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Abstract. The article proposes a technological scheme for the process of obtaining alternative
fuels from local biomass by the method of heliopyrolysis. Besides, the temperature regime in the
reactor of the pyrolysis device and the thermal energy savings consumed for the specific needs of
the device, as well as the thermal performance of the device are analyzed. It is known that redu-
cing energy consumption in pyrolysis technology is a major challenge-because energy (heat) must
first be supplied to maintain the reactor temperature regime. Typically, the processes carried out
in a pyrolysis unit are carried out at the expense of coal, natural gas or electricity consumption.
For the operation very large amount of thermal energy is required to decompose biomass waste,
and additional heating of biomass requires excessive energy consumption. To prevent these tech-
nological problems, the article proposes a solar concentrator’s heliopyrolysis system to heat
the pyrolysis reactor. Applying a solar concentrator to this type of pyrolysis device can achieve
a temperature of 400-700 °C. A schematic diagram of the experimental pyrolysis unit of the solar
concentrator was developed, and samples of alternative fuels (pyrogas, liquid, solid fuels) were
obtained as a result of thermal processing of biomass. Based on the analysis of the material
balance of a heliopyrolysis plant with a parabolic-cylindrical solar concentrator, it was found that
about 20 % pyrogas, 60 % liquid fuel, 8-20 % solid alternative fuel were obtained during the py-
rolysis of cotton stalks with an initial biomass load of 3.76 kg. In order to determine the consump-
tion of thermal energy in the pyrolysis process, as well as for the replaced solar energy, an analysis
of the heat balance of the proposed installation was carried out. It is shown that the use of a solar
concentrator makes it possible to reduce the specific energy consumption for the pyrolysis process
by up to 30 %. The proposed heliopyrolysis device makes it possible to reduce the consumption
of thermal energy for own needs, increase the overall efficiency of the installation and ensure
a stable temperature regime for pyrolysis.
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TemnoBoil 1 MaTepuaJIbLHbIH 0aJIaHC
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C.2. ‘{ynnenl)
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2)BGHOpyCCKHﬁ HaIMOHAJbHBINA TeXHUYeCKuil yHuBepcureT (Munck, Peciybnuka benapycs)

Pedepar. [Ipennorxena TexHonmormdeckasl CxemMa Iporecca NoIydeHus AIbTePHAaTHBHOTO TOIUINBA
U3 MECTHOM OHMOMacchl MeTOROM Tennonuponusa. [IpoaHann3upoBaHbl TeMNEPAaTYpPHBIA PEXHM B
peakTope NUPOJIM3HON YyCTaHOBKH, SKOHOMHUS TEIUIOBOM 3HEPIUHU, PACXOLYyEMOM Ha KOHKpPETHbIE
HYXJBI 000pYHOBaHUS, a TAKXKE TEIIOBask MPOU3BOAUTEIBHOCTE YCTaHOBKH. CHIDKEHHE 3HEpro-
NOTPEeOIEeHNsT B TEXHOJIOTHH ITHPOJIN3a SBISIETCS CePhe3HOH MpobieMoil. DTo CBsI3aHO ¢ HEOOXO-
JMMOCTBIO MOZABOJA SHEPrHM (TEIUIOTHI) IS MOAAEPKAHHUS TEMIEPAaTYpPHOTO PEKUMa PEaKkTopa,
JOTIOJHUTEIFHOTO HarpeBa OMOMacchl, a TakkKe 0COOCHHOCTAMHU IPOLEcca Pa3JIOKEHUS OTXOJIOB,
JUISL KOTOPOTO TpebyeTcst oueHb GopImas TeruroBast SHeprus. OOBIMHO MHPOJIU3 OCYIIECTBISIETCS
3a c4eT MOTPeOJIEeHHs YT, IPUPOIHOTO Ta3a WM 3JIEKTPO’HEpTHH. B craThe mpemioxkeHo Hc-
M0JIb30BaTh Ul 00OrpeBa MUPOJU3HOIO PEaKTOpa IeIHONUPONIM3HYI0 CHCTEMY ¢ Hapabosonu-
JMHIPUYECKUM COJTHEUHBIM KOHIIGHTPAaTOPOM, YTO TO03BOJIAET AOCTHYb Temmneparypsl 400700 °C.
Pazpaborana nmpuHIMNHANBHAS CXeMa SKCIIEPUMEHTAIBHON MUPOIU3HOH YCTAHOBKU COJTHEYHOTO
KOHLIEHTPATOpa U MOJIy4eHbl 00pa3lbl albTepHATUBHBIX TOILIMB. Tak, TepMUueckas nepepadboTka
cTebueit xmomuarHuka aana okoio 20 % muporasza, 60 % »xwugkoro tommmsa, 8—20 % TBepa0ro
ITEPHATUBHOTO TOIUIMBA IIPH 3arpy3Ke MCXOAHOI Omomaccsl 3,76 kxr. PaccMoTpeH TemnoBoit
W MaTepualbHBIN OamaHC ycTaHOBKH. IIoka3aHO, 4TO NPHMEHEHHE CONHEYHOTO KOHIIEHTpaTopa
MIO3BOJISIET YMEHBIIUTh YACIbHBIC dHEPro3arparbl Ha mporecc nupoauza 10 30 %. Ilpemyoxen-
Hasi TEJIMONMPOJIM3HAS YCTAHOBKA CHIDKAET PAcXoJl TEIUIOBOW SHEPruM Ha COOCTBEHHBIC HYXKIBI,
TIOBBIMIACT OOMMH KO3((HUIUEHT MONe3HOTo AeHcTBHA M obecnednBaeT CTaOMIBHBIN TeMmepa-
TYPHBIH PEXUM MUPOIU3A.

