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IlepcriekTrBu Po3BurKy BogHeBoi EHepreTmnknu
B YKpaiHi

2Mapisn JIonywanceka, JTroomuaa LHueanox, 2Hamanin PeByyvka, *Oavea Bepeyn
TAcoriarisg npodecionasis noskiwit «PAEW»
2T'pomaicbka opranisaris «KiHounr enepreTrunmi Ky Ykpaiam»

3BimoKpeMJIeHNV CTPYKTYPHUI MiIpo3aiT « TeXHiKo-eKOHOMIUHMI haxoBuit

Kostemk HarionasibHoro yHiBepcurety "J1bBiBchbKa ITosiTexHika"

E-mail: mariialopushanska@gmail.com

Beryn

3 KOXHMM pOKOM  aKTMBHiIlle  OOrOBOpPIOETbCA — KIiMaTWYHa
HeUTpalbHICTh Ta AeKapOoHi3allis IpoMMCIOBOCTI He JIMIIIe Y CBiTi, a 11 B YKpaiHi.
IMompyt 3HAYHI IOIIKOIKEHHS CIIpUYMHEH] BiltHOIO, YKpaiHa Mae amOiTHI mimi y
PO3BUTKY BOOHEBOI eHepreTMKM, 30KpeMa, i3 3acTOCYyBaHHSM TEeXHOJIOTIV I
BUPOOHMIITBA «3€JIEHOT0» BOMHIO. «3eJIeHUV» BOHEHb € OHMM i3 HaveKOJIOTigHmIX
cr10co06iB BUpOOHMIITBA BOMIHIO i TIOJISATAE Y €IeKTPOIIi3i BOMIM, a eJleKTpOoeHepris, 1o
BUKOPWCTYBAaMEThCS IIOBMHHA OyTWM 3reHepOBaHOIO 3 BiTHOBIIIOBAHMX [DKeper
eHepril.

Buxkianm marepiany

Y 2021 pomi B Ykpaini Oyio Ipe3eHTOBaHO KIIOYOBi BEKTOPU PyXy Yy
HaIIpsIMi BOAHEBOI eHepreTHKM, IpoTe depe3 BillHy [oBeslocd ajanTyBaTu X OO
BUKJIMKIB cporofeHHs. Tak, y 2024 p. Oyrno mperncrasieHO IIPOeKT Bommesoi
crpaterii Yxpaiau nmo 2050 p. Crpaterisi Bu3Hadae IOCSTHEHHS BUPOOHMIITBA
HU3bKOBYIJIeieBoro BogHio 1o 1,3 mym T y 2035 p. Ta go 3,0 mun T y 2050 p.,
3aJIeXKHO Bif] 00CATiB €KCIIOPTY Ta BHYTpPIITHBOTO ITonmTy. [loTeHItian BupobHMIITBA
BITHOBJIFOBAHOT'O BOOHIO I YKpaiHu cTaHoBUTB 44,957 miH T. Ha TepuropianbHi
Bogu mnpunamae 19,468 miun T (43% Bim Bchoro morenmiany). HarnOinbrmmm
IIOTeHITiaJT  BUPOOHMIITBA  BiMHOBIIIOBAHOTO BOOHIO € y  3alopi3bKin,
Huinponerposceking, oHenpkit, JlyraHcekin, XapkiBcbkill, XepcoHCBKiI Ta
Kiposorpazcekin obmacTsx.

INepcniekTMBHMM € BUKOPUCTaHHSA BOAHIO SIK [IJIS €KCIIOPTY — IIOCTadYaHHs

y €Bpory udepes mpoekToBaHU LleHTpaTbHOEBPONeVICEKIVE BOTHEBUI KOPUIOP,
TaK i IS BIAacHMX TOTped BcepenmHi KpaiHm. s BHYTpimIHiIX moTpe® MOXXHa
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BUKOPVICTOBYBaTW HW3BKOBYITICLIEBMII Ta BiJHOBJIIOBAaHWUW BOOEHb 3aMiCTb
NPUPOAHOTO Ta3y ig BUpoOHMIITBa eslekTpoeHeril. Ille ommu HampsMm - Iie
BUKOPVICTAaHHS BOJHIO B CUCTeMi TeIUIOIIOCTadaHHSA. MOoXJIMBe BUKOPWMCTaHHS
BOIHIO 200 710r0 CyMimIi i3 IpUpOOHMM ra3oM K HajvBa ISl IeHTpaIi30BaHOTO
BOZIOIIOCTaYaHHS Ta OIaJleHHs, abo JIOKaJIbHOTO BMPOOHMIITBA TeIIOBOI eHperii.
IlepcrieTBHMM € BUKOPUCTAHHS BOOHIO Ha TPAHCIIOPTi: BOTHEBMX aBTOMOOIIISX,
rpoMajiCbKOMY, 3aJli3HMYHOMY, BOOHOMY Ta IIOBiTpsSsHOMyTpaHcompToM. Ilpore

Hapasi JaHMV HaIIpsM ITOTpeOye OUIBII 1eTaIbHIINIOrO BUBYEHHS.

Ille ommMM HaANpPsIMOM € BUKOPWUCTAHHS BOAHIO B IIPOMVICIIOBOCTI:
MeTaJIyTil, IleMeHTHil, XiMi4HilI TpOMMCIIOBOCTi, BMPOOHMIITBI MeTaHOTy. BomeHs
MOXe OyTw IIepCIIeKTMBHVIM [DKepesjloM VIS JeKapOownisarlii cekropy. 3rigHo 3
OOCIIIXXeHHAM MiXHapoOoHOIo eHepreTM4YHOIO areHTCTBa, IOJaJIbIINI PO3BUTOK
BOIHEBOI eHepreTVKM B YKpaiHi Mae BimOyBaTmcs 3 ypaxyBaHHAM OaraTbox

CKJIZIOBMX, IIIO BUXOISITH 32 MeXi TeXHI9HOTO MOTeHIIiaTy BMpOOHMIITBA.

Ilo-meprie, HW3BKOBYIJIEIleBe BOAHEBe BUPOOHMIITBO Mae OyTu
€KOHOMiUHO OOIpYHTOBaHMM 3a YMOB BMCOKOI BapTOCTi Kamitaity. PiBeHb 3BakeHOT
cepeqHBOI BapTOCTi KamiTasy B YKpaiHi Moxe csiratit 25%, 1110 iCTOTHO BIUIMBaE Ha
piBeHB COOiBapTOCTI BOOHIO TMOPIBHAHO 3 IHIMMMM €BPOIEVICBKUMM PUHKaMY,
3okpema Himeuunnoro. e mMoxe mipgsuinmry coOiBapTiCTh «3€JIEHOT0» BOIHIO 3
$5,1/xr mo $8/xr. ITo-npyre, po3sBUTOK BOAHEBOI Tajly3i Mae BpaxoByBaTHU
MaKpOeKOHOMIiUHe cepenopuine: HamiHHsS o0carise BBII, Bucoky indiramiro,
3MeHIIIeHHs YMCeTbHOCTI Ta KBalidikariii pobouol cuymm. 3oKpeMa, Opak iHXkeHepiB
Ta TeXHIYHOTO IIepCOHATy MOXKe OOMEeXWTV IIBUAKICTh peastisariil mpoekTiB. OmHmM
i3 pe3epBiB WIS TIONOJIAHHS KaZpoBOoro AedillnTy € aKTMBHe 3aJIy4eHHS XiHOK J0
npodeciit y cdepi BomHeBOI eHepreTUKM, 30KpeMa B Haylli, iFkeHepil Ta TeXHiuHMX
crietiiasibHOCTSIX. ITo-TpeTe, akTyaJIlbHUMM € NUTaHHS iHTerpauil BOOHIO B iCHyIO4y
rasoBy iHdpacTpyKTypy. YKpaiHa BOJIOfi€ 3HAUHMMM ITiI3eMHVMY Ta30CXOBUIIIAMU
(monan 30 myrpa M%) Ta eKCIOPTHMMM TTOTYXXKHOCTSIMY, IIIO MOXYTh OyTM YacTKOBO
IepeoOJanHaHi I TpaHCIOPTyBaHHSA BOAHIO. KOpoTKOCTpOKOBi 3axomm MaroThb
CIIPUIATY. PO3BUTKY BiIHOBJIIOBAHOI €HEePreTUKM sK IepedyMOBU I II0JaJIbIIoT
retepanii BogHio. lle 3HM3UTH pPUBUMKM IS iHBeCTOpiB, a TaKOX JO3BOJIUTH
edpexTMBHIIIe ITTaHyBaTV PO30yI0BY IIOBHOTO JIaHITIOTa BMPOOHMIITBA, 30epiraHH:
Ta TPaHCIIOPTYBaHH:A BONHIO. YpaxyBaHHs HaBe[eHMX acIleKTiB JI03BOJIUTL He
nmile edpeKTHUBHillle peasli3oByBaTy MOTeHITiaJI YKpaiHM SIK eKCIIopTepa «3eJIeHOro»
BOIHIO, ajle VI CTBOPUTW BHYTpIIIHI PUHOK, IO HiOTpUMYyBaTHMe eHepreTUdHY
Oe3nexy Ta gexapOOHi3aIlifo IIPOMVICIIOBOCTI.

BucHoBkm

B VkpaiHi po3BUTOK BOIHEBOI €HepreTUKN € OOHMM i3 BaXJIMBUX
HaOpsMiB [JeKapTOHi3allil Ta KIIMaTWYHOI HeWUTPaJIbHOCTI IIPOMMCIIOBOCTI,

€HepreTVKI Ta TPaHCIIOPTY.
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Prospects for the Use of Renewable Fuels
in Power Infrastructure

Viktor Denysov
General Energy Institute of National Academy of Sciences of Ukraine

E-mail: visedp@gmail.com

Introduction

In the context of global energy and environmental challenges,
considerable attention is paid to the optimal use of fuel resources. Advances in
technology, stricter environmental regulations and a desire to reduce dependence
on fossil fuels are shaping new trends in this area. Fossil fuels, including coal, oil
and natural gas, have been used as priority energy sources for more than 150 years
and currently provide about 80 percent of the world's energy needs. At the same
time, they are the main sources of environmental pollution. Fossil fuels are a non-
renewable source of energy and have a negative impact on the environment. About
75% of fossil fuels are used for heating and energy generation, 20% as fuel, and the
remaining is used to produce chemicals and materials. In order to ensure
sustainable development, new technologies and renewable resources are being
sought due to the rapid development of industrialization. The concept of replacing
fossil fuels with renewable energy sources is especially relevant due to the increase
in the concentration of greenhouse gases in the atmosphere as a result of the use of
fossil fuels. The transition to renewable energy sources is also becoming a priority
due to the depletion of fossil fuel reserves. Thus, while oil, natural gas and coal
remain the main traditional fuels, their use faces limitations and challenges.

Main material

Promising alternative fuels. The alternative fuels listed below are
becoming more and more environmentally preferable and economically
competitive due to the development of their production technologies and the fairly
widespread use of supporting government legislation.

Biofuels. Bioethanol and biodiesel are widely used in the transport sector.
Hydrogen fuel. Green hydrogen (from renewable energy sources) is a
very fashionable and popular direction, the development of which, with existing

technologies, is constrained by high production costs. Blue and grey hydrogen
(from natural gas) are the prevailing technologies at the moment.
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Synthetic and carbon-neutral fuels. One of the most promising trends in
the fields of aviation and shipping is the production and use of synthetic liquid
fuels based on captured CO2 and hydrogen.

Use of electricity as a substitute for liquid and gaseous fuels. One of the
main drivers of declining demand for traditional fuels in transport is the growing
popularity of electric vehicles.

The rapid development of battery technology and charging infrastructure
is significantly contributing to the development of this area.

Promising technologies.
-~ Hybrid Fuel Systems
-~ Hydrogen Fuel Use: Technological Challenges and Prospects
— Development of Power-to-X technologies (synthetic fuels from RES)
— Modernization of thermal power plants for biofuels and hydrogen

Hydrogen Fuel Use: Technological Challenges and Prospects. At the present
stage, hydrogen fuel is considered as one of the key solutions for the
decarbonization of transport, energy and industry. It has a high energy density,
does not produce CO2 when burned. However, its large-scale implementation faces
a number of technological, economic and infrastructural challenges.

Conclusions

Renewable fuels are becoming an important part of the global energy
transition. Their development depends on technological progress, investment and
public policy. In the coming decades, their role in the energy sector will only grow,
ensuring a balance between environmental sustainability and energy security. The
global transition to low-carbon energy requires the large-scale development of
renewable fuels. The most important areas include power-to-X technologies,
hydrogen economy, modernization of thermal power plants and integration with
renewable energy sources. These trends are shaping the future of energy, reducing
dependence on fossil fuels and the carbon footprint. The prospects for the use of
renewable fuels are directly related to the development of new technologies and the
modernization of existing energy infrastructure. Power-to-X, hydrogen economy,
modernization of thermal power plants and integration of renewable energy
sources are shaping the future of carbon-neutral energy. In the next 10-20 years, we
can expect: the successful introduction of green hydrogen, the development of the
global market for synthetic fuels, the transition of thermal power plants to low-
carbon technologies, the formation of hybrid energy systems. The future of energy
lies in integrated solutions that combine renewable energy sources, innovative fuels
and intelligent energy management systems.
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Second-Life EV Batteries as a Sustainable Alternative
to Diesel Generators for Backup Power in Critical
Infrastructure

Ganna Kostenko
General Energy Institute of the National Academy of Sciences Ukraine

E-mail: Kostenko HP@nas.gov.ua

Introduction

In the context of increasing threats to energy security, the resilience of
critical infrastructure depends on the ability to ensure stable backup power supply
during outages. Traditionally, diesel generators have served this function, but they
entail high operational costs, CO2 emissions, and dependence on fossil fuel logistics.
Second-life batteries (SLBs), repurposed from retired electric vehicles, offer a
promising, sustainable alternative. Their reuse aligns with circular economy
principles, reduces environmental impact, and supports the transition to
decentralized and low-carbon energy systems as well as with the EU’s goals for
energy decarbonization, resilience, and independence from fossil fuel supply chains

Main material

SLBs are suitable for stationary applications due to their residual capacity
and lower cost. Their integration into microgrids for hospitals, water systems, and
emergency communications centers enables near-instant response (<1 second),
silent operation, and compatibility with solar and wind generation. Unlike diesel
generators, SLBs do not require constant maintenance and generate no on-site
emissions.

The deployment of SLBs as backup systems can be organized through
clustering and load-matching algorithms, based on parameters such as residual
capacity, power demand, risk of grid failure, and priority of protected loads. Such
deployment enhances grid flexibility and enables autonomous zones of resilience.
Moreover, their modularity and scalability make SLBs particularly suitable for
phased deployment in critical infrastructure, allowing gradual expansion in line
with evolving energy needs and budgetary constraints. A comparison between
diesel generators and SLBs for backup applications is shown in Tab. 1 below.
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Table 1

Estimation of Cost, Energy and Environmental Benefits of Backup Power Solutions

Parameter Diesel Generators Second-Life Batteries
Capacity /Power (kWh/kW) - 80
Efficiency (%) 30 85
Backup Duration (hours) 10 6
Response Time (seconds) 10 <1
Cycle Durability (cycles) - 500-1000
Equipment Cost (2/unit) 40000 80000
Operational Costs (2/ year) 60668 25000
CO2 Emissions (g/kWh) 480-500 0
Lifespan (years) 5 5
Electricity Cost (2/kWh) 221 55

According to the data, SLBs demonstrate significant advantages in terms
of efficiency (85% vs. 30%), response time (<1 second vs. 10 seconds), zero
operational CO. emissions, and much lower electricity costs (25.5/kWh wvs.
222.1/kWh). Annual operational expenses are also considerably lower for batteries
(825,000 vs. 260,668), although initial equipment costs may be higher. Diesel
generators provide slightly longer backup duration (10 hours vs. 6), but this
depends on the specific configuration and sizing of the storage system.

