar (phenols, N-containing hydrocarbons, 
aromatic compounds, compounds with high and low 
molecular mass) makes it difficult to achieve gas quality 
requirements for the tar concentration. In most cases the 
gas quality needs to meet stringent requirements that 
range between 10 and 100 mg/mn

3 tar.  
To satisfy these requirements, various options for gas 
cleaning exists; catalytic, thermal and in-situ approaches. 
Broadly these can be classified as 
a) Primary processes 

Focusing on the design of gasifier, to limit tar 
production 

b) Secondary approaches 
To tackle the problem outside the gasifier, either by 
thermal cracking or filtration or catalytic cracking 

The approach by the use of plasma can be categorized as 
a secondary approach to tar removal. We present our 
experimental results on tar removal using two different 
plasma systems: 
a) Pulsed corona reactor 
b) GlidArc reactor 
The pulsed corona reactor can be termed as a non-
thermal plasma1 reactor, where high-energy electrons 
(1~10eV) produced by the corona discharge, can lead to 
dissociation of molecules thereby creating reactive 
species/radicals, which can carry out tar removal process. 
Whereas, in a GlidArc reactor, depending on the 
operating regime, simultaneous existence of a thermal as 
well as a non-thermal plasma is possible, in which lower 
energy electrons are produced (~ 1eV). At the moment, 
the initial costs for pulsed corona system may be higher 
than a GlidArc reactor (which needs a simple AC power 
source), because of the complex power supplies 
associated with it. But it is expected, with the availability 
of large scale pulsed power devices in the near future[1], 

                                                                 
1 Electron temperature >> Bulk Gas Temperature 

the costs can decrease along with higher operational life 
times. 
This paper focuses on experimental results both in lab 
scale with “model” tar compounds as well as on 
laboratory or pilot scale, downstream a biomass gasifier. 
The attempt is to present this approach as an alternative 
to catalytic systems where the problems are associated 
with life time of catalysts and long time reliability in 
terms of its operation. 
 
 
2 EXPERIMENTAL SET-UP 
 
2.1 Pulsed Corona System 
 The experimental set-up (Fig.1) consists of a pulsed 
power supply, the characteristics are mentioned in table1   
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Fig.1 Experimental set-up 
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and a wire-cylinder type corona reactor. The reactor is 25 
cm dia. & 3m in length. This is part of a closed loop 
circulation system driven by a fan with variable 
speedadjustment. The internal flow rate used for the 
measurement is 240 Nm3/hr and the effective volume of 
the system is 300 liters. The system can handle a.                                      
Table 1. Status of Pulsed Power Source            

Now Near Future 
40..100 kV - 
20ns rise time, 100 ns pulse 
width 

- 

50..80 MW peak power 300..400 MW peak power 
1..12 J/pulse, 5 kWavg  30 J/pulse, 30 kWavg 
1000 pulses per second - 
80% efficiency (from mains 
to corona) 

- 

maximum operating temperature of 250 oC. Tar injection 
is done by means of an evaporator. A weighed amount of 
the component can be added and vaporized into the 
flowing gas stream. The entire set-up is heated by means 
of heating tapes with adequate temperature control. The 
gas temperature is measured at a point just at the entry of 
the reactor. To ensure uniform gas temperature through 
out the set-up, sufficient time (60 min) is devoted to attain 
a steady state. Additionally, thermocouples are installed at 
various points, with measurement and control loops. The 
corona voltage, current and repetition-rate are monitored 
on a HP-Infinium digital oscilloscope. From the voltage 
and current, both the power-per-pulse and the energy- 
per-pulse can be determined. Tar component 
measurements are done by both, FTIR and a GC 
(HP5890). The GC is equipped with a FID and a 
Chrompack CP-Sil 5 CB fused silica WCOT (Wall 
Coated Open Tubular) column for measurement of heavy 
hydrocarbons (commonly ‘Tar’). The system is filled with 
a synthetic fuel gas of composition 20 % CO, 12 % CO2, 
17 % H2, 1 % CH4, rest N2 and heated up to 200 oC, at a 
pressure of 1 bar. After allowing sufficient time to attain 
steady state, (to ensure uniform temperature distribution) 
tar (naphthalene, toluene and phenol) is vaporized into the 
gas stream and again allowing for the system to attain 
uniform concentration.  
This can be monitored by the FTIR spectrum. Pulsed    
corona discharges are then run for a particular time  

interval (typically 30~60 secs. at 50 pulses per seconds,  
with a energy of 1 J/Pulse). After every run, both GC and  
the FTIR analysis are performed to determine the tar 
component removed.  Experiments are then carried out for 
various energy densities. 
 
