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Abstract — Results of experimental investigationsin the field of
bioconversion are presented. The technology is connected with
pyrolytic conversion of biomass into synthesis gaswhich can be
used as a gas fuel for power unit on the base of gas-diesel
engine. It is shown that as a result of biomass pyrolysis and the
subsequent cracking of emanating products by their filtration
throw charcoal at the temperature 1000°C it is possible to
receive 1.4m* of gas with heating value about 11.7 MJ/m® per
one kg of original raw material.
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l. INTRODUCTION

Developing the technologies for conversion of different
kinds of biomass into gas fuel and pure carbon materials is
rather an actual problem both from the point of view of
natural resources conservation, and from the point of view of
creating autonomous plants to produce both electricity and
heat operating on loca kinds of fuel. Very attractive natural
raw material is wood and peat. Wood and peat fal under
category of renewable hydrocarbon resources. About 70% of
the territory of the Russia is covered with forests, which
makes up about 23% of world reserves [1]. The development
of efficient methods of processing the waste of the lumbering
and wood-working industry is a very urgent problem from
the standpoint of environmental protection, because the
decay of wood waste is accompanied by emission of carbon
dioxide, phenol compounds and other harmful substances
while the thermal effect of attendant chemical reactions is
not utilization. In regard to peat reserves in Russia, which
account for about 42% of those around the world, they are
equivalent to about 70 hillion tons of standard coal that
exceeds the total oil and gas resources [2]. Growth of peat
reserves only in Russiais estimated at 260 -280 million tons
per year but only few percent of that quantity is extracted
and used now [3]. From the 1960's the use of peat began to
rapidly decrease as more natural gas was produced and
consumed. The amount of peat consumed in 1990 had
dropped by more than a factor of 8 as compared with that in
1965 and its fraction in the country’s energy balance had
decreased by a factor of 22 for the same period of time [2].
Utilization of raw or partially processed wood and peat for
needs of power engineering is represented rather
inconvenient and demands essential investments as it leads
to radical reconstruction of the whole technological chain of
electricity production. An dternative way to use the
abovementioned hydrocarbon resources for power purposes
links to developing a technology for processing them into
high-calorific gas mixtures.
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Gasification and pyrolysis are the most popular methods
that developed for producing gas fuel from biomass. Both of
them have some advantages and disadvantages. Air
gasification is the easiest method to convert biomass into
gas. However, the resulting gas contains up to 60% carbon
dioxide and nitrogen and its caorific value is generally
around 4 - 5 MJm?® which is too low. Overall efficiency of
gasification gas power plant is limited to 20%. The
gasification products also contain undesirable substances,
such as tars and dust which are need to be removed [4]. To
increase a calorific value of the gasification products oxygen
or water steam gasification can be used. The gas produced by
oxygen and steam gasification contains no nitrogen and
small amount of carbon dioxide. The maximum gas yield
reaches 1.3 nm® per kg of raw material and its calorific value
is about 11 MJI¥m?® [5]. Steam gasification is the widespread
process because of its simplicity. The main disadvantage of
the process is concerned with necessity of steam generation
which reduces overall effectiveness of power plant. Use of
oxygen for the purpose of gasification demands an air
separation unit in technological chain that leads to rise in
price of end product.

During pyrolysis of solid hydrocarbon raw material,
heating is carried out without air access, and, therefore
nitrogen is absent in the end products. Products of biomass
pyrolysis are non-condensable pyrolysis gas, char and liquid
fraction consisting of tar and pyroligneous liquor. Calorific
value of gas produced in the process of biomass pyrolysisis
considerably higher than calorific value of gas produced in
the ar gasification process. Composition of pyrolysis
products depends both on biomass properties and on a
number of technological parameters, such as heating rate,
final temperature, characteristic time of residence in reaction
zone and so on. Insignificant degree of processing of initial
raw materials into pyrolysis gas is main disadvantage of this
technology. Significant increase the gas yield can be
achieved by high-temperature conversion of liquid fraction.
For this purpose the catalytic [6] and non-catalytic [7][8]
methods can be used. In the present paper the scheme similar
to the scheme offered in [6] for processing of wood sawdust
is considered. Experimental feasibility of the technology
based on such scheme was partidly presented in [9].
Synthesis gas consisted from carbon oxide and hydrogen and
char are the end products of this technology.

