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ABSTRACT

This article analyzes the gasification process of peat mass for the large-scale devices
and it discusses consequent utilization of the synthesis gas in terms of recovering en-
ergy of this gas in a cogeneration unit. The experiment was realized in 80 kVA plasma
reactor with dependent plasma arc. The nitrogen was used as inert gas to a plasma arc
created. The main aim of these experiments was the generation energy efficiently, re-
ducing the time required to destroy molecules of the treated waste, the elimination of
emissions and streamline of the degradation process Compared to the conventional
methods of thermal processing.

1. Introduction
Currently, the development of energy from renewable energy sources is extremely
important [1]. Need of production of clean and efficient energy directed the inter-



est of research and development centers in the
area of plasma gasification technology. Attempts
at the practical usage of plasma technology in the
field of energy recovery of various materials were
made on the ground of research workplaces. The
primary purpose of these experiments was to gen-
erate energy efficiently, reduction of the time re-
quired for the destruction of the molecules of the
treated waste, elimination of emissions and mak-
ing the process of decomposition more effective
in comparison with conventional methods of ther-
mal processing. The major progressions in the field
of gasification of selected types of materials were
reached by the countries listed in Table 1.
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Promising ways of processing of organic substanc-
es in the combustible gases to generate heat and
electricity are the methods of high temperature
gasification. The raw material for gasification can
be wood, peat, agricultural residues, as well as coal,
whose reserves are great. Moreover, the methods
of gasification of wood residues, peat, and coal are
similar.

Peat, secondary energy resources are of consid-
erable interest for energy in countries such as Rus-
sia, Belorussia, Finland, Poland, USA and so on. In
Finland there are several operating district heating
stations based on the updraft gasification of sod
peat or wood waste.

Table 1: Overview of countries with dominant position in the plasma gasification depending on the type of gasified input material .

Biomass Wood Peat Black liqour Municipal Agricultural Sludge
waste waste
USA USA Finland USA USA USA USA
Japan Japan USA Sweden Japan Greece Japan
China Finland Turkey
Spain
2. Properties of peat

Peat is partially petrified (fossilized) plant sub-
stance, usually of dark brown colour. It is gener-
ated in insufficiently oxygenated wetlands where
the speed of accumulation of plants into struc-
tures of wetland is faster than decomposition
processes. It is a complex material, a mixture of
organic materials consisting of two dominant
components, of lignite and cellulose. The proper-
ties of peat affect the factors of environment and
dominant conditions in individual peat deposits.

The interaction of these conditions decides the
type of peat bog. Representation of the chemi-
cal elements concentrated in peat (Ba, Ca, Cd, Co,
Cr, Fe, La, Mn, Ni, Ti, Zn, Al, Be, Cu, Pb, Mg, Na) is
variable in dependence on the depth of the peat
placement layer. Generally, it can be stated that
this is a highly porous material with a low den-
sity of about 200 kg-m?. It is used e.g. to remove
pollutants from wastewater without further pre-
treatment or for energy purposes. The sorption
ability of peat can be adversely affected by char-
acteristics, such as low mechanical strength, high
affinity of peat with water, poor chemical stability
or the tendency of decrease and increase of vol-
ume.

Fig. 1: The cell structure of peat.

The interaction of these conditions decides the
type of peat bog. Representation of the chemi-
cal elements concentrated in peat (Ba, Ca, Cd, Co,
Cr, Fe, La, Mn, Ni, Ti, Zn, Al, Be, Cu, Pb, Mg, Na) is
variable in dependence on the depth of the peat
placement layer. Generally, it can be stated that
this is a highly porous material with a low density
of about 200 kg-m-3. It is used e.g. to remove pol-
lutants from wastewater without further pretreat-
ment or for energy purposes. The sorption ability
of peat can be adversely affected by characteris-
tics, such as low mechanical strength, high affin-
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ity of peat with water, poor chemical stability or
the tendency of decrease and increase of volume.
The percentage representation of organic sub-
stances in dry mass represents the value over 50 %.
Countries with rich supplies of peat bogs (Finland,
Russia, USA) use this source of fossil fuel in energy
industry to produce electricity and heat by com-
bustion. Molecular structure of lignite, cellulose
and cell structure itself are shown in Fig. 1 and Fig.
2 [3].
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Fig. 2: Molecular structure of lignite and cellulose [3].