KiroueBbie c/10Ba: relMONUpONn3, KOHIIEHTPATOP, MUPOJIM3HBIA peakTop, buomacca, KOJIMYeCTBO
TEIIOTHI, SHTAIBIINS, CONHEYHOE U3iydeHne, TerutoBoi KII/I, anmprepHaTHBHOE TOILIMBO, TEMIIE-
parypa, KO3 (QHIMEHT TeIIoNepeaadn, BpeMs
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Introduction

Demand for energy is growing in Uzbekistan as a result of industrial
development and population growth. According to estimates approved by the
State Statistics Committee of the Republic of Uzbekistan, in 2019 Uzbekistan’s
oil reserves reached 100 million tons and natural gas reserves — 1.1 trillion cubic
meters, total reserves of petroleum products (diesel, kerosene, gasoline, natural
gas) in the country, 4 billion tons of conventional fuel [1]. At present, 86 % of
the electricity generated in the country is produced by thermal power plants,
90 % of them run on natural gas. In recent years, special attention has been paid
to reducing energy consumption in production and product’s costs, as well as the
introduction of mechanisms for the use of renewable energy sources. In particular,
the Resolution of the President of the Republic of Uzbekistan No. PD-3012 “On the
program of measures for further development of renewable energy, energy
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efficiency in the economy and social spheres in 2017-2021" and Resolution
of the Cabinet of Ministers of the Republic of Uzbekistan dated November 25,
2015 No 343 “On measures to encourage the construction of biogas plants in
livestock and poultry farms™ provides comprehensive measures to ensure energy
efficiency in the economy and social spheres of the country [2, 3]. The potential
for the use of solar energy in the country is high, and in about 270-300 sunny
days of the year (2700-3000 h) radiant energy can be used effectively for
various purposes [4]. In world practice, the use of solar energy for lighting,
heating, cooling, ventilation, heating and electricity generation of buildings is
established. Nowadays, it is important to use solar concentrators for use in
technological processes that require high temperatures from solar energy. In re-
cent years, Uzbekistan has conducted research on the use of solar energy in vari-
ous technological processes and achieved practical results [5-8].

Also in recent years, research on the use of pyrolysis devices in the pro-
duction of alternative fuels from biomass shows that significant theoretical and
practical results have been achieved in this area. Currently, foreign scientists are
conducting research on the use of solar concentrators in the pyrolysis process.
In particular, the Mexican scientist Morales studied the pyrolysis process using
parabolic concentrators, but the studies did not fully explore the practical
possibilities associated with the daily location of the sun and seasonal radiation
levels [9]. A rapid pyrolysis system using a parabolic reflector was studied by
Bangladesh scientist Joardder [10]. In China, Zeng et al. [11] proposed a two-
stage heliostatic parabolic concentrator with a display system to control the
heating rate and temperature of the pyrolysis reactor. Their research examined
the effect of temperature (600-2000 °C and heating rate 5-450 °C/s on the
productivity and properties of the hard coal obtained as a result of the process,
rather than on the performance of the system during this period. A solar
pyrolysis device with a two-axis tracking system was developed and tested by
Lebanese scientist Zeitter using a Fresnel lens. In the process, a temperature of
550 °C was generated and pyrolysis of fuel from household waste was studied
[12]. In the CIS countries, G. I. Palchenok and N. G. Khutskaya has been studied
by the use of solar concentrators in biomass pyrolysis [13]. G. N. Uzakov, R. T.
Rabbimov and X. A. Davlonov conducted research on the production of
alternative fuels by pyrolysis from local biomass in the country [14, 15].