Second-life batteries exhibit partial degradation due to their previous use
in electric transport; however, with appropriate diagnostics and classification, they
remain suitable for stationary applications. By clustering batteries with similar
state-of-health profiles and matching them to specific load requirements, systems
can be designed to optimize performance, ensure reliability, and extend the useful
lifespan of each unit. Such an approach supports modular scalability and enables
more efficient integration into diverse critical infrastructure settings.

Overall, SLBs offer a cleaner, more efficient, and potentially long-lasting
solution for autonomous power supply—particularly relevant in the context of
decarbonization and the need for energy-resilient infrastructure in emergency and

transition scenarios.
Conclusions

Second-life batteries represent a viable and sustainable alternative to
diesel generators for backup power in critical infrastructure. They offer lower
operational costs, higher efficiency, faster response time, and zero on-site emissions.
Their deployment contributes to greater energy resilience and supports the
transition to low-carbon, decentralized energy systems.
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Introduction

The energy security and environmental safety shape the feasibility,
adoption, and long-term sustainability of energy materials, influencing decisions
across industries, governments, and societies. We will break this down by defining
each factor, examining their interplay with traditional and alternative options, and
highlighting specific examples and trade-offs.

Main material

Energy security refers to the uninterrupted availability of energy
resources at an affordable price, ensuring reliable supply chains, geopolitical
stability, and resilience against disruptions (e.g., wars, natural disasters, market
volatility). Traditional fuels like gasoline, diesel, and kerosene, along with
petroleum-based lubricants, benefit from a global network of extraction, refining,
and distribution systems built over a century. For example, in 2025, oil still powers
~80% of global transport (per IEA estimates), reflecting its entrenched reliability.
Fossil fuels deliver concentrated energy (e.g., gasoline at ~34 MJ/L), making them
efficient for long-range transport and heavy machinery, bolstering industrial
security. On the other hand, dependence on oil-rich regions (e.g., Middle East,
Russia) exposes nations to supply risks. The 2022 Russia-Ukraine conflict spiked oil
prices to $120/barrel, disrupting European energy security. Natural disasters (e.g.,
hurricanes in the Gulf of Mexico) or sabotage (e.g., pipeline attacks) can halt supply,
as seen with the 2021 Colonial Pipeline shutdown in the US. Petroleum-based
lubricants (e.g., motor oils) share these traits, with secure supply chains but reliance
on crude oil, tying their fate to fuel markets. Alternatives like biofuels (from local
biomass), hydrogen (from water), or synthetic fuels (from CO») reduce reliance on
imported fossil fuels. Unlike finite oil, biofuels and green hydrogen leverage
renewable inputs, offering long-term supply stability if scaled effectively. On the
other hand, alternatives often lack the volume to replace fossil fuels fully. Global
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biofuel production in 2024 (~160 billion liters, IEA) meets only ~7% of transport fuel
demand. Hydrogen and electric vehicles (EVs) require new refueling/charging
networks —global hydrogen stations numbered just ~1,000 in 2025 vs. 115,000 gas
stations in the US alone. Biofuel feedstocks (e.g., corn, soy) compete with food
production, risking energy-food security trade-offs, as seen in the 2007-08 global
food price crisis tied to ethanol demand. Bio-lubricants (e.g., from vegetable oils) or
synthetic options (e.g., esters) reduce oil dependence but face similar scale and
compatibility issues with high-performance machinery. Traditional fuels offer
immediate security but long-term depletion risks; alternatives promise resilience
but require massive upfront investment. A balanced approach—e.g.,, hybrid
systems using diesel-biofuel blends—can bridge the gap. Environmental safety
involves minimizing harm to ecosystems, air, water, and climate through reduced
emissions, pollution, and waste from energy material production, use, and disposal.
Bio-lubricants (e.g., from canola oil) break down naturally, reducing soil/water
contamination risks compared to petroleum oils. Synthetic and bio-based lubricants
cut emissions during use but may involve energy-intensive production or non-
recyclable components (e.g., PFAS in some synthetics). Traditional fuels pose
immediate, severe environmental risks but are well-understood; alternatives offer
cleaner use-phase outcomes but shift burdens to production or disposal, requiring
lifecycle management. Localized alternative fuel production (e.g., biofuels from
waste) reduces import reliance and emissions simultaneously, as in Sweden’s SAF
model. Cleaner air and reduced climate risks (e.g., from EV adoption) stabilize
economies, indirectly securing energy access by avoiding resource conflicts. High-
energy-density fossil fuels ensure short-term reliability but undermine
environmental safety (e.g., coal power in China meets demand but emits 10
GtCO»/year). Biofuels may cut emissions but strain land/water resources, risking
food security. But rapid shifts to alternatives (e.g., hydrogen) could disrupt supply
chains before infrastructure matures, trading short-term security for long-term
environmental gains.

Conclusions

Energy security and environmental safety are twin pillars in the rational
use of fuels and lubricants. Traditional options excel in immediate availability but
falter on sustainability, while alternatives promise resilience and cleanliness yet
demand systemic overhaul. Their roles are context-dependent—security drives
adoption in resource-scarce regions, while safety dominates in climate-focused
policies. A nuanced approach, blending both factors via phased transitions and
innovation, is key to optimizing outcomes.
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Beryn

Y cydacHmx ymoBax eHepreTMYHOI HeCTaOUIPHOCTI Ta eKOJIOTiuHMX
BUKI/IVIKIB, CIPVYVHEHMX 4K IJIOOQJIbHWMMM TEHAEHIiAMM, TaK i perioHaJbHMMMI
daxkTopamyu, MopdepHizallii CHUCTeM CHaIOBaHHA Ma3yTy Ha  TeIIOBUX
enektpocraHiliax (TEC) ta temnoenekrporentpansx (TEL) maOysae ocobmisoi
aKTyasibHOCTi. MasyT, sIK pesepBHe IajMBO, 3aJIMIIAE€THCS BaXJIMBUM eJIeMeHTOM
MaJIMBHOI THYYKOCTi eHeprocucreM, ocoO/MMBO B yMoBax AedillUTy IIPUPOIHOrO
rasy 4m ByTULIA. BogHOYAC 110T0 BUKOPMCTaHHS CYIIPOBOIKYETBCS PAIOM IIpobieM:
BUCOKMMM BUKMaaMu okcufis asoty (NO,), cipkm (SO:), TBepamx 4YacTMHOK, a
TaKkoXX HMU3BKMM KoedillieHTOM KOPWMCHOTO BMKOPUCTaHHS HajuBa. Tomy
aKTyaJIbHUM € BIIPOBaJ)KeHHsI TeXHIYHMX pillleHb, CIIPsSMOBaHMX Ha IIiABUIIEHHS
eHeproedeKTUBHOCTI Ta eKOJIOTIYHOCTI ITPOIIeciB CalfoBaHHS MasyTy.

OcHOBHMI MaTepian

binpiricTe HasIBHUX Ma3yTOCHaIIOBaIbHMX CHUCTEM, 10
BuxopmcroBytorbest Ha TEC i TELL Ykpainm, Oy po3poOreHi Ta 3MOHTOBaHI B
ceperuHi abo mpyrit monoBuHI XX CTOMTTS. IX KOHCTpyKIis He Bimmosimae
Cy4acHMM BWMOIaM INOAO eKOJIOTiYHOI Oe3reKy Ta HMajIMBHOI edeKTMBHOCTL. Y
TpaguiivHMX (OPCYHKOBUX HaIbHMKax Ma3yT IIOJA€ThCsl B TOMKY Yy BUITIALI
aepo30JIbHOI cyMimi, mo notpebye mifirpisy Ao sucokoi Temmnepatypu (110-130 °C)
Ta 3HAYHOTO HAUIMINKYy HOBiTpsa. Lle mpu3BommTe [0 HecTaOUTBHOCTI TOpiHHS,
30itpIrenHs yTBOpeHHs NO, i HeITOBHOTO 3rOpaHHS ByIJIEBOIHIB.

Huspkmit  KoedillieHT TeIUIOBOrO  BUKOPWUCTAaHHS MasyTy  4acTo
3YMOBJIGHUVI  IIOraHOK  SKICTIO  PO3IWIEHHS, 3acTapulMMy  IIaJbHUKaMV,
HepiBHOMIpHMM pO3HOAUIOM IOBITPsl B TOIIi, a TaKOX HeJOCKOHAJICTIO CHUCTeM

ABTOMAaTMYHOI'O PETYJIFOBaHHS1 I‘OpiHHSI.
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CyuacHi mifgxomm mo MopepHisallil Ilepe0avyaroTs He JIVIIIE OHOBJICHHS
MaJIbBHMKOBUX IIPUCTPOIB, ajle ¥ IIMOOKy PeKOHCTPYKINIO TOIKOBUX KaMep,
BIIOCKOHA&JIEHH: CMCTeM IIiITOTOBKM IIajIvBa, a TAKOX iHTerpaliilo aBToMaTU30BaHX
CUCTeM KOHTPOJIIO Ta PeTyJIIOBaHHS IIpoliecy TopiHHs. OCHOBHVMIMM HaIpsiMaMU

TeXHIYHOTO BIOCKOHAaJICHH: €:

J YcraHOoBIeHHsT HM3BKOEMIicCiTHMX (POPCYHOK: [I03BOJISE 3HAYHO
3MEHIINUTM yTBOPEHHS OKCW/IIB a30Ty 3a PaxXyHOK 0araToCTYIIEHEBOTO ITiIBEIeHHS
HOBITpPS Ta cTabirisartii dpakera sropaHHS.

. InTeHcndikarlisi  mepemimryBaHHA  MasyTy 3 HOBIiTpAM:
BUKOPUCTaHHS TypOyrmi3aTopiB i BTOPMHHOIO TOBITpS CHOpMSE IIOBHIIIOMY

3ropaHHIO I1aJIViBa Ta 3SMEHIIIEHHIO HeJTOoTIaJTiB.

. IHTerpariis TexHosIOrii JOIIa/IIOBaHHA Ma3yTy Yy BUMXJIOMHMX
rasax: Taka TEeXHOJIOTiS IO3BOJISE€ MiNBUINNTM TaJIMBHY e(deKTMBHICTh IIUISIXOM
yTWIi3allil 3a/IMIITKOBOI TeIUIOTH 11 3a0e3I1euye IOIaIFOBaHHS HE3TOPUIMX YaCTMHOK.

o MopepHnisanis cucTeM migirpiBy MasyTy: cyJacHi
TEIUTOOOMIHHWKI Ta CHUCTEMW KepyBaHHS TeMIIepaTyPHIM PeXVMOM I03BOJISIOTh
TOYHO MiATPMMYyBaTM ONTMMAaJIbHI yYMOBM I PO3IWIeHHsS MasyTy 0Oe3

HaUIVILIKOBOI'O HidirpiBy.

. IlepeobnagHaHHA  TONKOBMX KaMep 3  BUKOPMUCTAaHHAM
OUpKyaooodoro kumwptdoro mapy (IIKIID): xowua I TexHOJIOTIS IlepeBaXkHO
3aCTOCOBYETHCS I TBEPIOTO ITajIviBa, BOHA MOXKe OyTM afaliToBaHa [IjIs 3MIIIaHoTro
CIIaJTIOBAHHS Mas3yTy 3 BixomaMu, OionammsoM ab0 HM3PKOCOPTHVIM BYTiUTAM.

BripoBamkeHHsT MOTIepHi30BaHMX CHCTEM CIIQJTIOBAHHS TO3BOJISAE€ 3HU3UTH
BUKMAM OKcmaiB asory mo 40-60%, a B peskmx Bumagkax — g0 80% mpu
BUKOPWCTaHHI ceJIeKTMBHMX HeKaTamiTmuumx pemykiinn (SNCR). Buxkwumnm cipkm
MOXYTb OyTw 3MeHIIIeHi NUISIXOM YacTKOBOTO IIepexoly Ha Ma3yT 3 HVDKYUM

BMiCTOM cipknt abo BIIpOBaI)KEHHSI CUCTEM JieCy by pr3aliii IMMOBMX ras3iB.
BucaoBKM1

Mopepmiszaniss  cuctem cmamosaHHa MasyTty Ha TEC i TEL] e
CTpaTeriyHMM HaOpsSIMOM [T 3a0e3IleUeHHsI eHepreTMYHOI THYYKOCTI Ta
3MeHIIIeHHd TexXHOTeHHOro HaBaHTaXXeHHd Ha moBKiuia. CyuacHi TexHiuHi
pillleHHST — Bif MOIepHi3allil POPCYHOK IO KOMIUIEKCHOI PEKOHCTPYKIIiT TOITKOBYIX
KaMep — [O3BOJISIOTH ICTOTHO IIABMINUTY edeKTUBHICTb 3rOpaHHS, 3HU3UTHU
piBeHDb IIKiIMBYX BUKW/IIB i 3a0e3rmeunTyt BiIOBIIHICTE Cy4acHMM eKOJIOriYHUM
HOpMaM. YpaxoByOuM BaXXIMBICTb MasyTy 4K pe3epBHOIO MajlBa, MOHaJIbIINIA
PO3BUTOK Ta BIIPOBajKeHHSI IHHOBALIIHIX TeXHOJIOIIN CIIaIfOBaHHS € KIII0YOBVM
3aBIaHHSM IS BITUM3HSIHOL eHepreTUKIAL.
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Beryn

s peartisariil 1iyIevt CTajIoro Po3BUTKY BUPOOHMUMX CUICTEM HEOOXiTHO
3a0e3meunTVt MiABUINEHHS PiBHA eHeproedeKTMBHOCTI BUPOOHWUIMX CHUCTEM.
Bupinrenss 3amadi BsHaueHHS piBHA eHeproedeKTMBHOCTI JO3BOIUTD IIPOCTVIM Ta
3pyYHMM CIIOCOOOM 3 MiHIMaJIPHMMM BUTpaTaMy KOIITiB Ta PoOOYOro Hacy
BI3HAYNTY IOTeHITiajl eHepro3oepeXxeHHs BUPOOHMIOT CVICTeMM, CITiBCTaBUTH TIOTO
piBeHb eHeproedeKTMBHOCTI 3 piBHeM eHeproedeKTIMBHOCTI aHaJIOTiYHMX
MiAIIPUEMCTB Taly3i, IiAIPUEMCTBAMM iHIIVIX rajly3eV, 3pasKOBUMM BiTUM3HAHVIMI

Ta 3aKOPIOHHVMM MiIITPYEMCTBAMM.
OcHoBHMUI MaTepian

3 MeToI0 HiIBUIlleHHs! piBHS eHeproedeKTUBHOCTI 3a KOPAOHOM IIMpPOKe
PO3IIOBCIOIKEHHS OTpVMasla KOHIIeTIlis OeHUMapKiHTy eHeproedeKTMBHOCTI, sIKa
HOJIsATaEe B HNOIIVPEHHI IepejoBOro JOCBiy.

Ocnosna Meta cra"gapry JACTY EN 16231:2017 Metomosoris
Oerumapkinry eHepretmuHoi edextmBHOCTI (EN 16231:2012, IDT) wnHamaTn
opraHisarnism MeToposIorifo  300py Ta  aHadi3yBaHHIO  HaHMX 3
€HeproBUKOPVCTaHHS IS NOPiBHSIHHS pPiBHIB eHepreTMYHOI edeKTMBHOCTI MiX

00’exTammt abo B MeXXax OTHOTO 00’ eKTy.

benumapkiHr - mporiec 300py, aHaJIi3yBaHHS Ta CIIiBCTaBJIEHHS HaHMX O
pe3yJIbTaTVBHOCTI IOPIBHSHMX BUIIB [OiSJIBHOCTI 3 MeTOI0 OILiHIOBaHHA Ta

OPiBHSIHHS Pe3ysIbTaTiB Mk 00’ eKTaMm, abo BcepenmHi 00’ eKTy.

