Marepiaan XXV MikHapoaHol HAYKOBO-NIPAKTUYHOI KOH(pepeH il
«Exouoris. JIrvoguaa. CycnijibCcTBO»

nam’aTi a-pa JImurpa CTE@AHUIIINHA
(12 yepBHst 2025 p., m. KuiB, Ykpaina)

) o"’ Proceedings of the XXV International Science Conference
«Ecology. Human. Society»

dedicated to the memory of Dr. Dmytro STEFANYSHYN
(June 12 2025, Kyiv, Ukraine)

ISSN (Online) 2710-3315
https://doi.org/10.20535/EHS2710-3315.2025.331622

?

SUBSTITUTION OF FOSSIL FUELS THROUGH THE GASIFICATION
OF CARBON-CONTAINING RAW MATERIALS

Kostiantyn PIANYKH
Gas Institute NAS Ukraine
Dehtiarivska St. 39, Kyiv, 03113, Ukraine
e-mail: pianykhkk@gmail.com

Abstract

The study explores technologies based on the gasification of local fuels to advance renewable
energy utilization, supporting global and EU goals to increase renewable energy consumption to 40-
45% by 2030. The Department of Alternative Fuels Technology at the Gas Institute of Ukraine is
developing two key technologies: electricity generation using generator gas in piston power plants
and synthesis gas production for chemical applications. A test-industrial installation demonstrated
electrical efficiency of 22-24% when operating on fuels such as wood chips, lignite, and sunflower
husk pellets. Emission levels (CO and NOx) met or exceeded EURO-5 standards but slightly
underperformed against EURO-6. An industrial system with a capacity of 75 kW is currently under
testing. In the second focus area, the team optimized gasification conditions (850-950°C) to produce
synthesis gas with a [Hz] : [CO] ratio close to 2:1. Experiments with diverse carbon-containing
materials, including rubber from used tires, showed potential for high-calorie gas production and
waste utilization. Rubber gasification yielded a gas with a lower heating value of 9804 kJ/m3 and
produced a coke residue with 85% carbon content. These findings highlight the versatility of
gasification technology for generating electricity and producing feedstock for the chemical industry.
The developed solutions demonstrate the feasibility of replacing traditional fuels with sustainable
alternatives, contributing to both energy security and environmental protection.

Keywords: gasification, biofuels, renewable resources, synthesis gas.

In recent decades, the development of the energy industry around the world has been moving
towards renewable energy sources. As an example, we can take the European Union directive on the
promotion of energy from renewable sources. This directive. Prescribes an increase in the
Consumption of energy from renewable energy sources. Up to 40% by 2030. And also calls for.
Collective actions by countries to increase this figure to 45%.

The Department of Alternative Fuels Technology of the Gas Institute of the National Academy of
Sciences of Ukraine is developing 2 technologies based on the gasification process of local types of
fuel:

- electricity generation;

- production of generator gas, close in properties to synthesis gas, for further use in the chemical
industry [1].
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The main focus of the Alternative Fuels Technology Department is to generate electricity by using
generator gas obtained from local fuels at a piston power plant to create autonomous or mobile sources
of electrical energy. Figure 1 shows a photograph and a schematic diagram of this installation. The
basis of the installation is a periodic gas generator 1. The generator gas cleaning system includes a
heat exchanger-cooler 2, a coarse filter 3 and a fine filter 4, after which the purified generator gas
enters a generator based on a piston machine 5.

@ R
Fig. 1. Photograph and schematic diagram of a plant for generating electrical energy based on
biofuel gasification and using the resulting generator gas i
n a piston machine with an electric generator

Tests conducted on this unit showed the possibility of the unit operating on various types of fuel
such as wood chips, sunflower husk pellets, straw, lignite and other. Data obtained during the tests
are shown in Fig. 2 and indicate that the electrical efficiency of this unit reaches 22-24% in the optimal
mode. The environmental aspect should also be noted: emissions of this unit are CO — 2.58 g/kW*h,
and NOx — 0.76 g/kW*h. Which exceeds EURO-5: CO - 4.0 g/kW*h, NOx — 2.0 g/kW*h; but is
slightly lower than EURO-6: CO — 4.0 g/kW*h, NOx — 0.4 g/kW*h. Currently, an industrial
installation with a capacity of 75 kW for electricity is being tested.

The second area of work of the department is obtaining generator gas with a given ratio of
[H2]:[CO].
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For the research, design documentation has been developed and a gasification section has been
manufactured (Fig. 3) consisting of: gas generator (1), heat exchanger (2), fine gas filter (3). A series
of studies was conducted that allowed determining the optimal temperature regimes and fuel/oxygen
concentration ratios for regulating the parameters of gaseous gasification products. It was determined
that operation in the 850...950°C mode allows obtaining synthesis gas with characteristics [Hz] : [CO]
close to 2:1.

The results of gasification of a wide range of carbon-containing resources are presented: lignite,
brown coal, rubber from used automobile tires, RDF, wood chips and pellets. Component ratio of
acquired gas from conducted experiments presented on Fig. 4.

