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Abstract: Introduction. The growing demand for environmentally acceptable and resource-
efficient fuel technologies makes the development of alternative coal-water fuels based on biomass
pyrolysis products increasingly relevant.

Materials and methods. This study evaluates the material balance of an integrated unit
designed for the preparation and combustion of alternative coal-water fuel while simultaneously
converting biomass into useful pyrolysis products.

Results. Experiments were conducted with cotton stalk chips and wood chips at 500-550 °C.
For a reactor volume of 0.196 m>, 26 kg of cotton stalk chips yielded 6.4 kg of pyrolysis gas, 9.2 kg
of pyrolysis liquid, and 9.6 kg of pyrolysis char, with a mass loss of 0.8 kg. For 30 kg of wood chips,
the corresponding yields were 7.8, 10.4, and 11.2 kg, with a loss of 0.6 kg.

Conclusions. The results confirm that the proposed unit enables effective biomass
conversion and internal regeneration of fuel components, improving resource efficiency and
supporting integrated alternative-fuel production under practical operating conditions.

Keywords: coal-water fuel, biomass pyrolysis, material balance, pyrolysis gas, pyrolysis
liquid, pyrolysis char, alternative fuel.
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Annotatsiya. Kirish. Ekologik magbul va resurslardan samarali foydalanishga asoslangan
yoqilg ‘i texnologiyalariga bo ‘lgan talabning ortib borishi biomassa pirolizi mahsulotlari asosida
mugqobil “suv-ko ‘mir” yoqilg ‘ilarini ishlab chigishning dolzarbligini oshirmogda.

Materiallar va usullar. Mazkur tadqiqot ishida biomassa xomashyosini foydali piroliz
mahsulotlariga aylantirish bilan bir vaqtda muqobil “suv-ko ‘mir” yoqilg ‘isini tayyorlash va
yogqishga mo ‘ljallangan qurilmaning moddiy balansi aniglandi.




Natijalar. Tajriba jarayonida g ‘o ‘zapoya qipig ‘i va yog ‘och qipig‘i 500-550 °C haroratda
piroliz gilindi. Hajmi 0,196 m* bo ‘Igan reaktorda 26 kg g ‘o ‘zapoya qipig ‘idan 6,4 kg piroliz gazi,
9,2 kg piroliz suyuqligi va 9,6 kg piroliz ko ‘miri olindi, moddiy yo ‘qotish 0,8 kg ni tashkil etdi. 30
kg yog ‘och qipig ‘i qayta ishlanganda esa mos ravishda 7,8 kg piroliz gazi, 10,4 kg piroliz suyuqligi
va 11,2 kg piroliz ko ‘miri olindi, moddiy yo ‘qotish 0,6 kg ni tashkil etdi.

Xulosa. Olingan natijalar taklif etilgan qurilma biomassani samarali qayta ishlash hamda
hosil bo‘lgan piroliz mahsulotlaridan muqobil “suv-ko ‘mir” yoqilg ‘isini tayyorlashda qayta
foydalanish imkonini berishini ko ‘rsatdi.

Kalit so‘zlar: suv-ko ‘mir yoqilg ‘isi, biomassa pirolizi, moddiy balans, piroliz gazi, piroliz
suyuqligi, piroliz ko ‘miri, muqobil yoqilg i.
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Annomayun. Beedenue. Pocm nompedbnocmu 6 3KONO2UHECKU NPUEMIEMbIX U
pecypcoappexmusnvlx  MONIUBHBIX MEXHONOUAX NOBbLUAen aKMyalbHOCMb pa3pabomku
AnbMepHaAmuU8HO20 8000Y20IbHO20 MONIUBA HA OCHO8E NPOOYKMOE NUPOIU3A OUOMACCHI.

Mamepuanvt u memoowt. B pabome ucciedosan mamepuanbhviii OAIAHC UHMESPUPOBAHHOT
VCMAaHo8KU, NPeOHAZHAYEHHOU 0151 NPUSOMOBNEHUSL U CHCULAHUSL ANbMEPHAMUBHO20 8000Y20IbHO20
MONAUBA ¢ 0OHOBPEMEHHbIM NPeobPA308aHUEM ODUOMACCHL 8 NOJLE3HbIE NPOOYKMbl NUPOIU3A.