Based on the species representation of atoms in
the molecular structure, it can be assumed posi-
tive development of combustible gaseous com-
ponents generation (H,, CO) in the synthesis gas
[10, 11]. Moisture contained in the fuel charge at
gasification of peat can greatly contribute to the
favourable ratio of C/O in the reaction chamber of
plasma reactor.

On the other hand, the excess of oxygen may
give rise to charcoal. The gasification test of wood
(structure similar to peat) carried out at the Tech-
nical University of Kosice - Department of Power
Engineering can be given as an example.

3. Charakteristics of plasma devices

Experimental gasification of peat was done in
80 kVA DC plasma reactor with dependent elec-
tric arc with a hot empty graphite electrode which
is shown in Fig. 3. The charge of the processed
waste was ensured through the charging device
(snail conveyor belt) with possibility of continu-
ous charging of waste of grain size < 5 mm. The
gasification process was conducted in a reduction
vacuum atmosphere, 0.05 to 0.1 kPa [2]. The plas-
ma arc is generated between an empty graphite
electrode placed centrally in the arch of the plas-
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ma reactor (cathode) and graphite crucible which
forms the bottom of the reactor (anode). The pro-
duced synthesis gas is drained through drain hole
of syngas, built in the arch of the reactor towards to
the cyclone which makes the first stage of synthe-
sis gas cleaning circuit. Tapping hole is placed in a
graphite crucible near the bottom of the plasma
reactor. The reactor envelope is cooled by air with
the exception of the arch [4, 5, 6].

Fig. 3: 3D scheme of 80 kVA plasma reactor.

The transfer of inert or another type of gas into
the plasma state is accompanied by various pro-
cesses of interaction between particular particles
of gas. These processes are mainly characterized
by the interactions of - particle collisions or inter-
actions of particles with radiation and lead to an
increase of internal energy. Transformation of gas-
eous medium into the plasma state in a plasma
burner is accompanied by processes of excitation,
dissociation and ionization whereas high energy
flux in the form of thermal energy is produced. Due
to the high heat flux emitted from the plasma arc,
destruction of the processed material, generation
of simple gaseous components and minimization
of output solid components from the process are
given rise. Basic mechanisms of heat transfer con-
cerned with the heating and melting of particles in
a plasma gasification when a particle is in contact



with the plasma arc are presented schematically
in Fig. 4. Energy contributing to the heating and
melting of particles (Qn) can be expresses as the
difference between the energy transfer by conduc-
tion and convection from plasma to particles and
radiation energy [6, 9] emitted from the surface
into the surroundings.

Plasma (Tx)

Conduction
Convection

mechon __—
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Fig. 4: Simplified mechanisms of heat transfer concerned with the

Radiation

heating and melting of particles.

0. =kS(T.—T) —0.eS(T; = T.) (W)(1)

where: k the heat transfer coefficient of plasma par-
ticle (W-m2K"), § - surface area of particle (m?), T_
temperature of plasma (K), T, - temperature of the
particle surface (K), T, temperature of the reactor’s
wall (K), o - Stephan-Boltzmann constant (W-m=2-K*),
€ - emissivity of particles (-).

Equation (1) represents simplified description of
the mechanisms of heat transfer taking place in the
early stages of decomposition process. In the further
stages, the change of mechanisms of heat transfer
is caused by formation of a gaseous curtain around
the particle due to surface evaporation which will
limit the heat transfer [7, 8].

4, Experimental measurement

Measurements in accordance with standards BS
EN 14774-2 for determination of moisture content
in the fuel were carried out before the gasification
process. The results showed that the moisture con-
tent in the analyzed type of peat in area of 15 vol. %
(Table 2).