2.2 GlidArc System 
 Conventional Gliding discharges are produced 
between two horn shaped electrodes placed in a relatively 
fast gas flow in the direction of the flow. They start at the 
spot where the distance between the electrodes is the 
shortest, and spread by gliding progressively along the 
electrodes in the direction of flow until they disappear by 
themselves after a certain path. Fig. 2 gives a 
schematically presentation of this process [2].  
In the gliding discharge, energetic electrons are 
produced, which results in species like ions, secondary 
electrons, UV radiation, radicals, excited molecules and 
molecules with attached electrons. This reactive medium, 
the plasma, is in this project used for the conversion of 
tar from biomass fuel gases.  
The GlidArc reactor was tested as a tar removal device 
downstream the 1 kg/h biomass gasifier at ECN (WOB, 
http://www.ecn.nl/biomass/wob/index.html). The 
experimental set-up is given in Fig. 3 and consists of  
1. A bubbling fluidized bed gasifier for the gasification 

of biomass with air at 825°C. 
2. A cyclone for the separation of particles from the 

gas 
3. A dust filter for the further removal of dust 
4.  A GlidArc reactor for tar conversion  
 
The fuel gas cools down from 800°C to 350°C between 
the gasifier and the GlidArc reactor. In order to heat the 
gas from 350°C to the desired reactor temperature, a pre-
heater was installed before the GlidArc reactor. 
The gas analysis is performed at the entrance of the pre-
heater and at the outlet of the GlidArc reactor. The gas 
analysis consists of: (1) Tar measurements with the SPA 
(Solid Phase Adsorption) method [3], and (2) 
measurements of CO, CO2, CH4, H2, C2H4, C2H6, 
benzene and toluene with gas monitors and/or Micro 
GC’s. 
 

 

 
 
 Fig 2  Start, life, and disappearance of the GlidArc discharges. Gas flow from the  bottom (injection point) to the top [2] 
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3. RESULTS 
 
3.1 Corona reactor 
 Results for tar component (Naphthalene and Phenol) 
removal in N2 as well as in fuel gas are shown in 
Fig.4&5. ( T=200 deg C)  

The energy density in Figure 4 and 5 is the electric 
energy that has been dissipated in 1 mn

3 of producer gas. 
To obtain the energy consumption of the reactor, a 
correction should be made for the efficiency (from the 
Grid to plasma) of the power supply. 
To investigate the reliability of the complete system, field 
tests were also carried out, where the system was actually 
coupled to a downdraft gasifier (Fig.6). Tests[4] were 
carried out on a wood gasifier, which is designed to 
produce a 100 kW output. The experimental conditions 
chosen were 200 deg C, atmospheric pressure and the 
pulse source was designed to produce output energy of 1 
J/pulse. The energy density used for the process varied 
from 150-160 J/L. Analysis of the output and input 
stream of the reactor was done by the BTG World Bank 
method, which classifies tars into heavy and light tars. 
Results (in table 2) indicated that gas conditioning  

Table 2 Tar removal results , Almelo (1999) 
Tars Inlet  

mg/Nm3 
Outlet 

mg/Nm3 
Conversion 

(%) 
Energy 
Density  

(J/L) 
Total 717 434 39 148 
Heavy 603 232 62  
Light 114 202 -77  
Total 1928 1400 27 161 
Heavy 1263 404 68  
Light 665 996 -50  

resulted into conversion of heavy tars into lighter tar 
material. This is also a favorable situation since the 
problem for gas engines is the condensation of the heavy 
tars, which can cause fouling. Converting these into 
lighter compounds (essentially means to reduce the 
aromatic content, lower boiling points) allows utilizing 
the enthalpy associated with the tar materials. 
 