Results of rubber gasification allowed us to propose this process as a possible one for the
utilization of used tires. During the gasification of rubber, high-calorie gas and coke residue are
formed, the carbon content of which reaches 85%. Properties of the obtained generator gas when
tested on rubber are presented in table 1.
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Fig. 2. Dependence of electrical efficiency on the power of the test-industrial installation
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Fig. 3. Assembly drawing (a) and working section (b) of gasification
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Fig. 4. Dependence of the ratio of key gas components for the synthesis reaction on the volume of
blowing air enriched with oxygen

Table 1. Title of table in English

Component Rubber, %
H> 12,59
N> 56,74
CO 2,49
CH4 11,65
CO> 6,00
H>S 1,22
CoH4 4,73
CoH2 0,35
CoHs 1,25
CsHs 0,01
CsHs 0,53
iC4H1o 0,42
nC4H1o 0,23
iCsH1o 0,01
neo Cs 0,00
H>O 1,78

Lower heating value 9804 kJ/m?

Conclusions

The developed technological solutions involve the use of a periodic gas generator, in which the
reverse gasification process is implemented. The results of the research concluded that ehis
technology can be used both to obtain electrical energy with indicators close to existing installations
on traditional fuel and to obtain generator gas as a raw material for the chemical industry.
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AHoTanis

VY mocnmiKeHH] po3TIISIAal0ThCS TEXHOIOT11, 3aCHOBaH1 Ha ra3udikallii MiCIleBUX BHIIB MTaJINBa,
IUTSL PO3BUTKY BUKOPHCTAHHS BiIHOBIIIOBAHOI €HEPrii, IO MATPUMYE TTI00abHI Ta €BPONEHCHKI
ILJT1 1010 30UTBIIEHHS CIIOKUBAHHS BiJHOBIIOBaHO1 eHeprii 10 40-45% mo 2030 poky. Biguin
TEXHOJIOTIi albTepHATUBHUX BHJIIB NaJIMBa ['a30BOro iHCTUTYTY YKpaiHu po3po0Jisie 1Bi KIIOUOBI
TEXHOJIOT1i: BUPOOHUIITBO €JIEKTPOEHEPTii 3 BUKOPUCTAHHIM I€HEpaTOPHOTO ra3y B MOPIIHEBUX
€JIEKTPOCTAHIISAX Ta BAPOOHUIITBO CHHTE3-Ta3y JUIsl XIMIYHOTO 3acTOCYBaHHA. TecToBo-
MIPOMHUCIIOBA YCTaHOBKA MpojaeMoHcTpyBaia enekrpuanuii KK/ 22-24% npu poOoTi Ha TakoMy
NaJIMBI, SIK A€pEeBHA Tpicka, Oype BYriuis Ta rpaHyiy 3 JTyLINUHHS COHSAIIHUKY. PiBHI Bukuais (CO
ta NOX) Binnosinanu abo nepesuirysanu cragaaptu EURO-5, ane nemo nocrynanucs EURO-6.
Hapasi npoxoauts BUNpoOyBaHHS MPOMHUCIIOBA CHCTEMA MOTYXHICTIO 75 KBT. ¥V apyriii ramysi
JOCIIHKEHHST KOMaH/a ONTUMI3yBaia yMoBH razudikarii (850-950°C) mist oTpuMaHHs CUHTE3-Ta3y
31 cmiBBigHOMmEHHIM [H2]:[CO], 6mm3pkum 10 2:1. EkciepuMeHTH 3 pi3HOMaHITHUMU
BYTJICIIEBMICHUMH MaTepiajaMu, BKIIOYAI0YH I'yMy 3 BUKOPUCTAHHX IIWH, TOKa3aJIy MOTSHIIA JUIs
BHUPOOHUIITBA BUCOKOKAJIOPIHHOTO Ta3y Ta yTuiizamii BigxomiB. ['a3udikamis rymu gana ras 3
HIDKYOIO TEIUIOTBOPHOIO 37aTHICTIO 9804 k/[)k/M? Ta KOKCOBUI 3aJIMIIOK 3 85% BMICTOM BYTJIEIIIO.
L1i pe3ynbTaTH MiAKPECTIOIOTh YHIBEPCAIbHICTh TEXHOJOT1T ra3udikamii 1 BUpoOHUITBA
eJIEKTPOCHEPTii Ta CHPOBUHU JUISI XIMIYHOI MPOMUCTIOBOCTI. Po3po0iieHi pilieHHs! 1eMOHCTPYIOTh
MO>KJIMBICTh 3aMiHH TPAIUIIHHUX BU/IIB MTATMBA €KOJOTIYHO YUCTUMHU albTePHATHBAMM, IO CIIPHSIE
SK eHepreTUYHii 6e3meli, Tak i 3aXUCTy HaBKOJIHMITHHOT'O CEPEIOBHILA.

Kmouogi ciioBa: razudikariisi, 6ionainBo, BiJHOBIIOBaHI PECYPCH, CHHTE3-Ta3.
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