BusHaueHHS BeMUMHM piBHSA eHeproedeKTMBHOCTI € CBOEPITHOIO
3a7javer0 BU3HAUeHHsS PeVTMHIOBOI OLIHKM ImianpueMmcrsa. Ha TemepimmHin dac
icHye 0arato MeTOMiB PEeVTMHIOBOTO OIIiHIOBaHHS OO €KTiB: MeTon "cepemHix',
OaraTokpuTepiajlbHe MaXkOpUTapHe paHXyBaHHS, IpaBwIo bopma, mpaswmiIo

Hewncona, mpaswio Kongopce, rmpasito MakcuMi.



mailto:info@ienergy.kyiv.ua

3micmobre hopmyaoBanns 3a0aui perimuneoboeo oyintoBanna besununu pibHa
enepeoepexmubBrocmi. Hexam mocmimKyBaHa CKIafgHa CHCTeMa MiCTUTh CKiHUeHY
MHOXMHY BMPOOHMYNMX INACKCTeM, IO Pi3HATBCA CBOIMU  BJIACTMBOCTSIMU,
xapakTepucTrkamy, Irssmm. OcobmBicTh 3aadi OIliHIOBaHHS PiBHS eHepreTUYHOI
edeKTVBHOCTI ITI0JIATa€ B HAasBHOCTI BJIIACTMBOCTEV, TIOKA3HMKI SIKMX MOXYTb OyTi
Oe3nocepenHbO 0OMipIOBaHi, 00UMCIIeH] UM BU3HaYeH] Mil yac aHasi3yBaHHA hopM
IepXaBHOI 3BiTHOCTI. OIHAK 3a YMOB CKJIQTHOCTI, iHpOopMaIIiTHOI HeBM3HAUEHOCT,
HeBU3HaUYeHVMM OIliHKaMM, II0 He MOXKe BUKOHATM JIIOAMHa Ha OCHOBi IIOCBify,
iHTYilii, BWHMKaE HeOOXigHICTE B po3poleHHI (OpPMaTBHMX IPOIEAypP
OIIiHIOBaHHS, SIKi O IMiABMINyBaIM piBeHb SIKOCTi BUPpIlIeHH: 3a/1adi perTHHIOBOIO

OIL[iHIOBaHHS.
Mamemamuune opmyatobanna 3a0aui. Hexam pociipkyBaHa cucTeMa

CKJIIQJIA€ThCI 31 CKiHYeHHOI MHOXWHU 1l 0 BUPOOHUYNX CHUCTEM 1l ;s
I, =\l i=1,m{. Koxuwmi BUpPOOHMYA cucTeMa 1 11 XapakKTepmsye
0 i > i 0
cxinueny muoxuny 11, moxasmuxis 11 ., I1, =11 J =1,n{. 3i cpopmosaroi
0 Jj? 0 J s
IrpyIy IIOKa3HMKIB Eo , BUKOPMCTOBYIOTb IS pal’KyBaHH:d HaVIBIUIMBOBIIII, Ha

k= 1,[ } KoxHmit noxasHUK

nymMKy excriepri moxkasemku E, , E L E = {E .

E B E o HiJTa€ThCS aHaIi3Y IT0 BiTHOIIEHHIO 10 BCiX BMPOOHMYMX CUCTEM.

By):u)—sn(a BT/IPOGHI/I‘Ia CncTeMa XapaKTepU3yeTbCs IIEBHOKO CHCTEMOIO

€HeproeKOHOMIUHMX IHAMKaTOpiB.

Busnauenns odunuunux nokasnuxif. KoxeH 3 MeTOHiB BU3HAYeHHS
PeNTMHIOBOI OLIIHKM IiOIIpMeEMCTBa BiOpi3HSETbCS HacaMIilepeq, ITIOKasHMKaMM 3a
AKUMM TIOPiBHIOIOTBCS MiANpPUEMCTBA. DBu3HaueHHd IIOKasHUKIB 3a SAKUMU
IIPOBOINUTBCS OIiHIOBaHHS piBHA eHeproedekTmpHOCTI (PED) € HamBaxmBimm
eTarioM. baraTo mokasHMKIB, II0 XapaKTepu3ylOTb MOTOUYHUM CTaH MHiIIpueMCTBa
MOXHa BBaXaTM KpuUTepisiMM OIiHKM. TakmMu TIOKa3HMKaMM MOXYTb OyTu
BeJIMUMHaA KoedillieHTy MOTYXXHOCTi, 00CAr IOBepHEHHS KOHeHcaTy, obcar
3acTOCyBaHHSI BTOPMHHIX eHepropecypcis Tomo. KpiMm Toro, gax Kpurepii MOXyTb
OyTy BUKOpMCTaHi IOKA3HWMKM, IO BiOIIOBiMAIOTh 3a (PYHKIIT yIIpaBIiHHS TaKi SK
piBeHb KOHTPOJIIO 3a BUTPATOIO eHepropecypciB (3abeslevueHicTs HpIIagaMu
00s1iKy), HagBHICTb CUCTEMM 3a0XOYEHHS 3a €KOHOMII0 eHepropecypciB Ta iHImi

ITOKa3HWMKI.

besyMoBHO, 110 BCi IIi MOKa3HMKM BiJpi3HAIOTBCA OAMH Bif, OJHOIO 3a
OpUHAJIeXHICTIO 10 Tiel abo  iHmoi cucreMu  (eJIeKTpOIIOCTadaHHS,
TeIUIONOCTaYaHH, ra30IIOCTaYaHHs, TOIIO) Ta 3a CTyIeHeM Ba’KIMBOCTI y CBOIN

cucremi. Ha piBenp eHeproedexkTvBHOCTI BMPOOHMYOI CHUCTEMM aHaIi3yBasIVICh
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OIIIHKM HaCTYIHMX iHAMKATOPiB: opraHizallisd edeKTMBHOIO eHeprocroXUBaHHs,
KOHTposib 3a crnoxmsaHHsaM IIEP, mnpupomuum ras, TeIUloBa eHeprid,

€JIeKTPOEeHePrisl, CTVICHEeHe TIOBITPSI, XOJIOM, BOAa.

Ina ominky PE® 3mivicHMMO OIiHIOBAHHSI KOXHOIO 3 OJMHMYHMX

ITOKA3HMKIB, gKi BIUIMBAIOTh Ha PiBeHb eHeproedeKTMBHOCTI BUPOOHIYO! CUCTEMU
BUKOPVCTOBYBaJIach IIKaJla BM3HAUYeHHs BeJIMYMHV OAVHWYHMX ITOKa3HMKIB 7], :

"0,0" - BinmOBimae caMMM HeeKOHOMIUHMM CIIOcOOaM CIIOXWMBaHHS eHepropecypcis
abo HeedeKTMBHIMM OpraHi3alliMHMM 3axofaM 3 yCiX MOXJIMBMX CIIOCODIB It
ZaHoro nokasHmKa; "0,33" - crocib crioxmBaHHS eHepropecypcis abo opraHizartingi
3axoay He IOCUTH epeKTMBHI 11 TOTpeOyIOTh AKHAMIIBIAIIOrO IotimeHHs; "0,66"
- crIocobm CHOXMBaHHSA eHepropecypcis abo opranizaminHi 3axomm edeKTHBHI,
omHaK icHyroTe 1mwraxm mominmenHs; '1,00" - crmocobw  crioXmBaHHS
eHepropecypciB abo opraHisamimHi 3axody BiAIIOBimAOTh Kpalllill CBIiTOBIN
HpaKTULl 7 [JaloTh MHO3UTMBHWUII pe3ysIbTaT. BusHaueHHs CTyHeHIO BaXJIMBOCTI

OOVIHMYHOI'O IIOKa3HMKa & j IIPOBOAVTBCA METOLOM eKCHepTHO'I' OLIiHKVI i

ITOKa3HWMKI HOpMaHiSYIOTI)CSI.

PiBeHp eHeproedeKTUBHOCTI MiAITPUEMCTBA BU3HAYAETHCA 3a (POPMYIIOO:

PE®= pK,
=1

J
ne f - CTyHmiHb B@XKIMBOCTI KOMIUIEKCHOTO  ITOKa3HMKa
eHeproeeKTMBHOCTI;
K - KOMIUIEKCHMII TIOKa3HVIK eHeproepeKTUBHOCT].
BucHoBKM

3a pesyibTaTaMIM PO3pPaxyHKIB B HaWTipIIOMy CTaHi Ha IiIIIPMeEMCTBi
3HaXOAWUTBCS TaKVV KOMIUIEKCHUV IIOKa3HUK SIK "KOHTPOJIb 3a crioxvBaHHsaM [TEP".

HariedpexTnpHillle Ha HiOIIpMeMCTBI CIIOXKMBAETHCS TEIUIOBA €HEepris.
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Introduction

The issue of climate change and the rise of greenhouse gas emissions
is becoming increasingly pressing. One of the primary sources of carbon emissions
is the use of solid fuels, which continue to be the primary energy source for many
countries. However, traditional approaches to its use lead to an environmental
burden, necessitating the development of more environmentally friendly methods
for utilizing biomass and other types of fuel for energy. The possibility of increasing
the efficiency of using solid fuel through its pre-treatment and assessment of its
calorific properties is evaluated.

Main material

Various types of renewable raw materials and fossil fuels, such as tree
bark, solar husk, wood and coal. We chose these renewable raw materials because
they are available in sufficient quantities and can be easily used as an alternative
fuel. The results of the work showed that microwave treatment of solid fuel is an
effective way to increase its calorific properties. Reducing the analytical moisture
content and increasing the yield of volatile substances contribute to more complete
and efficient combustion of fuel, which allows you to get more energy from a
smaller amount of raw materials. This, in turn, contributes to the rational use of
resources and reducing the cost of meeting energy needs.

Conclusions

Improved fuel characteristics also have environmental value. Reducing
fuel consumption directly reduces the amount of harmful emissions into the
atmosphere, such as CO,, NOx, SO, PM. This helps reduce the environmental
impact, and also aligns with global efforts to combat climate change. It indicates the
prospects for the use of microwave pre-treatment of solid fuel. The use of
renewable raw materials, such as sunflower husks or tree bark, can reduce
greenhouse gas emissions and contribute to the disposal of organic waste.
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Introduction

A climate warming and the depletion of natural resources are forcing
decision-makers to take effective measures to protect the environment, reduce
emissions and limit the consumption of natural resources. Transport is one of the
sectors of the economy that contributes to environmental pollution and consumes
large amounts of natural energy resources - fossil fuels. In recent years, there has
been a trend towards sustainable development and a green transition. These
processes are taking place both at a national and at an individual city level. In the
case of cities, transport contributes quite a lot to the previously mentioned harmful
activities. A major effort is to reduce individual transport in favour of public
transport. In the area of public transport, significant changes are also being made to
protect the environment. Buses using fossil fuels are being widely replaced by
electric buses. Recent years have also seen the introduction of hydrogen buses. An
example of a city that has a policy to reduce harmful transport impacts is Rzeszéw.
The city has a population of 200,000 and a well-developed public transport system
with 224 buses. Seven years ago, the first electrically powered buses were
introduced in the city. Electric fleet is constantly being expanded. With the
development of hydrogen technology, new opportunities have arisen in the form of
the use of hydrogen buses. The city plans to purchase 20 of these vehicles and to
make the necessary investment in infrastructure for storing and supplying
hydrogen to the buses. As part of this work, it was decided to determine the impact
of the projected changes in the bus fleet on CO2 emissions and hydrogen demand.

Main material

The main objective of the study was to determine the environmental
benefits of replacing the public bus fleet. It was achieved using a computer
simulation process. The computer simulation process used data on the annual
mileage of buses used in the city. As part of the research work, 2 scenarios were
considered. The first scenario assumed the replacement of conventional buses with



mailto:vmate@prz.edu.pl,

electric buses by 2040, and the second scenario replacement of conventional buses
with hydrogen buses by 2040. In the simulations carried out, it was assumed that in
both scenarios considered, the annual mileage of buses is the same as in 2023 and is
equal to 12,000,000 km. In the calculations, the hydrogen buses were assumed to be
powered by green hydrogen, thus the CO, emissions were assumed to be 0 kg per
kg of hydrogen. For electric buses, CO, emissions depend on the electricity
generation sources. In the case of Poland, electricity is generated from very
unfavourable sources - more than 60% came from coal in 2024. However, it is
assumed that by 2040 the electricity generation sources will change and a reduction
in CO; emissions from electricity generation by more than half will be achieved. As
a results in the first scenario, a 100% reduction in CO; emissions will be achieved in
2040, but there will be an increase in hydrogen demand to around 3,000 kg per day.
In the second scenario, a reduction in CO; emissions of around 66% will be
achieved in 2040, but there will be a significant increase in electricity demand.

Conclusions

Adopting hydrogen buses proved to be a more favourable solution due to
CO: emissions. The use of hydrogen buses requires significant investment in
refuelling stations. As of now, with a capacity of 600 kg of hydrogen per day and
taking into account the refuelling times of the buses, this would require the
installation of at least 6-7 fuel distributors. And a hydrogen storage facility taking
into account daily transports and the appropriate risk range would have to have a
capacity of 6,000 to 9,000 kg. In the case of electric buses, there is a need for
significant investment in power supply lines and the construction of medium-
voltage lines of 15-25 kV with significant transmission capacity. The studies carried
out are informative, as it is not entirely certain that green hydrogen will be available
in such large quantities. The use of grey or blue hydrogen can make a significant
difference to CO; emissions. For electricity, the rapid development of renewable
energy sources and nuclear power plants may in turn drive the decrease in CO>
emissions lower. However, in both cases the environmental benefits will be
indisputable.
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Introduction

Modern road transport is one of the largest consumers of fossil fuels,
which causes significant environmental problems, including air pollution and
climate change. In this regard, there is a growing interest in the use of renewable
energy sources in the transportation industry as an alternative to traditional
petroleum products.

Main material

The Law of Ukraine “On Alternative Energy Sources” defines alternative
energy sources as renewable energy sources, which include solar, wind, geothermal,
biomass, organic waste gas, biogas, secondary energy resources, etc.

Solar and wind energy, although not directly used in automotive engines,
can be key sources of energy for charging electric vehicles. Electric vehicles can
significantly reduce emissions and become a more sustainable alternative to
traditional modes of transportation. Ukraine is actively developing not only solar
and wind power, but also other types of renewable energy sources. The main types
of renewable fuels for road transport are biodiesel, biogas, alcohol fuel and other
alternative liquid and gaseous fuels.

Diesel biofuels can be used as a substitute for conventional diesel fuel or
blended with it. Ukraine has significant potential for diesel biofuel production due
to the large number of crops such as sunflower, rapeseed and soybeans that can be
used to produce oil for further processing into biodiesel.

Another type of biofuel is alcohol fuels, which are made from plant
material (wheat, corn, beets, etc.) through a fermentation process. Alcohol fuels can
be used as an additive to gasoline, as well as pure alcohol for special vehicles.

Ukraine has significant opportunities for biogas production, which
allows not only to reduce harmful emissions but also to use organic waste
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efficiently. The biogas produced by the decomposition of organic waste can be used
as a fuel for transportation.

The use of hydrogen in engines can reduce greenhouse gas emissions,
increase energy efficiency, and reduce the environmental impact of transportation,
but the complexity of hydrogen storage and transportation, and the lack of
developed infrastructure, hinder the massive adoption of this technology.
Hydrogen engines specially designed to run on hydrogen most often use fuel cells
that convert hydrogen into electricity. The main problems are cost, insufficient
infrastructure for hydrogen refueling, and the need for government support.