Char is a brittle porous material with carbon content
about 90%. It would be possible to use it in various industrial
applications, for example metalurgy, if its stress-strain
property is not too low. The other technology which is
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presented in this paper allows to produce a hard carbon
composite material with carbon content up to 98% from
char. Composite is formed as a result of deposition of
pyrocarbon on the surface of char in the process of
heterogeneous pyrolysis of gaseous hydrocarbons which are
blown through reaction volume filled by char [10]. The
gaseous mixture at the exit of reactor contains hydrogen
which concentration may be easy varied by change in
operating parameters and may reach 90% (volume) and
more. As the gaseous hydrocarbons in this technology
natural gas, low-pressure gas field, oil gas and hydrocarbon
waste gases of different industrial enterprises may be used.

Comparison of behavior of different biomass types
during their processing by means of two abovementioned
technologies, experimental research of the influence of
different factors (temperature, heating rate, residence time)
on the composition and volume of the producible gaseous
mixtures, the quantitative characteristics of the
heterogeneous pyrolysis of saturated hydrocarbons in the
process of their filtration through the porous carbonic
medium were the purposes of this paper.

The second section describes experimental reactor and
conditions of experiments. The third section describes weight
loss of different materials during pyrolysis and pyrolysis gas
volume and composition measurement. The fourth section
describes results of experiments with pyrolysis liquid and
gaseous products cracking and obtaining synthesis gas. The
fifth section describes an experimental power plant based on
the technology of two-stage thermal conversion of biomass
into synthesis gas, which is using as fuel for gas-diesd
power generator.

II.  EXPERIMENTAL CONDITIONS

All the experiments were carried out at the setup similar
to one used in [9][10] and schematicaly presented in
Figure 1. It consisted of a high-temperature reactor A, a gas
supply system and a gas expense controller G at the entrance
of reactor, and a system of extraction and analysis of gas at
the exit of reactor including condenser B, eudiometer C and
chromatograph. The samples of the gas for chromatography
were taken out in the point D. The reactor was a stainless
steel tube with an inside diameter of about 37 mm, which
was placed within two-section furnace with independent
heaters for each section. Each section was 300 mm length.
The heaters alowed varying the temperature inside the
reactor from 100 to 1200°C. Such construction of the furnace
made possible to use the reactor in one and two chamber
regimes.

In the first case, the top chamber of reactor was not
heated up and was empty. During experiments the behavior
of different raw materials situated in bottom chamber at the
stage of pyrolysis, activation and also the process of
pyrocarbon deposition from gaseous hydrocarbons on the
surface of char were investigated. The gas supply system
made it possible to carry out experiments in different gas
media and monitor the volumetric gas flow through the
reactor. The pressure in reactor was equal to 10° Pa.

The two chamber regime was used for investigation of
pyrolysis of different raw materials, composition and yield of
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gas produced in process of its thermal conversion. Raw
material 1 (see Figure 1) was placed into the bottom
chamber. Char 2 obtained by pyrolysis of the same raw
material was placed in the top chamber. The depth of char
bed was equal to 50 mm. Before experiments the top
chamber was heated up to temperature T, that was held
further at the constant level. After that the temperature of the
bottom chamber was raised at the rate 10°C/min. Thus, gases
and vapour formed during pyrolysis of initial raw material
passed through the porous carbon bed with the fixed
temperature T, (further this mode is designated as «pyrolysis
with cracking»).

Figurel. Experimental installation scheme

As aresult of homogeneous and heterogeneous chemical
reactions in the high-temperature zone a decomposition of
pyrolysis gases and vapour took place. Conversion degree
depended both on the temperature T, and on the residence
time in a high-temperature zone. The output gas mixture
passed through the condenser B. Non-condensable gas came
into the eudiometer C. Comparison of the composition and
the output of the gases formed at presence and absence of the
char in the top chamber of the reactor gave an opportunity to
compare efficiency of conversion of initial raw material into
combustible gas under different operation conditions. Wood
and peat pellets were used asinitial raw material Humidity of
the samples was 6% and 10% for wood and peat
respectively.