The analyzed type of peat (origin Belarus) in the
original condition showed grain size from 5 to 150
mm. Coarse-grained structure of the original sam-
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ple did not meet the parameters corresponding to
the technical requirements of the charging device,
so the fuel charge was adjusted by manual crushing
to the grain size 0-5 mm. Viewpoint at the samples
analyzed before and after reduction are shown in
Fig. 5.

Fig. 5: Sample of peat in the original state and after crushing.

Total time of charging was 170 minutes at con-
sumption of 14.5 kg of inlet peat. Amount of gen-
erated syngas during the gasification process cor-
responded to volume 30 to 35 Nm?3h™ at steady
sample charging of 5.12 kg-h™".

Volume percentage of the three most dominant
components of generating syngas in dependence
on time is shown in Fig. 6

Synthesis gas (a mixture of gases produced in the
process of decomposition of the sample + the ni-
trogen used in the plasma burner) leaving the reac-
tion zone of the plasma reactor went through the
phases of cooling, cleaning, neutralization, and then
it was burnt altogether with natural gas in cogen-
eration unit with microturbine. The average lower

Table 2: Overview of countries with dominant position in the plasma gasification depending on the type of gasified input material .

Identifications of the sample Weight before drying Weight after drying Temperature of drying  Humidity (Vol. %)
(9) (9) (0

RB-1* 6,446 5,500 105+ 2 14,676

RB-2* 3318 2,800 105+£2 15,612

*RB-1, RB - 2 - specifications of the analysed peat sample.
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calorific value of the produced gas was set to 3.0 to
3.5 MJ:Nm? which corresponds to the energy value
from 0.8 to 1.0 kW-Nm? at the given conditions. Solid
residues leaving the gasification process in the form
of slag and entrained dust captured in the cyclone
separator did not undergo the detailed analysis.

— H, (Vol.%)

— CO (Vol. %)
€O, (Vol. o) Start of dosage

12,00
l End of dosage
8,00 l

0,00
103458 11:0818 11:41:38 1214:58 124818 13:21:38 13:54:58 142818 150138 15:34:58 16:08:18

Time (h)

Vol. % of syngas components (h)

Fig. 6: Development of selected components of synthesis gas gen-

eration.

The total amount of captured entrained dust in

the cyclone was at value of 15 % of charge. Practi-
cally, the slag from the charge was not created.
Rate of natural gas substitution during continuous
charging of peat for the time interval of 170 minutes
while maintaining stable electrical performance of
cogeneration unit is shown in Fig. 7.
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Fig. 7: Consumption of natural gas during peat gasification.

5. Discussion

Based on the results obtained from gasification
of peat in reduction atmosphere of selected type
of experimental reactor (at comparison of energy
intensity of gasification process and energy value
of gained syngas) at the above-defined conditions
of gasification, it is not economically profitable. Low
percentage of combustible components of syngas
H, and CO and high content of nitrogen, used for
generation of the plasma column of volume of 8.5
to 10 Nlsmin™, take significant share in low average
value of lower calorific value of the obtained gas-
eous medium which isin range of 3.0 to 3.5 MJ:-Nm?*
in this case. Based on these results, the total conver-
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sion of organic mass of charge on individual com-
ponents of syngas can be assumed.

6. Conclusion

Based on data contained in various world publica-
tions, higher percentage of combustible compo-
nents (CO and H)) in the synthesis gas at the gasifi-
cation of waste biomass and peat can be predicted
by application of another mode of plasma reactor
operation. The used type of plasma burner affects
the parameters of the plasma column significantly
and the type of operational atmosphere of reactor
(inert, oxidizing) takes share in ratio of gaseous and
solide products leaving the plasma gasification pro-
cess.

List of symbols and abbreviations:

DC -direct current (DC);

RB-1 - specification of the analysed peat sample;
RB-2 - specification of the analysed peat sample.
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