Studies conducted at the National Transport University have confirmed
the possibility of using fuels from renewable energy sources in road transport. They
make it possible to expand the fuel base of vehicles with internal combustion
engines and reduce harmful emissions through the use of alternative, more
environmentally friendly motor fuels.

Conclusions

The future of renewable energy sources in road transport is very
promising, but it requires a comprehensive approach: technology development,
infrastructure creation, government support, and investment incentives. Focusing
on only one type of alternative fuel can lead to technological and economic risks, as
each has its own advantages and limitations. In order to effectively reduce the
dependence of road transport on fossil fuels, it is necessary to develop all types of
renewable fuels in a comprehensive manner. This approach will not only ensure the
diversification of energy resources but also increase the resilience of the transport
system to the challenges of the modern world. Electric vehicles powered by solar or
wind power plants help reduce emissions, but require a developed infrastructure of
charging stations. The use of biofuels such as biodiesel and alcohol fuels allows for
the efficient integration of renewable resources into the existing internal
combustion engine fleet, but requires a well-established production and storage
process. Hydrogen is also a promising fuel due to its high energy intensity and
absence of harmful emissions, but its implementation requires significant
investments in production, storage, and transportation. Biogas allows for the
efficient utilization of organic waste while providing fuel for transportation. An
integrated approach to the introduction of renewable fuels will allow road transport
to adapt to different operating conditions, provide greater energy flexibility and
reduce the dependence of vehicles on a single energy source. Only the development
of all types of fuels from renewable sources in close cooperation will allow to
achieve a significant reduction in the use of fossil fuels and reduce the negative
impact of transport on the environment.
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Introduction

One of the tasks of military fuel quality assurance bodies is to ensure the
quality of fuel, lubricants and special liquids at all stages of the supply chainfron.

A complete list of quality indicators, which is regulated by the
requirements of regulatory documents for a particular type of fuel, requires
expensive equipment, qualified and trained personnel, and is time-consuming. For
example, a full test for all quality indicators for motor gasoline takes more than 10
hours to complete according to regulation documents.

At the same time, a detailed list of quality indicators of a full test makes it
possible to significantly assess its physical, chemical and operational properties,
determine its suitability for use, and predict the dynamics of their changes.

Main material

It's a wide known that a motor gasoline is a complex mixture of gasoline
cuts from various technological processes of oil refining (distillation, thermal
cracking, catalytic cracking, catalytic reforming, and aromatization), gas condensate
or mixtures thereof, and individual high-octane hydrocarbon components and
additives that improve certain performance properties. The component composition
of such a multi-component mixture can be determine by gas chromatography,
liquid chromatography or fluorescence dispersion methods.

It is also a fact that the component composition of gasoline determines its
properties, and the concentrations of individual hydrocarbons in gasoline can be
correlate to some extent with certain quality indicators of commercial gasoline.

The objective of the study was to establish dependencies between the
component composition of motor gasoline and certain quality indicators and, if the
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hypothesis is confirmed, to establish and formulate separate calculation (empirical)
models for certain quality indicators of motor gasoline..

Since the quality indicators of gasoline are continuous values whose
value depends on the components of gasoline, the task of determining the values of
these indicators was expressed through a regression problem. The model input was
the peak area on the chromatogram, expressed as a percentage, for each of the
possible components (598 in total). The output of the model was one of the quality
indicators of gasoline. Al training was carried out on the corresponding values
obtained from the quality certificates.

In general, the scheme for processing the chromatogram results and
obtaining the calculated quality indicators is as follows:

— the user loads a file with a list of components based on the
chromatogram results into the program window;

— the software converts the file into a vector of component values and
calls the compiled model, passing the generated vector as a parameter.

The model returns the predicted value of a particular parameter. If you
need to predict several parameters, the software calls several models. The returned
value is displayed in the graphical user interface.

Conclusions

the use of artificial neural networks and decision forests (sets of decision
trees) allows us to obtain a system of empirical models that can provide the user
with much more information about motor gasoline with a low error than a simple
chromatogram, interpreting the numerical indicators of the component composition
into a certain set of gasoline quality indicators;

some points of the obtained models are outside the standard deviation,
which may be due to the error of the instruments and individual definitions, but in
general, the idea of obtaining a wide range of quality indicators for motor gasoline
by the calculation method is quite workable;

it is highly conjectural that empirical models will provide high accuracy
in assessing quality indicators that are directly correlated with the content of
hydrocarbon compounds, such as octane number and existent gum;

the obtained systems of empirical models can allow reduce the time for
operational assessment of the quality of motor gasoline in stationary conditions
based on chromatographic analysis data comparison of the component composition
of motor gasoline obtained by both chromatographic and fluorescence dispersion
methods will be useful for further research.
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Intrduction

The technological integration of control and navigation in the observed
case fundamentally assumes the capabilities of a programmable inertial navigation
system (INS) for UAVs. The initial phase is controlled by the UAV operator, who
directs the flight with supervisory control to achieve the desired accuracy within a
designated corridor. The accuracy analysis presented in the article is conducted
only within the approach zone to the Successful Solution Area (SSA) of the
specified flight task. During this flight segment, the UAV's control system
incorporates its autonomous (programmed) navigation function, which is
influenced by stochastic external factors, such as wind conditions in mountainous
environments. The limits of UAV accuracy in the approach zone are provided in the
article, including in graphical form, which are outputs of the method used within
the MATLAB environment. The analysis results indicate that the autonomous
navigation control mode is sensitive to external influences, which can affect the
overall flight precision during critical phases. The implementation of advanced
filters and algorithms for correction of deviations offers potential improvements to
the system’s stability and reliability during the approach. In the presence of
significant meteorological effects, dynamic adaptation of control parameters is
necessary to minimize the impact of wind turbulences. The overall system
effectiveness depends on a combination of manual operator intervention and the
real-time optimization of autonomous control.

Main material
The error analysis method used for UAV approaching the SSA is carried
out using mathematical tools commonly employed in stochastic process theory. The

UAV's INS determines (calculates) the flight trajectory in real time based on a
specified deviation law:

()=

where a - the percentage of the UAV's occupied position is determined;
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S - distance flown after correction.

The requirement 'a' and its percentage-based determination enable the
application of the theory of stationary stochastic processes. This is because the
physical concept of the INS — whose accuracy depends on the corrected position of
the UAV's sensors, its velocity, and aerometric phenomena of air mass movement in
its vicinity — is inherently stochastic. A prerequisite for accurately positioning the
UAV within the specified percentage-defined zone is precise operation of its
onboard computer, which compares real-time scanned position data. The resulting
errors o(z) within zone 'a', along with the flown distance S and the known third
coordinate (height H), define the UAV's movement zone in continuous time, which
is characterized by these errors. Consequently, the navigated and controlled
movement is compatible with the implementation of zonal navigation. The concept
of zonal navigation allows for the formulation of a probabilistic criterion,
representing the likelihood that the UAV will remain within the zonal boundary
throughout the flight. This criterion can thus be employed to analyze and assess the
accuracy and reliability of zonal navigation systems.

Conclusions

The analysis method used is targeted in nature, with its core focusing on
the technological operation of interconnected systems that influence each other. The
aim was to demonstrate the theoretical and practical application of statistical
methodologies that enable UAV operators to evaluate the system’s reliability and
accuracy. Statistical criteria are based on probabilistic principles, and their
significance lies in assessing the behavior of random variables, which affect the
precision and reproducibility of UAV functions—especially in border zones
requiring control corrections. Consequently, when flying within designated zones,
these criteria characterize the probability that the UAV will remain within a safe
distance from the SSA, emphasizing the importance of stochastic methods for
controlling and ensuring the proper function of the system. This approach allows
for the optimization of control algorithms and reduces the risk of incorrect
responses to random influences during flight.
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Introduction

Enhancing energy efficiency, reducing environmental impact, and
advancing decarbonization are currently the primary goals in the pursuit of
sustainable aviation. At this stage of technological development, Sustainable
Aviation Fuel (SAF) stands out as the only practical alternative to fossil-based jet
fuels. Among various SAF technologies, bio-jet fuel—typically a blend of
conventional jet fuel and renewable components —shows significant promise. One
particularly promising feedstock for bio-jet fuel production is coconut oil.

Main material

Coconut oil is considered a favorable renewable feedstock for bio-jet fuel
due to its fatty acid profile, which closely resembles the carbon chain length of
hydrocarbons found in conventional jet fuel. It predominantly contains saturated
fatty acids with minimal unsaturation (one or two double bonds), making it well-
suited for efficient conversion into bio-jet fuel. This results in a final product with
physical and chemical properties similar to those of traditional jet fuel.

In this study, bio-jet fuel was produced through the transesterification of
coconut oil using ethyl alcohol, followed by vacuum distillation. The resulting
product was then blended with conventional Jet A-1 fuel in various proportions.
The key physical and chemical properties—such as density, viscosity, energy
content, freezing point, and flash point—were analyzed across different blend ratios.
Jet A-1 served as the reference fuel.



mailto:anna.yakovlieva@tuke.sk

The findings indicate that all bio-jet fuel samples generally met standard
specifications for density, flash point, and viscosity. However, they exhibited lower
energy content and poorer low-temperature performance, which could limit the
permissible concentration of coconut oil ethyl esters in the final fuel blend.

Performance testing on a small gas turbine engine revealed that the bio-
jet fuel blends did not interfere with the engine’s speed control system. While thrust
output remained largely unaffected, a slight downward trend was observed as the
proportion of coconut oil ethyl esters increased. A rise in fuel flow accompanied
this, necessary to maintain engine speed and thrust, due to the lower energy
density of the bio-jet fuel. As a result, specific fuel consumption increased by up to
7.5% with higher coconut oil ethyl ester content, as illustrated in Figure 1.
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Figure 1. Increase in specific fuel consumption of bio-jet fuels with
the rise of coconut oil ethyl esters content

This trend was consistent across all engine operating conditions,
suggesting that specific fuel consumption can be reliably used to estimate total fuel
usage over time or across different regimes.

Conclusions

The study has demonstrated that bio-jet fuels based on conventional jet
fuel and coconut oil ethyl esters meet standard specification requirements, ensuring
the stable operation of gas turbine engines. Although performance testing confirms
the feasibility of using coconut oil ethyl esters as bio-jet fuel components, several
challenges remain and warrant further investigation in future research.

Funding: This research was funded by the EU Next Generation EU
through the Recovery and Resilience Plan for Slovakia under the project No. 09103-
03-V01-00060 and the Grant Agency of Ministry of Education and Academy Science
of Slovak Republic “Efficient control algorithms for small gas turbine engines”
(Grant No. 1/0701/23 "Efficient control algorithms for small gas turbine engines").
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Introduction

Diesel road transport, particularly trucks, is one of the largest sources of
air pollution, especially nitrogen oxides. These emissions contribute not only to
lung diseases but also to heart disease, a connection that has only recently been
established. Consequently, restrictions on diesel-powered transport have been
introduced in Europe, leading to a significant influx of old diesel vehicles into
Ukraine in recent years. Additionally, the substantial carbon dioxide emissions
from road transport pose a global environmental threat, reinforcing the need for
renewable alternative fuels. In Ukraine, hydrogen and hydrotreated vegetable oil
(HVO) appear to be promising fuel alternatives that could mitigate the negative
impact of road transport by replacing fossil diesel.

Main material

Hydrogen in road transport. Hydrogen is widely regarded as the fuel of
the future. Moreover, Ukraine's first hydrogen refuelling station is already under
construction in Reni, Odesa region, where green hydrogen—produced using
renewable energy sources—will be generated. Hydrogen can be utilized in road
transport in two ways: first, in vehicles equipped with fuel cells, and second, in
internal combustion engines (ICE). For Ukraine, the first method is more promising.

At the moment, since hydrogen fuel cell cars compete with electric
vehicles, the use of hydrogen in trucks seems more rational. One of the important
problems that scientists are working on, in particular at Zhytomyr Polytechnic, is
the problem of filling fuel cells with water, which can be solved using neural
network methods. It is also relevant to use fuel tanks made of composite materials
based on natural fibres for fuel cell electrical vehicles (FCEVs).

The most common biofuel at present is biodiesel. For example, British
Petroleum adds 7% biodiesel to diesel fuel. The use of pure biodiesel is limited due
to its high density, viscosity, and surface tension, which result in larger droplet
sizes, longer spray penetration, and, consequently, less efficient fuel atomization.
Biodiesel also produces higher NO, emissions compared to diesel, due to both its
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physical properties and the presence of oxygen in its composition. Biodiesel is
derived from oils or fats through a process called esterification, which introduces
alcohol into the fuel.

To remove oxygen from vegetable oils and fats, hydrogen must be added.
This process converts the fuel into hydrocarbons, the primary components of fossil
diesel fuel. Unlike fossil diesel, these fuels came to be known as renewable diesel
(RD). Since hydrotreatment is the primary method used to produce this fuel, it is
also referred to as Hydrotreated Vegetable Oil (HVO). The first commercial HVO
production plant was established in Finland in 2007 by Neste, at their Porvoo
refinery. This plant had an annual capacity of 170,000 tons. HVO is already
commercially produced in several European countries and the United States.
Renewable diesel is derived from renewable sources and classified as a renewable
fuel. Second-generation biofuels are produced from feedstocks that are not used as
food. One such RD, called HRD-76, is made from algae and animal fat waste and is
used in a 50% blend with NATO F-76 fossil diesel fuel for military naval
applications.

Since HVO has a higher cetane number and a higher LHV (lower heating
value), then this fuel must have a lower fuel consumption (BSFC) compared to
diesel fuel. The absence of aromatic components in HVO should reduce soot, and
the reduction of ignition delay due to a higher cetane number leads to lower
emissions of nitrogen oxides. However, NOx emissions also depend on both the
presence and type of aftertreatment system and the movement of the vehicle on the
road.

The evaporation of HVO fuel depends largely on the composition of the
fuel. Modelling of evaporation, which was carried out by the author, based on the
composition of fuel molecules HRD-76, showed worse evaporation of this fuel
compared to diesel, due to the presence of molecules with a large number of carbon
atoms in the structure.

Conclusions
As a substitute for diesel fuel, a good alternative for Ukraine is HVO,
which has the potential to reduce both NOx emissions and fuel consumption. For

the rational use of hydrogen in fuel cell vehicles, it is necessary to solve the problem
of filling fuel cells with water and obtain sustainable materials for the car tank.
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Introduction

The article uses biological methods to address the scientific and practical
aspects of bio-hydrogen (H:) production from micro-algae biomass. This approach
simultaneously tackles three key issues: generating a renewable and eco-friendly
energy source, managing micro-algae biomass waste, and reducing greenhouse gas
emissions. The study highlights micro-algae biomass as a promising and
sustainable biofuel source, emphasising its role in hydrogen production via water
splitting. Hydrogen stands out as an efficient energy carrier due to its high energy
content and carbon-free combustion. The paper explores the chemical, metabolic,
and technical prerequisites for bio-hydrogen synthesis, reviewing direct and
indirect biophotolysis, biological constraints, and metabolic and genetic engineering
solutions. Dark fermentation of micro-algal biomass is analysed from an energy
feasibility perspective, covering biomass pretreatment for high sugar yields,
inoculum significance, and reactor configurations for optimising hydrogen
production.