1. PYROLYSISOF WOOD AND PEAT PELLETS

The different raw materials pyrolysis experiments were
carried out in one chamber regime of reactor. During the
experiments raw material was heated in oxygen-free medium
from room temperature to 1000°C. The fulfilled experimental
investigations showed similar behavior of peat and wood
pellets during their thermal processing. The change in the
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temperature of samples and the corresponding change in their
mass are presented in Figure 2. The data shown in Figure 2
correspond to a heating rate of approximately 10°C/min. It
can be seen that the loss of mass occurs mainly in the
temperature interval from 200 to 600°C and ranges from 65
(for peat pellets) to 75% (for wood pdllets) of the initial
mass. The change in the mass with a further increase in the
temperature is insignificant and is equal to around 5% of the
initial mass in the temperature interval from 600 to 1000°C.
The obtained char is a brittle porous material containing
around 80 and 90% of carbon for peat and wood pellets,
respectively. This difference mainly depends on the
difference of ash level of the initial raw materials. Changing
the heating rate from 2 to 35°C/min resulted in the mass of
char decreasing by no more than 10% and the specific
volume of open pores increasing by around 20%. The
specific volume of open pores for char from wood and peat
pelletsis equal to 0.5 and 0.28 cm®/g, respectively.
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Figure2. Temperature change and relative mass loss of wood and peat
pelletsin the pyrolysis process

The chromatographic analysis of composition of the
gases evolved during pyrolysis of wood and peat pellets was
fulfilled in the temperature range 250 — 1000°C at the
heating rate 10°C/min. Gas yield and its composition for
wood and peat pellets are very similar. Maor gas
components are H,, CO, CO, and C,H.. Note that methane
congtituted the main part in the hydrocarbon mixture C,H,.
At temperature above 500°C the carbon dioxide content
substantially decreased whereas the content of combustible
gases (methane, hydrogen and carbon monoxide) increased
that led to increase of the calorific value of the product gas
mixture. The overall gasyield was equal to 0.29 m® per kg of
initial raw material. The lower calorific value of product gas
was equal to Q_ = 9,6 MJm°. Extraction of the gas evolved
in the temperature range 500 — 1000°C leads to the
appreciable increase of the calorific value of product gas up
to 13 MJIm® but the gas yield decreases to 0.18 m* per kg of
initial raw material.
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IV. PYROLYSISAND CRACKING

Increasing the conversion degree of raw materia into a
combustible gas can be achieved as a result of high-
temperature thermal processing of gases and vapors
emanating in process of pyrolysis. For this purpose two
chamber regime of reactor was used. The data on gas volume
(per kg of peat pellets) obtained in the process of heating of
the bottom chamber of the reactor at different temperatures
T, are shown in Figure 3. In the same Figure, the similar data
received in «pyrolysis» mode are also shown. As follows
from the presented data the volume of the gas produced in
mode «pyrolysis with cracking» was much more than the
volume of the gas produced in «pyrolysis» mode. This
difference increased essentialy with increasing the top
chamber temperature T,. Simultaneously, reduction of
quantity of the liquid fraction collected in the condenser B
was observed. For the temperature T, = 1000°C there was no
liquid fraction in the condenser that was evidence of full tar
and pyroligneous liquor conversion into gas. Chemical
interaction of pyroligneous liquor with char was confirmed
by char mass loss in the top chamber of the reactor which
increased with growth of temperature T,
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Figure3. Gasyield per one kg of raw material during thermal processing
of peat pelets for different regimes

The mass of char formed in the bottom chamber did not
depend on the temperature in the top chamber and was about
30% for peat pellets and 20% for wood pellets. It is followed
from Figure 3 that in mode «pyrolysis with cracking» main
volume of gas was generated in the temperature range 250 —
500°C that corresponded to the temperature range of
condensable fraction formation during pyrolysis.