Materials and methods

The aim of the present study is to develop a solar concentrator heliopyrolysis
device for biomass pyrolysis and to analyze heat and material balance. Taking
into account the solar energy potential of the region, a technological scheme
of the gelipyrolysis process for thermal processing of biomass has been
created (Fig. 1).

The average temperature regime during biomass pyrolysis is 350-500 °C.
Biomass raw material reserves are a very common alternative energy source,
from which 1 m® biogas gives 21.0-27.2 MJ/m® of combustion heat, 0.6 liters
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of gasoline, 1.7 kg of wood equivalent to heat energy [16]. Reducing energy
consumption in pyrolysis technology is a major challenge. This is because
energy (heat) must first be supplied to maintain the temperature regime of the
reactor. Typically, the processes carried out in a pyrolysis unit are carried out at
the expense of coal, natural gas or electricity consumption. For the operation
very large amount of thermal energy is required to decompose biomass waste,
and additional heating of biomass requires excessive energy consumption.

Heat source
(parabolasylindrical concentrator)

R H==
Biomass |:> Heliopyrolysis reactor |:>

| Y
Heat source Liquid fuel
(electric heater Coal
with photoelectric
battery)

Fig. 1. Technological scheme of heliopyrolysis process

These technical and economic problems can be overcome by using a
heliothermal heating system. As a result of research in this area, a method
of using solar concentrators in the process of biomass pyrolysis, i. e. the method
of heliopyrolysis, has been proposed (Fig. 2).

Sun rays
Biomass input

\ : >(Reactor

Coal output
— >

o

i

Parabolasylindrical concentrator

Capacitor
Consumer
Separator Gas tank ———=
Solar panels
I Liquid

Fig. 2. Schematic diagram of a heliopyrolysis device



G. N. Uzakov, A. V. Novik, X. A. Davlonov, X. A. Almardanov, S. E. Chuliev
Heat and Material Balance of Heliopyrolysis Device 61

The solar concentrator-based heliopyrolysis device does not harm the
environment and reduces the energy consumption for the process. The heat
required for the process is generated by parabolacylindrical solar concentrators.
The advantage of the proposed method is that the pyrolysis reactor can be
continuously heated by solar energy using solar concentrators. Initially, the
pyrolysis reactor is heated to a certain temperature by a solar heating system,
while the pyrolysis reactor is heated continuously, i. e. during the pyrolysis cycle
by a solar heating system at the same time as a conventional or electric heating
system [17-19].

x It is important to study the heat
balance of a pyrolysis reactor to obtain
fuel from biomass by the heliopyroly-
sis method as it is important to heat
the reactor surface with the aid of
the sun and to provide heat continuously.
An experimental version of a heliopy-
rolysis device with a rotating reactor and
a solar concentrator in the proposed
device is shown in Fig. 3.

The pyrolysis reaction takes place in-
side a stainless steel reactor. The main
components of a solar pyrolysis system
are the reactor, the parabolacylindrical
solar concentrator, and the condenser.
o The reactor is heated from the outside by
Fig. 3. Heliopyrolysis unit with rotary means of parabolacylindrical solar con-

reactor and solar concentrator: centrators together with a continuous

1 — parabolacylindrical concentrator;  heating system. In this case, parabolacy-

Z_reacmz’ 3 -~ base foundations; lindrical solar concentrators are used as
— gas outlet L. .

a heat source for additional heating of the
reactor. As a result, using this combined device allows obtaining heat at a tem-
perature of 350-500 °C. Pyrolysis vapors move to the condenser through the
formation of a pressure inside the reactor above the atmospheric one. Conden-
sate (biofuel) from pyrolysis vapor accumulates in liquid collectors. The separa-
ted gas is collected in a gas holder.

In this research work, the theory of heat-mass transfer of thermal engineering
and solar devices and methods of calculating heat balance equations were used.

Results and discussion

To calculate the results of experimental research on a computer, the program
for modeling the device of heliopyrolysis and calculation of exergetic balance
for the production of alternative fuels from biomass was developed [20].

The heat balance can be written as follows, W:

Qreak = Qproc + Qloss - Qsol.en - Qelec' (1)

The amount of heat required to increase the temperature of the loaded bio-
mass to the value of the pyrolysis process Q W:

proc’
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Quroc =My € (£proc — 1 )36 107, )

where m, is mass of biomass, kg; ¢, is biomass heat capacity, J/kg-°C; t,,. is
temperature required for the process, °C; t, is biomass temperature, °C.
The amount of heat released into the environment through the reactor in the

process Q,.» W [21-23]:

Qloss = ( PI’C:; - ) ) (3)
In—-2
d,

where A is thermal conductivity, W/(m-°C); | is reactor length, m; t_. . is the

proc
temperature required for pyrolysis, °C; t,,, is biomass temperature, °C; d, is
the inside diameter of the reactor, m; d, is the outside diameter of the reactor, m.