Main material

Bio-hydrogen (H:) is gaining significant attention as a clean and
sustainable energy source. With rising concerns about climate change and the
depletion of fossil fuels, the search for renewable alternatives has intensified. Bio-
hydrogen, produced through biological processes, presents an eco-friendly solution
with high energy efficiency and minimal carbon emissions. Bio-hydrogen research
has emerged as a dynamic field that interweaves biochemical, microbiological, and
engineering disciplines to address global energy challenges. Researchers are deeply
engaged in analysing hydrogen fermentation efficiency indicators, seeking to
interpret the parameters that dictate yield and process stability. Detailed reaction
schemes have been developed to better understand the underlying pathways of bio-
hydrogen production, emphasising both the dark and light-dependent processes. In
dark enzymatic synthesis, anaerobic bacteria play a pivotal role by catalysing
hydrogen production through intricate metabolic networks. Key to this approach is



mailto:virasabadash@gmail.com

40

the substrate conversion rate and the breakdown of solid particles within the
fermentation system, which directly impact the efficiency and sustainability of the
overall process. Parallel to these investigations, significant attention is given to
defining and justifying the critical requirements for effectively destroying micro-
algal biomass. This resource serves as a substrate for fermentation and presents
challenges in pretreatment and conversion efficiency. This effort has led to
developing dark fermentation processes that show promise for industrial
application. Researchers have critically evaluated various strains in selecting the
optimal microorganisms for bio-hydrogen synthesis, considering their metabolic
capabilities, adaptability, and tolerance to operational conditions. This careful
selection process ensures that the chosen bacteria can convert biomass into
hydrogen effectively, thereby enhancing process viability and scalability. Light-
dependent hydrogen production represents another exciting frontier in this field,
particularly involving micro-algae of the Chlorophyta group. Investigations into the
H: formation by cultures enriched with Rhodobacter gelatinous have revealed
promising results, as these organisms exhibit enhanced photosynthetic efficiency
and robust hydrogenase activity. Further research has demonstrated that the
photoproduction of bio-hydrogen by species such as Chlamydomonas reinhardtii
can be stimulated under specific conditions, with additives like formate and
methanol significantly influencing the rate of hydrogen formation. Exploring other
microorganisms, such as Euglena gracilis, underscores their potential as efficient
hydrogen producers. Studies suggest that stimulating respiration within these
systems can create favourable conditions for anaerobic processes, thus optimising
the overall bio-hydrogen output. Moreover, the presence of trace elements has been
shown to affect both these organisms' growth and enzymatic activity, pointing to
the need for precise nutrient management in bioreactor systems.

Conclusions

This study tackles the challenge of producing bio-hydrogen (H:) from
micro-algae biomass, demonstrating its potential as a sustainable solution for
environmental and energy issues. Micro-algae biomass is a renewable resource that
provides an eco-friendly energy carrier and helps reduce waste and greenhouse gas
emissions. The research examines photobiological and dark fermentation pathways,
emphasising improvements in pretreatment, inoculum selection, and reactor design
to boost hydrogen yields. Integrating metabolic and genetic engineering strategies
to overcome biological barriers further highlights the promise of micro-algae in
advancing carbon-neutral energy systems.




Improving Energy Efficiency in Seed
Pelletizing Technology

Dmytro Semenenko, Yaroslav Kornienko, Serhii Haidai
Igor Sikorsky Kyiv Polytechnic Institute

E-mail: dimasemhaha@gmail.com

Intrduction

Pre-sowing chemical treatment is an important element in ensuring the
efficiency of agricultural production. One of the most advanced methods is seed
pelletizing, a process that not only protects seeds from pests and diseases but also
provides them with nutrients. However, traditional pelletizing technologies are
often characterized by low heat utilization, which significantly reduces the overall
energy efficiency of the process.

Main material

Modern pelletizing machines are usually based on mechanical mixing
using disk sprayers. This leads to seed damage and agglomerate formation. Drying
is carried out in drum machines or bowl granulators, which complicates the
technological process and reduces energy efficiency.

The proposed alternative is the use of a fluidized bed apparatus (Fig. 1),
which ensures efficient circulation of seeds between the irrigation and drying zones
without mechanical damage. Heat in such a system is transferred exclusively by
convection, which allows for a high degree of energy efficiency. It is known that the
coefficient of utilization of the supplied heat of such a device can reach 50% or more,
and in the case of heterogeneous fluidization, the coefficients of heat and mass
transfer increase by 1.5-2 times. Due to the special structure of the fluidized bed, in
which the seeds are constantly suspended under the influence of the rising gas flow,
active mixing of the particles is ensured. This creates conditions for the constant
renewal of the contact surface between the hot gas coolant and the wet seeds. As a
result of intensive mass transfer (evaporation of moisture from the seed surface)
and efficient heat transfer, the contact area between the solid (seed) and gas (coolant)
phases is maximized. Therefore, the product of the heat transfer coefficient (a) nd
the phase contact area (F), which determines the overall heat transfer efficiency of
the system, approaches its maximum value — aF — max.
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Figure 1. Scheme of the apparatus for the process of pelletizing and granulation
with heterogeneous fluidization: 1 - gas distribution device, 2 - granulator chamber,
3 - mechanical disperser, 4 - directing distributor

The approbation of the technology using heterogeneous jet-pulsation
fluidization for granulation of heterogeneous liquid systems made it possible to
obtain spherical organic-mineral fertilizers with a stimulating effect with a layer
structure. The use of such a scheme provided a granulation coefficient y > 88 %
with minimal dust emission, and also doubled the specific moisture load compared
to homogeneous fluidization.

Conclusions

The proposed technology of pelletizing using heterogeneous fluidization
significantly increases the thermal efficiency of the process (efficiency over 50%),
which reduces energy consumption and the carbon footprint of production. The
possibility of forming coatings taking into account agro-ecological conditions, high
adaptability to different formulations and versatility in application (drying,
encrustation, calibration) makes this technology a modern energy-efficient solution
for pre-sowing seed treatment.
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Beryn

HesBaxaroun Ha [Oedkuii eKOHOMIUHWMIL —cIlam Ta  oOMeXxeHe
diHaHCyBaHHS JOCIIKeHb Ha 3aJIi3HUYHOMY TPaHCIIOPTi YKpaiHV IPOIOBXY€ThCS
ernleKTpudiKallis OUTIHOK 3a CHCTeMaMV TATOBOTO eJIeKTPOITOCTauaHHS ITOCTIITHOTO
CcTpyMy Hampyroro 3 KB Ta 3MiHHOro crpymy Hampyroro 25 kB i wactororo 50 I'.
Pasom 3 TmM BifnOyBaeTbcsd MOIepHi3alliss CUCTEM 3B'S3Ky Ta aBTOMATWYHOTO
KepyBaHHd PyxOM TIIOi3[1iB, BUKOPWUCTaHHS aJbTePHATUBHUX BWUJIB eHepril,
€JIEKTPUYHOr0 KOMYTalivIHOro 0oOJIa/fHaHHS IIiICTAHIII Ta BIIPOBaIKEHHS HOBUIX
TUIIB €JIEKTPUYIHOIO pyXoMoro ckiagy. HamirtHe dyHKIioHyBaHHS 3aco0iB
3aJIi3HMYHOTO  3B'S3Ky 1 CHcTeM  aBTOMATMKM, [l@  BUKOPMCTOBYIOTHCS
MiKpOIIpOLIeCOpHiI HPUCTPOI, 3aJleXWUTh Bill, iCTOTHOrO 3HIDKeHHd HeraTuBHOIO
BIUIVBY TSITOBOTO CTPYMy Ha PeVIKOBi JIaHIIIOTY, ITOBIiTpsAHI JIiHII Ta iHImI 3acoOm.
ITpyumHOIO TaKMX BIUIMBIB BUCTYIIAIOTh TapMOHIKM ITyJIBCYIOYOI CKJIamOBOI
HaIIpyT¥ Ta CTPYMY TATOBOI MepeXi, JpkepesIoM SIKMX € BUIIPAMIISIOYi YCTaHOBKY, a
TaKOX eJIeKTPUYHUI PyXOMWUI CKIaf i3 IMITyJIbCHUM CIIOKVBaHHSM eJIeKTPUYHOI
€Hepril.

OcHoBHa YacTHHa

B maHoMy mocitimKeHHI IPOIIOHYETBCS 3a IS IIOKpallleHHs KOMIIeHCcallil
MyJIbCYIOUOl CKJIaJA0BOI BUIIPSAMIIEHOI HaIpyrM Ta CTPYMy Ha BUXO[i TATOBOI
MiACTAHIIT 3acTOCyBaHHS KOMOIHOBaHMX Ta aKTMBHMX CHCTEM, Ha OCHOBI aKTMBHMX
dinbTpiB, TpMHIMI [Oif 4KMX 3aCHOBaHUWM Ha BHECEeHHI Yy BUXiTHWUI JIaHIOT
BUIIpsIMJISIYA eJIeKTPOPYILiHOI CYUIM KOMITeHcallil, 30aTHOI IIoAaBIIIoBaTH CKJIaIoBi
Halpyry HaBaHTaXeHHs. 3allpoIIOHOBaHi KoMOiHoBaHI Ta axkTwBHI QiTETPU
MpefiCTaB/IsI0Th CO00I0 3aMKHEHy CTPYKTYPY 31 3BOPOTHMM 3B 3KOM 3a BUXiTHMMM
IapaMeTpaMI CTPyMy Ta HaIIpyT'M Ha HaBaHTaXeHHi. Y KaHaJI 3BOPOTHOTO 3B SI3KY

BXOOMUTh KOpPUIylO4dYa JiaHKa, IO 3a6e3neqy€ q)OpMYBaHHﬂ KOMITEHCYIOUOTO
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CUTHAJTy, 10 HeoOXigHO IS TOAaBJIEHHS ITYJIbCYIOYOi CKIIafOBOIO BUIIPSIMIIEHOL
HaIIpyI'M Ha BUXOAI TSATOBOI IIiACTaHIIil IIOCTiTHOIO CTPyMYy.

ITbin wac 3acTocyBaHHSI KOMOIHOBaHMX CHUCTEM IIOFABJIIEHHS 3MiHHOI
CKJIa[I0BOI BUXIHOTO CTPyMy IIepeTBOPIOBaJIbHOIO arperatry A0 WOIo CKJIamgy
BXOIWTP IacvBHA Ta aKTMBHa dacTuHa pinbTpa. IlacBHa yacTuHa CKIamaeThCs 3
peakropa L Ta KoHzeHcaTopa C, MmO IIpeNcTaBIIsIOTH coboro [-momiOHwMI
anepiogyunvit LC-piIpTp, 110 3aCTOCOBYIOTh Ha TATOBMX IIACTAHINSIX B CKIadi
TUIIOBUX cxeM (iIbTPOKOMIIEHCYIOUMX ITPUCTPOiB. AKTMBHa dYacTuHa ¢iIbTpa
CKIafla€Tbcsd 3 JaTdyMKa 3MIHHOI CKIaoBOI BUXIOHOI HaIpPyrM YU CTPyMYy,
KOPUTYIOUOl (OMHAMIYHOI) JIaHKM Ta MiICMUITIoBavda, BUXITHWUI CUTHA SIKOTO depes
posaistount TpaHcdopMaTOp ITOJAETLCS B CMJIOBE KOJIO PUIbTpa.

Kommnencaniss 3MiHHOI CKJIag0BOI BUIIPSMIIEHOI HaIIPyIV 3iMICHIOETHCS
BHECEHHSIM B KOJIO IIOCIIIOBHO 3 JKepesioM Iysbcariint Uy (p) Hampyri KoMITeHcaril
Ux(p), sika dopMyeThca KaHAJIOM 3BOPOTHOTO 3B $13Ky aKTMBHOI YacTuHU (ibTpa.
Hampyra Ha HaBaHTaxeHHI Ua(p) 3 ypaxyBaHHSM @il aKTMBHOI Ta HacUBHOI
CKJIa/J0BOI BU3HAYA€ETHCSI HACTYITHMM PiBHAHHSIM:

Un(p) = [Unlp) - Un(p)] H(p), )
ne H(p) - mepenaBaibHa (PYHKIIiS ITaCMBHOT JIAaHKM KOMOiHOBaHOTO (piIbTpa.

s cuHTesyBaHHA IlepefaBallbHOI (PYHKILI, IO OHNMCYe AMHaMiuHI
mapaMeTpu OyB 3acTOCyBaHMII MeTO[, YacTOTHMX xapakTepucTuk. Ilpu
3aCTOCYyBaHHI MeTOdy 4YacCTOTHMX XapaKTepuCTMK Ta aHalisi IepegaBajIbHOI
yHKII{T KOpUTyBaIbHOI JIAaHKM IIpU (POPMYBaHHI 3BOPOTHOTO 3BSI3KY 3a BUXiTHOIO
HAIIpyTOI0 HaBaHTaXeHH$, III0 YaCTOTHI BJIACTMBOCTI aKTMBHOIO (piyibTpa icTOTHO
3aJIeXaTh Bifl BeJIMUMHY HaBaHTaXeHHs. AHaJli3 3aMKHEHOI CTPYKTYpU aKTUBHOTO
JinpTpa mosArae B KOpeKIlii MeTOIOM YaCTOTHVX XapaKTepUCTVK 3aaHol CUCTeM,
o 3a0e3redye HeOOXigHI YacTOTHI BJIACTMBOCTI Ta KpuTepil AKOCTi cycTeMu
aBTOMaTIUHOTO peryJIOBaHH:.

BucHOBKM

SIK TIOKaszaJio [OCITIKEHHS 3alpollOHOBaHI KOMOiHOBaHI 1 aKTMBHI
CHUCTeMV TIOKPAIIYIOTh ITOKA3HMKM eJIEKTPVYHOI eHepril TUM caMMM 3abe3nedyoun
IXHI IIapamMeTpy B HeEOOXigHMX MeXax 3TiJHO CTaHmapTiB SKOCTi. 3arajoM
OOCITIKyBaHi KOMOIHOBaHI CHCTEMM CYTTEBO 3MEHIIYIOTh Macy Ta rabapwuTHi
MIOKa3HVKM, IO 3abe3lledye HaminHINTy pobOTy UIBTPY Ha BUXOMOi TATOBOL
HiJcTaHIlil, B IUIOMY 4Yepe3 BiICyTHICTh B JaHMX CUCTeMaX IIaCMBHUX PeXeKTOPHMX
JIaHOK, III0 BCTaHOBJIIOIOTH Ha CTaHAAPTHMUX (PUIBTPOKOMIIEHCYIOUUX HPUCTPOSX
TATOBVIX ITIACTAHIIiVI IIOCTiIHOTO CTPyMYy .
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Beryn

3ajli3HMYHUN TPaHCIIOPT € OOHMM 3 KIIOYOBMX BUAIB TPaHCHIOPTY B
YxpaiHi Ta cBiTi. BiH Bifirpae BaxxJmBy poiib y IepeBe3eHHi acaXpiB Ta BaHTaXiB,
a TaKOX y 3a0e3ledeHHi eKOHOMIUHOTO poO3BUTKY KpaiHu. [Ipore, TpammiririHO
3aJTI3HUYHWI TPaHCIIOPT BUKOPVICTOBY€E BUKOITHE IIaJIMBO, TaKe 9K BYIULIs, IV3eIIb
Ta MasyT. Ilepexig Ha ajbTepHaTVWBHI IXepera eHeprii MoXe JOIOMOITH
3MEHIIMTY IO 3aJIeXKHICTh  Ta  IABUINUTHA  eHepreTWdHy  OesIeKky
KpaiHu.BopoBajgkeHHs ajbTepHaTMBHMX HaJIMBHO-MacTWIBHUX MaTepialiB y
3JII3HMYHOMY TPaHCIOPTiI € CTpaTeriuHo BajJIMBMM HaIpsAMOM Ha IUIAXY OO
BYIJIELIeBOI HeITPaJIbHOCTI.