Pe3ynomameul. B kauecmee coipbs UCnONb308a1UCH UMENTbYEHHbIE CIMEeDIU XIONYAMHUKA U
OpesecHble 0mxX00bl, NUPOIU3 KOMOpuIX ocywecmeniics npu memnepamype 500-550 °C. Ilpu
obveme nuponusnozo peaxmopa 0,196 m3 uz 26 ke uzmenvuénuvix cmebneil X10n4amHuKa ObiIO
noayueno 6,4 ke nuponuznozo 2aza, 9,2 ke nupoausHou sHcuokocmu u 9,6 ke nupoauU3Ho20 yeis, npu
amom nomepu maccwvl cocmasuau 0,8 ke. Ilpu nepepabomke 30 ke OpegecHoOU wenvli 6bIX00
NUPOIUZHO20 2a3a cocmagull 7,8 ke, nupoausno scuokocmu - 10,4 ke, nuporusnoeo yens - 11,2 ke,
a nomepu maccwl - 0,6 ke.

3aknwuenue. I[lonyuennvie pesyromamvl NOOMEEPHCOAIOM, UMO  paA3PAOOMAHHAS
UHMeSPUPOBAHHAsl YCMAHOBKA obecneuusaem 3¢hgexmusnyro nepepabomky oOuomaccel u
N0360J151em NOBMOPHO UCNONIb308AMb NOYYEHHble NPOOYKMbL NUPOIUZA 8 KAuecnee KOMHOHEHMO8
npu npucoMOoBIeHUU AlbMePHAMUEHO20 8000)20IbHO20 MONIUBA.

Knrouesvie cnosa: 6000yzonvroe moniugo, NUpoaU3 OUOMACChl, MamepuaibHulil O6alauc,
NUPONUSHLIL 2A3, NUPOIUSHASL JHCUOKOCMb, NUPONUHBIL Y20/b, AIbMEPHAMUBHOE MONIUBO,
pezenepayus moniued.

Introduction

Globally, considerable attention is being paid to the development of new scientific and
technological solutions aimed at introducing alternative, environmentally acceptable, and
economically efficient fuels into the energy production sector, as well as improving the preparation
and combustion technologies of coal-water fuel (CWF) in order to reduce harmful atmospheric
emissions [1-2]. Although the utilization of renewable energy sources has been steadily expanding,
coal continues to occupy an important position in the global fuel and energy balance, accounting for
approximately 30% of total energy consumption. Therefore, the future development of coal




combustion technologies requires the creation of highly efficient and environmentally acceptable
scientific and technological solutions [3].

According to industry estimates, the global coal-water fuel market was valued at USD 2.55
billion in 2023 and is projected to reach USD 3.45 billion by 2030, expanding at an average annual
growth rate of 5.05% during 2024-2030 [3.4].

In this context, particular attention is being focused on the development of a new generation
of coal-water alternative fuel compositions with an optimized formulation based on biomass
pyrolysis products, the improvement of their thermophysical properties, the development of an
optimal design for coal-water fuel combustion systems, and the enhancement of combustion process
efficiency [5].

Materials and methods

To determine the material and heat balance of the preparation and combustion processes of
alternative coal-water fuel, the technological scheme and experimental setup proposed in this study
were used. The system consists of a combustion chamber, biomass pyrolysis reactor, water-heating
chamber, condenser, liquid pyrolysis product collection tank, filter, and gas holder [2].

The high-temperature combustion products generated during the combustion of the
alternative coal-water fuel (CWF) in the combustion chamber provide the required thermal regime
for the biomass pyrolysis reactor. After passing through the pyrolysis reactor, the residual heat of
the combustion products is recovered in the water-heating chamber located in the upper section of
the unit.

The vapor-gas mixture generated during the pyrolysis process is directed to the condenser,
where the condensable products are separated and collected in the liquid pyrolysis product storage
tank. The non-condensable pyrolysis gas is subsequently passed through the filtration system and
supplied to the gas holder.

The technological scheme and the general view of the experimental prototype of the
proposed unit are presented in Figures 1 and 2, respectively.
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Fig.2. Experimental setup.

Material Balance of the Preparation and Combustion Process of Alternative Coal-Water Fuel
The material balance of the preparation and combustion process of the alternative coal-water
fuel (CWF) was determined in three consecutive stages. This approach makes it possible to
quantitatively evaluate the material flows entering and leaving the combustion chamber, the




distribution of biomass pyrolysis products, and the amount of alternative fuel that can be regenerated
within one operating cycle of the proposed unit.

Stage 1. Material balance of the combustion chamber

At the first stage, the material balance of the combustion chamber was determined.
According to the law of conservation of mass, the total mass of the alternative coal-water fuel and
combustion air supplied to the combustion chamber must be equal to the total mass of the
combustion products leaving the chamber:

Min = Moyt (1)
or,

Mepw + Majr = My g + Mgy (2
here, m¢py 1s the mass of the coal-water fuel, kg; m;,- is the mass of air supplied for combustion,
kg, mg 4 is the mass of flue gases, kg; and mggy, is the mass of ash, kg.