3.2 GlidArc reactor 
       During the experiments, the temperature of the 
GlidArc reactor has been varied between 400 and 800°C. 
The applied energy densities has been varied between 0 
and 1900 kJe/mn

3. The following results were obtained: 
1. The tar conversion increases slightly with increasing 

energy density.  
2. The tar conversion increases continuously with 

increasing reactor temperature.  
Despite the increasing conversion rate of tar with 
increasing reactor temperature, the degree of tar 
conversion was at most 40% (at 800°C and 1600 J/L), 
which is much lower than the desired (complete) 
conversion. Beside the conversion of tar, also an 
undesirable conversion of other hydrocarbons like CH4 
and C2H4 or C2H6 was observed. The degree of tar 
conversion was even similar to the degree of conversion 
for the other CxHy compounds. 
It can be concluded that the GlidArc reactor is technically 
not feasible2, because it did not reach it’s stated 
objective: complete tar conversion at reasonable 
electricity consumption. Since tar cannot sufficiently be 
removed at high energy densities, the GlidArc reactor is 
also economically not attractive. There are three plausible 
explanations for the low tar conversion with the GlidArc 
reactor: 

                                                                 
2 an electricity consumption of circa 5-15% from the total 
electricity produced in the gasification process is stated to 
be reasonable (100-300 J/L). 

Fig 3:Experimental set-up and place of gas analysis- Glid 
Arc Reactor 
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Fig. 4. Tar removal in N2 
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Fig. 5 Tar removal in fuel gas 

Fig.6 Flow diagram for Pilot scale tests 

“PCTAC”  - Pulsed corona tar Cracker 
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1. the energy level of the electrons in the cold part of 
the plasma, in which about 80% [5] of the energy 
was dissipated, is too low to cause an effective 
plasma for tar removal. 

2. as other hydrocarbons (HC), present in the fuel gas, 
are also converted, the high tar plus HC 
concentrations demand for higher energy densities 
than those used, 

3. the positive influence of an increasing reactor 
temperature on tar decomposition is much lower 
than expected. 

Since the plasma characteristics of a GlidArc plasma are 
different from a corona plasma, the results obtained with 
the GlidArc are not representative for the corona plasma. 
 
 
4. MECHANISM 
 

Results in fuel gas can be well explained [7] by an 
exponential relation: 

Where [X]/[X]0 =  Remaining fraction 
            E            =  Energy Density (J/L) 
            β            = Specific Energy Density (J/L)  
The global corona plasma kinetic model as given in [1], 
shows that exponential behaviour is mainly due to linear 
termination reactions. Apparently linear termination 
reactions play an important role in fuel gas and a variety 
of mechanism can be expected:  
a) Radical production 

e  + N2 → e + N + N (1) 
e + H2 → e + H + H (2) 
e + CO2 → e + CO + O (3) 
e + H2O → e + H + OH (4) 

b) Radical Quenching  
OH + CO → CO2 + H (7) 
OH + H2 → H2O + H (8) 

O  + H2 → OH + H (9) 
O + CO + M → CO2 + M (10) 
H + OH + N2 → H2O + N2 (11) 

c) Radical Utilization 
OH + Naphthalene → Products (12) 

O + Naphthalene → Products (13) 
H + Naphthalene → Products (14) 

 Thus the aim should be optimize the reaction conditions 
such that terminations can be minimized and thereby 
promote tar removal process. Various options will be 
investigated, such as effect of temperature, where 
cracking reactions can dominate the process and other 
possible alternatives. 
Whereas the same can be true for a GlidArc process, the 
radical density in such a system will be less, because of 
lower electron energy levels. This probably explains 
high-energy requirement, and thereby ineffectiveness of 
GlidArc systems. But it should be noted that, such a 
system has been successfully applied in the area of bulk 
processing, such as CO2 reforming of methane, where 
high energy throughputs are needed[6].  
 
 
 

5. CONCLUSIONS 
 
 The work aims at investigating plasma systems as an 
alternative to catalytic tar cracking as well as thermal 
cracking options. Laboratorium scale and pilot scale test 
results demonstrate plasma reactors to be useful for tar 
removal. Out of the two plasma systems tested, pulsed 
corona processing seems to be more favourable than 
GlidArc systems. However from an economical 
perspective two limitations exist: 
1) Cost of the pulsed power supplies: 

Significant improvements should be made for long 
term operation as well as reducing the cost of the 
power supply. 

2) Energy density requirement for the process: 
Further research should be focussed on ways to 
increase the energy efficiency of the process,  

a) Investigation of the chemical mechanism[7]    
b) Operation at increased temperature 
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