OcHOBHMI MaTepian

3asIi3HMYHUN TPaHCIIOPT BBa’Kae€ThCs HaVIKpalllIM BapiaHTOM Ha3eMHOIO
TPaHCIIOPTY 3aBIgKM OaraTbOM €KOHOMIWHWMM, COIiaJIbHMM, €HepreTMYHWM Ta
eKOJIOTIYHMM TIlepeBaraM. Hampukiiam, 3asmisHUYHMIT TpaHCOOPT 3abesreuye pyx
Oe3 3aTOpiB Ta BMCOKWII piBeHb Oe3IeK, 3HVDKY€E BUKWUION Ta CIIOKVMBAHHS ITaInBa
Ha OINHOrO IlepeBe3eHOro TlacaXupa (abo BaHTaXHYy OAVHMINO), 3MEHIIYyE
BUKOPVICTaHHS 3eMJIi (BTPWUi MeHIIle 3eMJIi ITOPiBHSHO 3 aBTOMAaricTpassMu) Ta
3abesriedye BUCOKY MIBUIKICTh ITepeBe3eHHs.

butbmiicte  samisHMYHMX ~ MapHIpyTiB B YKpaiHi IIPOOOBXYIOTb
00CITyTOBYBaTICST AV3EIBHVIMI JIOKOMOTMBAMY, IIIO 3YMOBJIEHO HM3BKMM piBHEM
ertekTpudikariil Mmepexi — cranoM Ha 2023 pix amie Onm3bKo 47% 3asTisHUYHMX
KOJIit MaroTh ejlekTpudikanito. Ile o3Hawae, 110 MHOHAaI MOJIOBMHA PYyXOMOTO
CKJIaly BUKOPWUCTOBYE Au3esIbHe TaIMBO, sike € OCHOBHUM JIXepesioM Bukuis CO,

NO;, TBepamx uacTok, SOx Ta JIETKMX OpraHidHMX CIIOJIYK.

3rigHo 3 odinivtHmMmu gauvMu AT «Ykp3amisauiis», obcar suknuais CO:
y 2020 pomui nepesymms 120 Trcad TOHH, IO CBITYMUTH PO CYTTEBE HaBaHTaKEHHS
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Ha atmocdepy. [Tpu 11boMy mIopiuHa AyHaMiKa JeMOHCTPYe cTabilbHe 3pocTaHHSA
Buxmmis: 3 2016 mo 2020 pokm 3arajJbHWMM HNPUPICT CKIaB IoHam 9%, Hmompu
CKOPOUeHH:sI 00CSTiB MacaXkMPChKMX ITepeBe3eHb Y JIesKi mepiomm.

Opmiero 3 OCHOBHMX IIpoOJieM € 3HOIIEHICTb JIOKOMOTVBHOIO ITapKy:
cepedHiN BiK OM3eJIbHMUX JIOKOMOTMBIB mepeBuiltye 30 pokiB, IO HPU3BOAUTE OO
HU3bKOI NaIMBHOI edeKTMBHOCTI Ta IIBUIIEHOro piBHA BuUKWAiB. binbmricTs
JIOKOMOTWBIB He BiITIOBiHAIOTH CyYacCHMM €KOJIOTiUHWMM CTaHAapTaM (HaIIpUKIIaf,
Stage III abo IV 3a mopmamm €C), mo mormbiIoe BIUIMB Ha SIKIiCTh IIOBITpH,

0coOIMBO Y TyCTOHACeIeHMX perioHax.

Ilepexin Ha ajpTepaHTMBHI BUOWM HaJaMBa MOXe CyTTEBO 3HU3UTHU
€KOJIOTIYHUY BIUIMB TPaHCIOPTY Ta MaTW BUpillajibHe 3HaUeHHS y CTBOpPeHHI
CTaJIOTO TPaAHCIIOPTYy, SKWUM MiHIMi3ye HeraTMBHWUW BIUIMB Ha HaBKOJIVIIIHE
ceperoBuIlle. AJIbTepHAaTMBHI ITaJIMBHO-MAacCTWIbHI MaTepiajli KJIOYalOTh B
cebe pisHi BUAM NaJMBa Ta MacTWIBHMX PEYOBMH, IO MOXYTh 3aMiHUTHI

TpanuilivHi HadTonpoayKTH (Tadmms 1).

Tabauysa 1
Twrm ajpTepHATMBHOIO ITaJIMBA Ta X XapaKTePUCTUKNA
Bvig masimBa OcHoOBHI ITepeBarn Henomikm IMepcriexTmBu
XapaKTepUCTUKN B YKpaiHi
Bomens (Hz) | 3acrocoByerbca | Hymposi Bucoka Bapricte | IlinTpumyernbcs
y HaJIVIBHMX BUKWIIV, BUCOKa | BUMPOOHMIITBA, Harcrpareriero
ejIeMeHTax. eHepro- rorpeba B HOBi | o 2035;
ITig gac peaknil | edpeKTMBHICTB, iHPpacTPyKTypi | aKTMBHI
YTBOPIOETHCS IiIXOIWUTD J1JIsI , CKJIaJIHICTB MPOEKTH
JIvIIe BOfsTHa HeejleKTpudiKo- | 30epiraHHs;. HyWay UA,
mapa. BaHUX Hydrogen Hub.
MapIIPYTiB.
biomasmso Burorosiszerscst | Moxe IToTpebye € BUCOKU
(B20-B100) | 3 pocimmHoOi abo | BUKOpMCTOBYBaT | GaraTo TIOTeHIIial Ha
TBapMHHOL VICSLy Ai3erThb- CUPOBVHI; 6asi arpocex-
CUIPOBUMHM (paric, | HUX JIOKOMO- HecTabirTbHa TOpa
KYKypyZ3a, Xvp, | TmBax Oe3 nina; moxotmsuit | (IlonrrasmmHa,
Bifxom). 3Ha4YHOI MOJlep- | BIUIMB Ha XepcoHIHa
Hi3allil; 3HIDKyE IIPOAOBOIILYY TOIIIO).
CO:21070%. Oesrrexy.
LNG Tas Ha 20-25% ITorpebye PeanisoByeTbcs
(cxparmTe- OXOJIOKEeHU MeHIIi BUKMAM, | CIeliaIbHOro B aBTOIIApKaXx;
HU 1o -160 °C; €KOHOMIist olOytagHaHHS IIOTeHLiaJI ISt
npupomHuUyl | 30epiraeTbes B mmayvBa, MeHmIe | (6axu, oxorom- BaHTaKHOTO
ras) pifnKoMy cTaHi. ITyMy, HVDKYa JKeHH:I), BUIIIA TPaHCIIOPTY.
BapTiCTh IOPiB- | BapTicTb
HSHO 3 IusesieM. | iHdpacTpyKTyp
Cunretna- | Bupobmsersest 3 | Moxe samiantn | [Tyxe mopore Y nepcriexTusi
He I1aJIMBO CO:taH:3a nusesns be3 BUPOOHUIITBO, -
(e-fuels) JIOIIOMOT'OI0 ITepeOyHoBU ayspkvm KK, BUKOPVICTAaHHS




eJIeKTpoeHeprii 3 | iHdpacTpyk- Ha cTail B perioHax 3
BJIE. TypW, HEWT- TecTyBaHH:. npodinuToM
paJibHe 100 BIE (comrze,
CO.. BiTep).
Enextpuka | 2Kusienns Buicoka ITorpebye IIpoxo
(Bim BJE) uepes eHeproedek- iHdpacTpyk- 3aCTOCOBY€TBCSL;
KOHTaKTHY TUBHICTB, HU3BKI | TypW, eJIeKTpu- | moTpebye
Mepexy abo BVIKVOV 1PV dikarrii Kosiv, TIOMJTBIIION
aKyMyJIATOPL "3esreHin" obMexeHH: estekTpudikarii
reHepariii, HJIBHOCTI ISt 1 perioHis.
MeHIIIi eKCIUTY- aKyMYJIITOPHVIX
aTarmHi TIO13/IiB.
BUTpPATAL
BucHoBKM

3ajli3HMYHUN TPaHCIOPT aKTWBHO IIepeXOOWUTh Ha eKOJIOIIYHO YMCTi
JXKepesla eHepril, i ImpuKIagu Takux TpaHcdopMallil yxXe CIoCTepiraroTbcs B
OaraThox kpaiHax cBiTy. Komepuiriai BogHesi noisau Bxe mpatioors y HiMeuunHi,
®panwii, Kanani, Benvikin bpuranii Ta Kurai. Hanpuxiian, y HiMeuunsi samyimeso
mepumit y cBiTi BomHeBum moTar Alstom Coradia ilint, a Bemmka bpwuranis
iHBecTye B po3poOJeHHS Ta eKCIUIyaTallifo BOIHEBMX IIOI3iB y MeXaX IUIaHy 3
moBHOI neKapOoHizarlii 3amisHMYHOro TpaHcropry mo 2040 poky. Ortxe,
3amoObITaHHS 3MiHI KJIIMaTy, 30KpeMa, uepe3 AeKapOoHi3allifo TpaHCIOPTHOTO
CeKTOpYy, € KIIIOWOBMM 3aBJaHHsAM, IO CTOITh Ilepel, CBITOBOIO CIIUTBHOTOIO,
BIIOUaroun Ykpainy. Ha mpuxiiami €BpolericbKoro 3eeHOro HOroBOpy MOXKHa
mobaunTy YiTKMI BEKTOp, CIpSAMOBAHMII Ha JOCSITHEHHS KIiMaTWYHOL
HenTpasibHOCTi g0 2050 poKy, Ae TpaHCHOPTHUN CEeKTOp Ma€ iCTOTHY PoOilb Y
CKOpPOYeHHI BVIKMIIB IIapHMKOBMX TasiB. YcHilllHa peatizalliss KIiMaTUYHOL
MOJIITUKY BMMara€ KOMIUIEKCHOTO X0y, IO OXOIUIIOE BIIPOBaKeHHS HOBVIX
TeXHOJIOTIV, Tlepexif, 10 BiTHOBJIEHMX JIKepeJl eHepril, po3BUTOK iHdpacTpyKTypu
IUI eKOJIOTiYHO UMCTUX TPaHCIIOPTHMX 3acobiB Ta MiATPMMKY iHHOBAIIi. YKpaiHa
aKTMBHO ajalTye HalliOHaJIbHy TPaHCHOPTHY TMOJTUKY [0 €BPOIEeNChKIX
CTaHIAPTIB, 3a0e3I1euyoun CTaJINI PO3BUTOK IajTy3i Ta 3MEHIIIyI0Un ii HeTaTMBHWUN
BIUIVIB Ha JIOBKiJUIA, TaKi 3yCIJUIA CIIPUSIOTE CTBOPEHHIO 3I0POBOTO CepeloBuIlia Ta
MiABUINIEHHIO SKOCTi JXWTTS TpOMaIsH, BOJHOYAac 3abe3ledyiour BUKOHaHHS
MDKHapogHMX 3000B’s3aHb y cdepi 3aXMUCTy HABKOIMIIHBOTO CepemoBUIIa.
Ilepexin mo anmbrepHaTMBHMX IIMM Yy 3aIisHMYHOMY TPaHCHOPTI € KIIOUOBUM
eJIeMeHTOM €eKOJIOTiUYHOI TpaHcdopMaril. YKpaiHa Mae€ yci IepegyMOBU IS
LIbOTO — HasBHUI arpapHUI pecypc, CcTpaTeriuHe pos3TalllyBaHHS, MiDKHapOIHY
HVO,

aKyMYJIATOPHMX piH_IEHB IO3BOJIUTH JIOCATTM  KITiIMaTUYHOT HeﬁTpaHBHOCTi 3

migTpUMKy. 30ajlaHcoBaHe ITOENHAHHS —eJleKTpudikariii, BOAHIO Ta

ypaxyBaHHsAM HalliOHaJIbHVIX OCOOJIMBOCTETA.
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Cepein KpywnebBuuy, I'ennadiin 2Kyx, IOpii 16ano6
IncturyT rasy HanionansHoi Akagemii Hayk Ykpainu

E-mail: admin@sergevyk.kiev.ua

Beryn

Brac/mimok >KUTTeOisUIBHOCTI JIIOACTBA YTBOPIOETHCS BejIMKa KUIBKICTD
BIZIXOAiB, cepeq, IKMX BeJIMKy YacTKy 3alIMaloTh OpraHidHi Bigxoau. B YkpalHcbkmx
MicTax IIeyi TUII BIIIXOOIB BUBO3WUTBLCS Ha CIeIHaJIbHO OOJIalllToBaHi IIOJIirOHM
TBepAMX MOOYTOBMX BiIXOMiB, e BOHM 3aXOPOHIOIOTBECS, OaKTepil ITOYMHAIOTH
HOIJIMHATY OpraHiuHy YacTMHY BiIXOMiB i Ha IIeBHOMY eTalli HOYMHAIOTh BUIUIATI
BYIJIEKMCIIMII Ta3 Ta MeTaH. B YkpaiHi Hamiuyerbcsa 6mmmspko 4,5 Tumc. odirmivtamX
IIOJIIrOHIB TBEPOMX ITOOYTOBUX BiIXOAIB 3araJIbHOIO IUIOIIEIO IIOHaA, 7,8 THC. Ta,
KyIOU IOPOKY BMBO3UTECS 0Tt 11-13 MyTH T. cBiXOro cmiTTs. Llett o6’em Buminse
6rm3pKo 800 THC T. MeTaHy B piK, IIIO eKBiBaJIEHTHO 65 MJIH T. ByIJIEKMCIIOTO Ta3y B
nepmri 20 pokis (GWP20) ta 22 myta T B HactynHi 100 pokis (GWP100).

OcHOBHa YacTMHA

B VYxpaini pgie 3akon mpo ympasmiHHS Bigxomamu No 2320-IX, 1o
perylaMeHTy€e CydacHi >XOPCTKi BUIMOTM [0 OOJIAINTyBaHHS IIOJITOHIB, aje iCHye
BeJIMKa KiJIbKICTh cTapux IIOJIirOHiB, 3acHOBaHMX IToHaf 40 pokiB ToMy, IO BCe IIle
He MAalOTh JOCTaTHBOI 3axMcHOI 0OosioHkM i Oioras BuniIseThcs B aTMocdepy, a
MOBiTps TOTpaIUIsie B TIIO TONTOHY, BHACIOK YOro OakTepil MHOYMHAIOTH
HOITIMHATU KMCeHb, a 30T — iHepTHUI Ta3 HaKOIIMUYEThCS B CEPeIVHI i TUM caMUM
J0IIaTKOBO 3HVDKYE KOHIIEHTpallilo MeTaHy.