These equations provide the basis for determining the distribution of the initial fuel mass
between gaseous combustion products and solid mineral residue. The obtained results are
subsequently used in the overall material and heat balance of the integrated combustion—pyrolysis
system.

Stage 2. Material balance of the biomass pyrolysis reactor

At the second stage, the material balance of the biomass pyrolysis reactor was established.
During thermal decomposition, the biomass feedstock is converted into three main useful products-
liquid pyrolysis products, non-condensable pyrolysis gas, and solid carbonaceous residue-as well as
a certain amount of unaccounted or retained mass.

Accordingly, the material balance of the pyrolysis reactor can be expressed as

my = My + My + My + My 3)

my, is the mass of biomass feedstock loaded into the pyrolysis reactor, kg; m,,; is the mass

of liquid pyrolysis products, kg; m,,, is the mass of pyrolysis gas, kg; m,,. is the mass of pyrolysis

char, kg; and m,,4; is the unaccounted mass loss, kg.

m, =pp- V@ “)

where p,, is the bulk density of the biomass feedstock, kg/m?3; V. is the effective volume of

the pyrolysis reactor, m?; and ¢ is the biomass filling coefficient of the reactor. In the present study,
the reactor filling coefficient was taken as 0.90, corresponding to a biomass loading level of 90%.

The mass loss is determined using the following equation:

Myost = My, + My = (mlaSt flrSt) + (mlast flTSt) 5)

where, mjf t;St, mjflcr“ — 1is the total mass of the water and charcoal filters before the

experiment, kg; m}ciy , mj’fiy is the total mass of the water and charcoal filters after the experiment,

kg.

Stage 3

The distribution balance of the obtained alternative fuels is calculated as follows:
My = Mppwer + Mprr (6)
My = Mypcwef + Mycr (7

where, wcf- is the fraction of the pyrolysis products used for preparing the alternative coal-
water fuel, and r is the fraction remaining in reserve.
The material balance for preparing new batches of the alternative coal-water fuel is
calculated as follows:
mwcf me + mpl wcf + mpc wcf + Myater + mpl (8)
Based on the material-balance equations describing the preparation and combustion of the
alternative coal-water fuel, the concept of the fuel regeneration coefficient K4 is introduced and
calculated as follows:

Myc
Kreg = —2L— ©))

Mycf,burn




where, m,,.r —is the mass of alternative coal-water fuel prepared from the alternative fuel
products obtained during one operating cycle of the unit, kg; my,¢¢ pyrn — is the mass of alternative
coal-water fuel combusted in the combustion chamber during one operating cycle of the unit, kg.

If Kyeg = 1, the amount of newly prepared alternative coal-water fuel is equal to the amount
of fuel consumed during one operating cycle. If K, > 1, the unit produces more alternative coal-
water fuel than is required for its own operation, and vice versa.

Results

The experimental results obtained for the alternative fuels produced from biomass feedstock
loaded into the pyrolysis reactor section of the alternative coal-water fuel preparation and
combustion unit are presented in Table 1.

Table 1.
Results of the material balance of biomass processing in the pyrolysis reactor of the unit
Biomass PR Density,, | my, | Pyrolysis | Pyrolysis | Pyrolysis | Pyrolysis | miost
type volume, | kg/m? kg temp., gas, kg | liquid, kg | char, kg kg
m? °C
Cotton

stalk chips | 0,196 147 26 500-550 6.4 9.2 9.6 0.8
Wood chips 170 30 7,8 10,4 11,2 0,6

According to the experimental results presented in Table 4.1, when 26 kg of cotton stalk
chips or 30 kg of wood chips were loaded into a pyrolysis reactor with a volume of 0.196 m?® during
one operating cycle and processed at a temperature of 500-550 °C, the corresponding yields were
6.4 and 7.8 kg of pyrolysis gas, 9.2 and 10.4 kg of pyrolysis liquid, and 9.6 and 11.2 kg of pyrolysis
char, respectively.

The material losses amounted to 0.8 kg for cotton stalk chips and 0.6 kg for wood chips. The
experimental results showed that the yields of pyrolysis char and pyrolysis gas from wood chips
were higher than those obtained from cotton stalk residues.

Conclusions

The conducted studies demonstrated that the developed unit for the preparation and
combustion of alternative “coal-water fuel” based on biomass pyrolysis products enables the
integrated utilization of the initial feedstock and allows quantitative assessment of material-flow
distribution during combustion, pyrolysis, and subsequent reuse of the obtained products. The
obtained results confirm the feasibility of the proposed technological scheme for increasing the
utilization efficiency of biomass-derived products and developing a resource-efficient technology
for producing alternative “coal-water fuel”.
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