Figure 4 shows the results of chromatography of the gas
composition during heating of the bottom chamber at two
temperatures of the top chamber T,. One can see that carbon
dioxide and methane content in output gas decreased with
the rise of temperature T,. For temperature T,= 1000°C the
content of carbon dioxide and methane didn’t exceed one
percent. Thus, the temperature increase in the top chamber
leads to raise the rate of disoxidation of CO, and
heterogeneous pyrolysis of methane. It should be noticed that
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for the top chamber temperature T, = 1000°C the gas
composition practically does not depend on the bottom
chamber temperature at its changing in the range 250 —
500°C, i.e., in the area of main gas release (see Figure 3).
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Figure4. Composition of output gasin mode «pyrolysis with cracking»

Calorific values of the gas mixtures obtained by thermal
processing of wood and peat pellets were caculated on the
base of experimental data similar to presented in Figure 4. In
Tablel and Table Il data on content of combustible
components in the gas mixtures obtained by thermal
processing of peat and wood pellets for «pyrolysis with
cracking» mode and its high and low calorific values are
presented. Similar data for gas mixture obtained in
«pyrolysis» mode are shown in the same Tables.

TABLEI. COMPOSITION AND CALORIFIC VALUE OF GASMIXTURES
OBTAINED FROM PEAT PELLETS
Volume fractions of Cdorific
T, C combustible value,
components MJ/m®

H, CO | CGHm | Qv | Q
850 040 | 0,27 | 0,08 | 11,7 | 10,6
950 043 | 040 | 0,02 | 113 | 104
1000 049 | 041 | 0,01 | 11,7 | 10,6

Pyrolysis | 0,23 | 0,19 | 0,13 | 104 | 96

TABLEII. COMPOSITION AND CALORIFIC VALUES OF GASMIXTURES
OBTAINED FROM WOOD PELLETS
Volume fractions of Cdorific
Ty, C combustible value,
components MJ/m?

H2 Co CnHm QH QL
850 039 | 028 | 0,10 | 125 | 11,5
950 047 | 041 | 0,01 | 115 | 10,6
1000 046 | 046 | 0,00 | 11,7 | 10,9
Pyrolysis | 0,28 | 0,26 | 0,16 | 134 | 1272
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The data comparison shows that calorific value of gas
mixture obtained in «pyrolysis with cracking» mode
practically does not depend on the top chamber temperature
T, and differs about 10% from calorific value of gas mixture
obtained in «pyrolysis» mode. For peat pellets it is more in
«pyrolysis with cracking» mode and for wood pellets it is
more in «pyrolysis» mode. The gas composition is much
more sensitive to the temperature T,. As stated above the
temperature T, increase leads to CO, and CH, content
decrease. For the temperature T, = 1000°C the product gas
mixture consists of CO and H; in practically equal parts.

If caorific value of the gas mixture obtained in
«pyrolysis with cracking» mode dlightly differs from
calorific value of the gas mixture obtained in «pyrolysis»
mode, the gas volumes are essentidly different (see
Figure 3). That means the «pyrolysis with cracking» mode
alows increasing the conversion degree of the initia raw
material into gas phase.

V. PILOT POWER PLANT

On the base of experimental data mentioned above, there
was designed an experimental power plant of electric power
up to 50 kW shown at Figure 5.

Figure5. Pilot power plant (biomass processing unit).

The power station consists of biomass processing unit,
control and measurement system, and a gas-diesel engine
with an electric generator.
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V1. CONCLUSIONS AND FUTURE WORK

As a result of the pyrolysis and the subsequent cracking
of emanating volatile products over a char at the temperature
1000°C it is possible to increase the conversion degree of
initial raw materials and to receive about 1.4 m>of gas with
calorific value approximately 11.7 MJ/m from one kilogram
of wood or peat pellets.

Experimental investigations have shown that wood and
peat pellets can be used in the technology for integrated
processing of raw hydrocarbon materials for obtaining
carbon material and synthesis gas.

Future work will include energy balance determination
for the technology and series of pilot power plant tests.
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