1 HapiHOI poOOTM IOPIIHEBMX MOBUTYHIB eJIeKTPOCTAHIII, IO
BUKOPVICTOBYIOTBCSI IS yTWIisallil Oiorasy Ha IIOJIirOHax TBEpAMX ITOOYTOBVIX
BiZIXOMiB, KOHIIEHTpaIlisl MeTaHy TOBMHHA IepeBurnyBati 35%. I xoda Ha cBiXMX
HojliroHax BoHa Moxe mocsratu 70%, Ha cTapux 3 IIOTaHWM IIEpeKPUTTIM i
IHTEeHCMBHMM TIIiZICOCOM IIOBiTpsl, B TOMy UMCIL B HacIOok Bimbopy Oiorasy,
KOHIIeHTpallisl MeTaHy MOXXe BHacTV HIDKYe 3a3HadeHOi Mexi. Buxomom 3 Takoi
CUTYaIlil MOXe CTaTV BIWIy9eHHS BYTJIEKMCIIOTO a3y, KOHIIEHTpallis SIKoro B biorasi
Moxe pmocaratit 40%, i TMM camMyM 30UTBIIMTM KOHIIEHTpallilo MeTaHy Buie 35%

(pmc. 1). IlpukitagoM € aMiHOBA TEXHOJIOTiS BYUIyUeHHS BYTJIEKMCIIOTO Tasy.
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Pucynok 1. 3miHa KOHIIeHTpallill KOMIIOHEeHTIB BHAC/IAOK ITifICOCy IOBITpPs
BucHoBKM

Buxopwucrantsa posunty MEA, MIIEA a6o 1x cywili 103B0JIsI€ BYWUTyYUTI
BYTJIEKVMCIIVIA Ta3 3 Biorasy, Ipu IIbOMY TEXHOJIOTIS He IOTpedye 3HAYHMX 3aTpaT Ha
mAroTOBKy Oiorasy, Ha BimMiHy Bim MeMOpaHHOI TexXHOJIOTrii, Je MOTpiOHa sK
peTelbHa OUMCTKA Bif HOOMIIMIOK, Tak i DMOOKe ocyIeHHS. 30UTbIIeHHS
KOHIIEHTpAIIil MeTaHy BilMoBigHO 3MeHIITye 00'eM OasTacTHMX TasiB, IO TTO3UTUBHO
BImmmBae Ha KKJ]I 6iorasoBoi eekTpocTaHIIl i BiATIOBIIHO 3MEHIIyeThCS BUTpATa
nayvea Ha 1 KBT BupoOIIeHo1 efTeKTprYHOI eHepril (puc. 2).
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Pucynok 2. 3mina nuroMol BuTpaTyt 6iorasy B 3aJIeXXHOCTI Bill KOHIIEHTpatlil

Giorasy B Iporieci eKcIuIyaTarlil eJIeKTpOCTAHIIIT

B ImcturyTti rasy HAH VkpaiHu BuKOHaHi IOCITiAKeHHs BIWIyYeHHs
BYIJIEKMCIIOTO Ta3y Ha JlabopaTOpHIiV yCcTaHOBII i 3apa3 BUKOHYETbCS OyIiBHUIITBO
OOCITITHO-IIPOMICIIOBOI ~ ycTaHOBKM. OUWiKyeTbcad BwiIydeHHs Ommspko  90%
BYIJIEKMCJIOTO Tas3y, IIpM 1IbOMy ONTMMi3allisl CcKIafgy PO34MHY HO3BOJINIIA
BIIMOBUTWCE BiJl 30BHIIIIHIX JDKepel Tervla I IIpoLecy TecopOrrii BYIJIEKVICIIOIO
rasy 3 po3uyHy aMiHiB.
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Introduction

Further sustainable aviation development requires simultaneous
advancements in energy efficiency, emissions reduction, and aircraft noise
mitigation. According to the EU Clean Aviation SRIA (2021), achieving a 65%
reduction in perceived noise, 90% reduction in NOy, and 75% reduction in CO: by
2050 compared to year 2000 levels is essential for climate-neutral air transport.
While emission and fuel-related progress are being realized through alternative
fuels and propulsion systems, aircraft noise remains a persistent barrier,
particularly in communities surrounding airports. To address this, the EFACA
(Environmentally Friendly Aviation for All Classes of Aircraft) project proposes a
multilevel framework for assessing the acoustic performance of novel aircraft
technologies. This includes both Technology A (hybrid-electric propulsion - HEP)
and Technology B (next-generation turbofans, e.g.,, A320NEO), assessed at three
levels: aircraft design, operational airport scenarios, and long-term fleet renewal
strategies. Both configurations are evaluated using advanced tools including
NoiTra, NoBel, and ADS-based trajectory modeling. This publication is devoted to
the multilevel impact assessment of noise reduction technologies in new aircraft
design on the example of analysis of Technology A with a reference ATR72-600,
while the A320 family serves as a background for airport and fleet levels.

Main material

The EFACA project introduces a comprehensive three-level approach to
aircraft noise assessment, encompassing aircraft design, airport operations, and
long-term fleet evolution. At the aircraft level, detailed modeling of flight
dynamics, engine performance, and hybrid-electric propulsion systems allows for
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accurate evaluation of noise reduction technologies using the Aircraft Design Space
module. At the airport level, the EFACAport simulation platform models real-
world layouts, procedures, and fleet mixes to assess cumulative noise exposure
under realistic operating conditions. At the fleet level, scenario-based simulations
quantify the long-term acoustic benefits of disruptive propulsion systems and guide
strategic planning for sustainable aviation.

At the aircraft level, noise modeling confirms the benefit of HEP
configurations using user-defined UHYBRID flight profiles and NPD corrections (-
4 dB departure, -2 dB approach). Compared to the conventional ATR72 and ATR76
profiles, the EFACA HEP aircraft achieves EPNL reductions of 2-4 dB, particularly
at lateral and flyover certification points. SEL and EPNL contours (80-100 dB) show
that during departure, HEP aircraft reduce noise areas by up to 50% compared to
ATR72 and by 25-30% compared to ATR76. Approach benefits are moderate but
consistent, with 5-9% smaller contours. At the airport level, modeling for Gdansk
Airport—using the FSDS platform and a representative traffic scenario—
demonstrates reductions in Lden and Lnight contours of up to 13% and 11%
respectively for calculation cases with HEP+NPD correction), compared to the
baseline case (AT76 & A320NEO). Notable improvements occur at critical levels of
60-70 dB, influencing airport noise zoning. The fleet structure (70% narrowbody,
21% turboprop) and diurnal distribution (63% day, 20% evening, 17% night) were
considered. Fleet-level modeling aligns these findings with EUROCONTROL’s EAO
2050 roadmap. Fleet renewal alone may account for up to 25% CO: reduction. By
2050, 60% of the fleet is projected to feature CSy-level technologies, including HEP,
LH:-powered, and electric regional aircraft. Technology entry timelines (2030-2040)
affirm the feasibility of widespread deployment.

Conclusions

This study demonstrates that hybrid-electric propulsion, when coupled
with trajectory optimization and NPD curve correction, delivers measurable noise
reductions at aircraft and airport levels. In particular, HEP aircraft show reductions
of up to 50% in noise EPNL contours during departure and 10-15% during
approach when compared to previous-generation ATR72 aircraft. Airport-level
assessments confirm that hybrid configurations yield reductions of up to 13% in
Lden and 11% in Lpight compared to the baseline. Fleet-level modeling confirms the
importance of replacing older aircraft with both hybrid-electric (Technology A) and
efficient turbofan (Technology B) solutions. Their combined implementation offers
synergistic benefits —allowing for cumulative reductions in community noise
exposure and aligning with ACARE 2050 goals.
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Introduction

The global aviation industry accounts for approximately 12 % of
transport sector carbon dioxide (CO») emissions. The continual improvement of
technology and operational capabilities has led to a cumulative fleet fuel efficiency
improvement of 54 % since 1990 and this trend is expected to continue. Greening
aviation is key to our global future. Reducing aircraft operations would severely
impact worldwide economics. Radical and green propulsion alternatives must be
developed quickly. Fast decarbonization is possible if successive waves of
innovation are considered. To achieve a set of future sectorial goals, breakthrough
technologies must be foreseen. Stepwise development to meet environmental
targets - reduction of the fuel burn and emission in aviation sector - the
evolutionary and revolutionary technology solutions to be researched and
implemented complementarily - provides a necessity to formulate midterm and
long-term goals, especially driven by climate change impact of aviation. The
concept of More Electric Aircraft (MEA) covers a number of technologies to be
introduced in aircraft control in flight during nearest decades. MEA solutions are
energy-efficient alternatives to the conventional mechanical, pneumatic, and
hydraulic counterparts. It consolidates power electronics and drives of an aircraft
further reducing the engine autonomy. It is quite suitable for lowering the
dependency of auxiliary aircraft systems on the power supplied from the aircraft
engine. To ensure ultra-low or even zero emissions during flight, there is an
increasing number of international research and development aimed at the
electrification of power plants (PP) and aircraft (A/C) power systems (EFACA
task).

Main material

Comparison of modeling results for the AT76 type aircraft with
conventional and hybrid power plants for the throughout flight profile (EFACA
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task) demonstrates, that application of electric motors at take-off, climb-out and
climb modes leads to reduce mass of fuel burned correspondingly on an average
22%, 22% and 25%. The same trends are found for emissions mass: CO, reduction
was achieved on an average 24% at take-off and climb-out modes, 28% at climb
mode; NOy reduction - on an average 40% at take-off mode, 45 % - climb-out and
43% - at climb mode. The obtained results of local air quality studies at EFACAport
for conventional and hybrid aircraft demonstrates, that implementation of electric
taxi system, as electric wheel leads to decrease CO, NOx concentrations nearly in 1,5
times. With the aim to estimate more carefully the efficiency of hybrid AT76 in part
of the NOx and CO concentration levels the sensitivity cases were implemented for
single aircraft at EFACAport (the layout of Gdansk airport is used for modelling the
European regional airport in EFACA project). The two simple cases were submitted
correspondingly for conventional and hybrid AT76 (1 departure):

1. Taxing by running 2 engines, next acceleration on the runway and take-
off of conventional AT76;

2.E-taxing by using only one engine, which operates in tandem with the
electric wheel for a distance of 462 m . Afterwards, standard taxiing occurs, which
involves running up both engines for the distance of 2012 m (section “CB” and
“BA), next acceleration on the runway and take-off of hybrid AT76.

Obtained results of emission inventory highlighted the reduction of fuel
consumption and emissions of CO, NOyx on 15% at taxing conditions due to using
electric wheel during 81 s. However, during take-off conditions, the reduction in
fuel consumption and emissions of CO and NOx is achieved correspondingly by
15%, 45%, and 26% through the efficiency of the hybrid power plant.

Conclusions:

1. Analysis of the EFACA preliminary studies has demonstrated the
results of fuel burn assessment of the individual technologies for different aircraft
groups. In general, the rolled-up engine technologies contribute larger fuel burn
benefits than aircraft aerodynamic and structural technologies only.

2. Comparison of modeling results for the AT76 type aircraft with
conventional and hybrid power plants for the throughout flight profile (one of the
EFACA tasks) concludes that application of electric motors with 25 % of the engine
power at take-off, climb-out and climb modes leads to reduce mass of fuel burned
correspondingly on an average 22%, 22% and 25%. The same trends are found for
emissions mass: CO, reduction was achieved on an average 24% at take-off and
climb-out modes, 28% at climb mode; NO, reduction - on an average 40% at take-
off mode, 45% - climb-out and 43% - at climb mode.

3. The obtained results of air quality studies at EFACA port for
conventional and hybrid aircraft show that the implementation of electric taxi
system such as electric wheel leads to a decrease in CO, NOx concentrations by
almost 1.5 times.




54

Turboprop Aircraft Improvement for Clean Aviation
Requirements and Goals

Witalii Makarenko, 'Olexandr Yakushenko, 'Vadim Tokarev, 'Kateryna Kazhan,
1Kateryna Synylo, >Oleksandr Zaporozhets

! State University “Kyiv Aviation Institute”
2 ¥ ukasiewicz Research Network - Institute of Aviation

E-mail: vitmakarenko@kai.edu.ua,

Introduction

Flight trajectory is a prerequisite for the evaluation of noise and the
emission of harmful substances. Noise and emission are an integral part of aviation
operations. However, noise and emissions can be reduced by modifying the
propulsion system and operating the aircraft in an optimal way. The procedure
required to construct an optimal trajectory for the hybrid electric propulsion system
used in turboprop aircraft is presented. Clean aviation focuses on reducing the
environmental impact of air travel by lowering emissions and improving efficiency.
The research shows the extent to which CO: and NO, emissions can be lowered
compared to ATR72 propelled with gas-turbine engines (GTE) only. The core of the
method for estimating noise and emission on the conceptual design stage of the
aircraft consists of the following modules: a module for calculating the working
process of GTE; an in-flight profile calculation module; a module for calculating
parameters of emissions of pollutants; and a module for calculating the noise
characteristics of aircraft with hybrid power plants at the take-off and landing
stages. We show how to apply the first two modules for the construction of a
trajectory, which can be used as an input to the later two modules.

Main material

The example of the parallel configuration of hybrid electric aircraft (HEA)
was considered. For this configuration, the hybrid power plant of the ATR72
consists of the GTE and the electric motor (EM) connected through a common
gearbox. A new GTE for HEA does not require producing as much power as the
original one since EM has additional power. Because of this, the weight of GTE was
decreased. We perform the analysis for the future aircraft having battery with a
specific energy density of 0.8 kWh/kg. When the difference between engine masses
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is multiplied by the factor of installed weight 1.39, we obtain 191.7 kg of the freed
mass due to the installation of a smaller engine. To account for the added weight to
the ATR72, we subtracted the mass of 2 motors with controllers (250 kg), 241.7 kg of
batteries, a total of 250 kg for the gearbox, and wiring and cooling from the mass of
fuel onboard the ATR72. The hybrid configuration has 358.3 kg less fuel than the
conventional configuration. In this way, there is no difference in mass between
conventional and hybrid versions of the ATR 72.

The usage of a genetic algorithm was suggested for satisfying the
requirements of the flight crew operation manual and optimizing for the noise at
the certification point. As the control parameters for optimization, the parameters
related to pilot inputs were used. These included angle of attack (AoA), power lever
angle (PLA), and the time of flight at which the changes of these inputs were done.
To lower the amount of parameters that are optimized, the usage of membership
functions was suggested for formulating functional dependencies of AoA and PLA
as functions of time for separate segments of flight.

The maximum flight range of the ATR72 in the hybrid configuration
constitutes 93.4% of the flight range of the ATR72 with conventional PP. For the
maximum flight range, HEA used 8.1% less kerosene compared to conventional
aircraft. The benefits of usage of HEA for reduction of ecological impact will be
more noticeable on shorter distances.

Conclusions

The module for calculating parameters of emissions of pollutants showed
that for obtained trajectories the CO2 reduction was achieved on an average 24% at
take-off and climb-out modes, 28% at climb mode; NOy reduction - on an average
40% at take-off mode, 45% - climb-out and 43 % - at climb mode.

In contrast to existing methods for calculating the flight path, the
improved method made it possible to fulfill the operational limitations and reliably
predict the speed, altitude, fuel consumption, thrust, and pitch angle of the aircraft
in the form of continuous functions of time throughout the flight profile. As a result
of research, the new method for estimating the trajectory of HEA was developed.
This method allows for accurate estimation of trajectory parameters as monotonous
functions of time. It enables the evaluation of airplane performance with the hybrid
power plant. The new method allows obtaining a trajectory for estimating distance
to the receiver of sound, thrust for estimating radiated sound power, and pitch of
the airplane, which influences the directivity of sound propagation. The described
method can be applied to any airplane.
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Introduction

The article presents the results of a comprehensive study of the impact of
road transport on the state of atmospheric air in the industrially loaded city of
Kryvyi Rih, which is one of the largest industrial centers of Ukraine. The focus of
attention is the analysis of vehicle emissions, which, along with industrial
enterprises, form a significant part of the total man-made load on the environment.

Main material

The study is based on monitoring data for 2021-2023, obtained as a result
of instrumental measurements on the main transport arteries of the city. The levels
of concentrations of the main pollutants were analyzed - CO, NO;, SO, volatile
hydrocarbons, gasoline and PM, which pose a significant threat to public health,
especially in conditions of high building density. A significant part of emissions is
formed as a result of fuel combustion in internal combustion engines, as well as in
the process of evaporation of fuel and lubricants. The problem is exacerbated by
factors related to the aging of the vehicle fleet, low fuel quality, inefficient driving
modes, overloaded junctions, as well as imperfect logistics of urban traffic. At
many transport hubs, the maximum permissible concentrations (MPC) were
recorded for key indicators: the levels of CO, NO., SO: and gasoline vapor
exceeded the standards by 1.5-2.5 times. In particular, critical emission values were
detected at the 95th block rings, the bus station, the Defenders of Ukraine Square
and intersections with heavy traffic. In order to reduce the environmental load and
increase the level of environmental safety, the article substantiates the need to
implement the principles of ecology - an interdisciplinary approach that combines
logistical, environmental and technological solutions. The authors propose
strategic measures, including: the development of environmentally safe public
transport systems, modernization of urban transport infrastructure, automation of
real-time emission monitoring, creation of restricted traffic zones, increasing the
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share of electric transport, the use of biofuels and digital traffic modeling taking
into account environmental parameters. The feasibility of open public access to
environmental monitoring data as an element of transparent management is also
considered. In conclusion, the results of the study confirm the existence of a close
relationship between transport intensity, air quality and population health. The
solutions can be adapted for other urbanized regions of Ukraine, which gives
reason to consider the developed model promising for the formation of national
transport and environmental policy.