Solar energy density Q W, in the focal zone of a parabolacylindrical
concentrator [24, 25]:

sol.en !

Qsol.en = 2P tg (UTm] LREO' (4)

where P is focal parameter;U,, is the angle of incidence of sunlight; L is con-

centrator length, m; E, is the amount of the falling solar radiation, W/m? R is
light reflection coefficient.

The amount of heat released from a solar-powered electric heater Q.. , W [26-28]:
Quec = 1Ut-3.6 107, (5)

where | is current strength, A; U is electrical voltage, V; t is time, h.
If we assume that the sum of the amount of heat needed to heat the loaded
biomass and the heat lost to the environment is equal to the total amount of heat

used for the process Q,,

Qtotal = Qproc + Qloss' (6)

If we consider the sum of the amount of heat generated in the solar concen-
trator and the amount of heat generated using an additional electric heater to be

equal to the amount of heat input to the heliopyrolysis device Qinput:
Qinput = Qsol.en + Qelec' (7)
The amount of heat required for a heliopyrolysis device is determined using
the following equation Qg anq-

Qdemand = Qtotal - Qinput’ (8)

where Q,...,¢ 1S the amount of heat required for the process, J.
The calculation results are presented in Tab. 1 and 2.
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Table 1
Reactor heat balance parameters
Physico-energetic parameters of the reactor
=] < 3
4 —
3 2 8 Q 2=z = g
Raw E 2 ol 3| 25 | g o
materials & - | 3 | 85| 27 " g3
(biomass) g “> |5 ol 22 = G| 83| ==
5 S5 | ¢ S| 2>| s | » | 85| ©3
4= L5 T2 8w S5 = 1] S = 2
o N c IS < 5 D = S 0 ° = S5 B
@ o O EE|lged| 22 = 3 = 5 &8| o g
8 2o 2|5 E| 5= | 8¢ § |5 3| E &
> FS |[FS|@e| F& Is | T |®sC| <O
Wood
shavings 2.70 9 454 | 40 350 6.70 3.4 2.7 7.30
Small cattle
manure 471 9 454 | 40 350 11.68 3.4 2.7 12.12
Cotton
stalks 3.76 9 454 | 40 350 9.33 3.4 2.7 10.03
Table 2
Material balance of heliopyrolysis process
Raw materials Loaded The products of heliopyrolysis
(biomass) biomass, kg Pyrogas, m® Liquid, | Solid fuel, kg
Wood shavings 2.70 0.60 (22 %) 1.0 (38 %) 1.10 (40 %)
ﬁﬂ:Z“ cattle ma- 471 0.80 (18 %) 2.4 (52 %) 1.41 (30 %)
Cotton stalks 3.76 0.75 (20 %) 2.2 (60 %) 0.75 (18 %)

The results of a comparative study on the extraction of alternative fuels from
conventional and heliopyrolysis methods from wood shavings are given in Tab. 3.

Table 3
Thermal and technical characteristics of the heliopyrolysis process
When applying
. In the traditional way a solar concentra-
Raw  |L0aded| Bio- | Loaded tor to the system
materials bio- mass |biomass the heat "
; mass, | mois- | temp., consu- |consuma-| the heat | save
(biomass) | "y ™ | ture.% on process |P"°°*| mable |ble natu- | covered | fuel
, o~ time
temp., °C (min) heat, | ral gas, | bythe |(natural
kw m® | sun, kW |gas), m®
Wood
shavings 2.70 20 40 |350-500| 180 10.1 | 0.9-1.0 2.7 0.30
Small cattle
manure 4.71 15 40 |350-500| 180 105 | 1.0-1.2 2.7 0.25
Cotton stalks | 3.76 10 40 |350-500| 180 10.0 | 0.8-1.0 2.7 0.35

The energy consumption diagram of the heliopyrolysis process is shown
in Fig. 4.
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Qsol.en 30
Fig. 4. Energy diagram of the process of heliopyrolysis, %
CONCLUSION

The efficiency of biofuel production varies mainly depending on the

operating temperature of the pyrolysis reactor, the size of the biomass particles
and the duration of operation. Experiments showed that 1.0 m® of natural gas
was burned when the moisture content of 2.7 kg of biomass was 20 % and

to raise the internal temperature of the reactor to 350 °C for the pyrolysis process

to

take place. At the same time, 10.1 kW of energy was used to form the

pyrolysis process. The process saved 0.3 m® of natural gas or 2.7 kW of energy
through the use of solar concentrators. The use of solar concentrators has made
it possible to reduce the amount of fuel consumed for the process by 30 %.
The experimental results can be used in the design and calculation of
the heliopyrolysis device.
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