Conclusions

According to the results of the conducted research, it was found that not
only industry, but also road transport have a significant impact on the state of
atmospheric air in the city of Kryvyi Rih. According to monitoring data, in areas
with the most intense traffic, the level of pollution by CO, NO; and gasoline vapors
constantly exceeds the maximum permissible concentrations (0.7-1.9 MPC), and the
content of hydrocarbons reaches 2.8 MPC. At the same time, sulfur dioxide SO;
indicators remain at the level of 0.16-1.2 MPC, although with periodic exceedances.
The lack of effective exhaust gas cleaning systems in many cars, outdated
technologies, poor-quality fuel - all this increases emissions of CO, NO: and organic
compounds. In addition, insufficient development of public transport, poor road
network planning and the lack of alternative routes contribute to the formation of
excessive traffic congestion in certain areas. In the context of environmental safety
and taking into account the principles of ecology, these problems require a
comprehensive solution. In particular, it is advisable to implement the following
measures:

— creation of an automated monitoring system on highways with open access
to environmental data;

— development and prioritization of environmentally safe public transport
(electric buses, trams);

— modernization of the vehicle fleet, increased control over the technical
condition of vehicles;

— introduction of standards for the quality of fuel and fuels and lubricants;
— support for the use of alternative fuels (biofuels, electricity);

— formation of ecological logistics zones, restriction of entry into the center
for transport with high emissions;

— optimization of transport flows through digital management systems,
environmental modeling and planning.
Thus, the integration of environmental principles into the city's transport

policy is a key condition for achieving a balance between mobility, safety, and
environmental protection in industrially loaded regions such as Kryvyi Rih.
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Beryn

OcobnmmBOCTI eHepreTMYHOTO0 BUPOOHMIITBA 3YMOBIIIOIOTH 3aJIEXKHICTh
pexvmMy pobotnt EEC Ta il eHepreTnuHmX 00'€KTiB — €IeKTPOCTaHIIiV, IiICTaHIIiM,
JIHIN eexTporepenad - Big peXuMy cHOXMBaHH:A eHeprii. Ha enexrpuune
HapaHTaxeHHs1 EEC BmmBatoTe daxTtopm isMIHOTO, BMPOOHUUOTO Ta
robyToBoro xapaxrepy. CymapHui rpadik HasaHTakeHHs EEC HepiBHOMIpHWMI
depe3 TIOOyTOBUII PEXMUM HacelIeHHs, PoOOTy eIeKTpudiKOBaHOTO MiChKOTO
TpaHCHOpTy. BimcyThicTh  mgocTaTHBOI  MOTYXXHOCTI  MaHeBpeHMX JpKepell
BUPOOHMIITBA €JIEKTPOEHePril € OCHOBHOKIO IIPWYMHOI poOOTI  TeIUIOBUX
€JIeKTPOCTaHIIiVI Y MaHEeBPEHOMY PeXWMi, 110 00YMOBJIIOE IiIBUIIIEHHS IIMTOMX
BuUTpaT masmBa. OgHMM i3 3aXOfdiB BUPpIIIeHHS IpobIeMy HepiBHOMIPHOCTI €
BIIPOBa/)KeHHs CTUMYJIIOI0UMX TapudiB Ha eJIeKTPUYHY eHepIiko.

OcHoBHMII MaTepian

Ha TenepimHin vac 3alIpoIlOHOBaHO JIs1 OLIiHIOBaHH:S HepPiBHOMipPHOCTI
piBHS edeKTMBHOCTI BUKOPUCTaHHS e€JIEKTPUYHOI eHeprii MpOMMUCIOBUMU
HiAIPVEMCTBAMM IIPOTSITOM A00M TaKmx KoediIlieHTiB sK: KoedillieHT MaKCUMMYMY,
KoedillieHT 3amoBHeHHsI rpadika HaBaHTaXeHH:, KoedillieHT PpiBHOMipHOCTI,
4yCiIo TOAMH BUKOPUCTAaHHA MaKCMMyMy HaBaHTaXeHH:. SIk mpaBwio Bci mi
KoedillieHTM He JTafoTh XapaKTepUCTUKY BChOTO Ipadpika HaBaHTakKeHHs, a TUIbKU
OKpeMMX XapakTepucTMK Tpadika. 3alpoOIOHOBAHO PO3pOOUTH ITOKA3HMK
BUKOPVICTaHHS MaKCMMaJIbHOI IIOTY>XKHOCTI B Yacy MaKCHMMyMy eHeprocucTeMiu Iyt
IDPOMMCIIOBMIX — IANPWMEMCTB, SKUI  HEOOXiZHO  3acTocyBaTM B CUCTeMi

€HepreTMYHOrO0 MOHITOPVIHTY.

3micmobne gpopmysroBanna 3adaui. Hexart mocrmimKyBasbHa BUpPOOHMYa
cucTeMa Ma€ PeXWMM eJIeKTPOCIIOXWBAaHHS, IO XapaKTepus3yeThCs J000BMM

rpadikoM eJIeKTpUYHOro HaBaHTaKeHHS BUPOOHMYOI cCuUCTeMM, IO Mae
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iMOBipHICHUTI XapaKTep. B TromuHM MakcMMyMy IIOTY>XXHOCTi eHeprocucTeMu
BUPOOHMYA CUCTEMa CIIOXMBaE eJIeKTPWYHY eHeprio, 1o MOBMHHA OyTw HIDKYe
3aIUIaHOBaHOI BeIMumMHM. [ToKa3sHMK II0OBMHEH BKJIIOYATV OCHOBHI XapaKTePUCTUKNI
PeXuMy eJIeKTPOCIIOKMBAHHS BUPOOHMYOI CUCTEMM, 3a SKVMU OIIHIOETHCS
edeKTMBHICTb BUKOPWUCTaHHS e€JIeKTPUYHOI eHeprii B dYacuM MaKCUMyMy
HaBaHTaXeHHsI eHeprocucreMiu. HeoOximHO 3HaWTM MOKAa3HUK eQeKTMBHOCTI
BUKOPWMCTaHHS 3aIUIaHOBOI BeJIMYMHM eJIEKTPUYHO]I IIOTY>KHOCTI, IO BiJIIOBigaB on

HaCTyIIHVM BUMOIraM:

1. Pexum eaexmpocnoxubanns Bupodnuuoi cucmemu. IlokasHMK TOBUMHEH
BKJTIOYAaTV OCHOBHI XapaKTepUCTMKM PeXWUMY eJIeKTPOCIIOKMBaHHSA BUPOOHIYOL
CUCTeMM, 3a SKUMM OIIHIOETbCS edeKTUBHICTh BUKOPWUCTAHHSA eJIeKTPUYHOL

HOTY>KHOCTI IIPOMMCIIOBVIX IIAIIPVEMCTB.
2. Monomonnicms. ITokasHMK Ma€ xapaKTepu3yBaTycs PYHKIT€0.

3. Kpumuunicmv 0o mnapamempib, 1m0 BapiooTbcd. [lokasHUK Mae
BIAIOBIZHMM  4YMHOM  pearyBaT¥  Ha  3MiHy  IIOKasHMKIB  pPeXuMy

€JIEKTPOCIIOXVIBAHHSI.

4. Yymaubicme. Po3Mip mokasHMKa IIOBMHHA BimpisHATVICS Ha HOCTATHIO

IUTA aHaJIi3y BeJIMUMHY .

5. HopmoBanicms. BifmoBigHO 110 1€l BJIACTMBOCTI umcesIbHe 3Ha4YeHHS
MOKa3HMKa Mae OyTH yKilaJeHo MK MaKCVMaJIbHVIM Ta MiHIMaJIbHUM 3HauYeHHSIMU
BiTHOCHMX IIOKa3HMKiB. . Llg BuMoOra He BIUIMBa€ Ha pe3yJbTaT OLIHKWM PiBHSA
edeKTMBHOCTI BUKOPWUCTaHHA IUIAHOBOI BEJIMUMHU PEXUMY CIHOXMBaHHSA

eJIeKTpOeHeprii.

6. [opiBuanicms pesyavmami6 oniHKM edpeKTMBHOCTI IJIsI BUKOPUCTaHHS B
eHepreTYHOMY MOHITOPVHTY.

Mamemamuune opmyaroBanna 3adaui. Hexam pocmimxyBasbHa
BMpPODOHIMYA CHCTeEMa CKIIQJA€ThCH 3 KiHUEHOI MHOXMHM Xo CYKYIHOCTI rpadikis
eJleKTpU4HOro HaBaHTaXxeHHs. CQopMOBaHO MHOXWMHY Xpuax - €JI€KTpUUIHE
HaBaHTa)KeHHsI BUPOOHMYOI CHUCTeMM B TOOMHM MaKCUMyMy HaBaHTa)XKeHHS
eHeprocucreMy. HeoOxigHO BM3HAYMTM TaKCOHOMETPWUHY OLIHKY BUKOPVICTAHHS
IUTAaHOBOI BeJIMYWHM Xi Y BUIIIAAL MacuBy d4*. HartOineim cxramao0 mpobiemMoro mir,
4Jac 11o0y10BY MOKas3HMKa epeKTMBHOCTI BUKOPUCTaHHS 3aIUIaHOBOI BEJIMUMHU €
BUOip Ta OOIpyHTYBaHHS BUAY 3aJ1€XKHOCTI:

K= f(xl, Xy, .o, X, a1, Ay, ..., an),
Zie ai, a,...., A, — KoedillieHT BaroMocTi,

X1, X2, ..., Xn — 3HadeHHs 30-xBWIMHHOI MaKCMMaJIbHOI IOTYXXHOCTi 3a

TrOAVHM MaKCVIMyMy HaBaHTa’>KeHHS €eHEProcrcTreMI.
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AHarti3 pi3HUX MeTOOMK, NPWUCBSUEHMX IT0OyIOBi OIiHOK, BMKOHAHWII
CBimumMTh TIpo Te, 110 BUOIp (PYHKIIOHAJIBHMX MOKA3HWKIB, a TAaKOX KoedillieHTiB
BaroMOCTi Ta OIIHOK YacTMHHMX KoediIlieHTiB y OaraTbox poOoTax 3IilICHIOETHCS
6e3 mocraTHROrO OOTpyHTYBaHHS. Lle mpm3BoANTE He auIle IO TPyOMX, a ¥ 4acTo
1o xMOHMIX pe3ysbTaTiB. Y 3B'SI3KY 3 THM, IO eJIeKTpIYIHe HaBaHTaXeHHS Ma€ OIHY
disnuHy Ipupony, YacTMHHI KoedillieHTM MafoTh OOHY i Ty X Bary, II[0 JOPIiBHIOE
OIVHMIIIL.

s oniHroBaHHS edeKTMBHOCTI BUKOPUCTaHHS IUIAHOBOI BeJIVMYMHM
eJIeKTPUYHOI  IIOTY>)KHOCTI ~ IMPOMMCIOBMX  IIAIPUEMCTB  3aIIpOIIOHOBAHO
TaKCOHOMeTPWYHMI  IIOKa3HWMK. DBBegeMo  TaKCOHOMETPUYHMI  ITOKa3HMK
OIIiIHIOBaHHS CYKYITHOCTi eJIeKTPUYHOI IIOTY>XHOCTi, IO € KOMIUIEKCHOIO
BEJTMIMHOIO, PiBHOMIIOUOIO BCiX CKIaAoBMUX rpadika eIeKTpUYHOI IIOTYXXHOCTI B

TOIIVIHV MaKCUMYyMY IIOTY>XKHOCTi €eHeprocrcTeMI.
Aneopumm pospaxyHky maKcoHOMemMpuuHoe0 NOKASHUKA CKAAOAEMbCA 3 MAKUX
KpoKib:

Kpox 1. BusHaueHH: ejleMeHTiB MaTpuii X:

X X2 e Xy Xin
X1 Xpp e Xy Xon
X = ,
Xi1 Xi2 xij Xin
Xl Xpa e Xy e Xy
me xj - 30-xBWIMHHI 3Ha4eHHS eJIeKTPUYHOI IIOTY>XXHOCTI B TOOVIHU

MaKCHMyMYy TIOTY>KHOCTi €HeprocucTeM;
m - KiNbKicTh rpadikis eJIeKTpUIHOT ITOTYXHOCTI
1 - umcsio 30-XBWIMHHMX 3Ha4YeHb eJIeKTPUYHOI IIOTY>KHOCTI.

Kpox 2. Y 3B'I3Ky 3 TMUM,IIO ejleMeHTH MaTpulli MaloTb OIHAaKOBY
disnuHy Ipupody, BOHM He MOXYTb He IifUIAraTyi HOPMYBaHHIO, ajle MOXXHO
3aCTOCyBaTV BUKOPWMCTaHHS HACTyIIHy (POpMyJly HOPMYBaHHS IO He IPU3BOAUTE
H0 3MiHEHH: pe3yJIbTaTiB BU3HAUeHHs TAaCOHOMEeTPUYHOIO ITOKa3HMKa!

H _ Xy =4, ,

O,

me X ; — CepeJIHe 3HAYeHHsI eJIeKTPUYHOT MOTYXXHOCTI X i MaTpuLi;

Oj — cepelHE KBaJlpaTiiHe 3SHaUYCeHH ManVIHi,




Kpox 3. BusHaueHHs eTajloHa BMKOPWMCTAaHHS 3aIUIAHOBAHOI BeJIVMYVHW
€JIeKTPUYHOI IIOTY>XHOCTI IIPOMMCIIOBMX IIignpueMcTB. EtajonoM, 3 sKUM

IIPOBOAVITBCSL HOpiBHSIHHSI, CIIY>KUTD 3alllIaHOBaHa BeJIM4YMHa.

Kpox 4. PospaxyHOK eJjIeMeHTiB MaTpPUIIi BifICTaHel 3 ypaxXxyBaHHIM BCix
eJIeMeHTiB MaTpUIli eJIeKTPUUHMX HaBaHTaXeHb BUKOHYBaBCS 3a (POPMYIIO0
eBKJIiTOBOI BifICTaHi:

1
m ) A
dig= (X —Xp,) ’
i=1
Ile dip — BigCTaHb MiX i-TMM TpadikoM eIeKTPUYHOrO HaBaHTaKEHHS Ta

IUIaHOBOIO BEJIMYIHOIO;
Xin — PaKTMUHe 3HaUeHHS eJIeKTPUIHOI ITOTY>KHOCTI;

Xon - 4YMCIIOBe 3HAYeHHS H-03HaK¥M [JId 3alUIaHOBAHOI BeJIMYMHU

€JIEKTPUYHOTO HaBaHTaXKeHHS.
Kpox 5. Orpumani BiAcTaHi oIyXaTb BXiOHMMM JaHMMM, IIO

BUKOPVICTOBYIOTBbCSI IIif Yac pO3PaxXyHKY TaKCOHOMETPUYHOIO ITOKa3HMKa
edeKTMBHOCTI BUKOPMCTaHHS 3aIUIaHOBAHOI BETMUIMHM eJIeKTPUYHOI ITOTY>KHOCTI:

)2

m
T\2
J _ _ m g d i0 d 0)
* . _ _ 0 _ =1
d" = %, dy=dy+ S, dy= "/ . 5=
0 i=1 m—1
3HaueHHs TaKCOHOMEeTPWYHOTO ITOKa3HMKa edpexTMBHOCTI

BUKOPWCTaHHS 3aIUIAHOBAHOI BETMUMHU eJIEKTPUYHOI IOTYXXHOCTI BU3HAYAETHCS
w1 KoedirtieHTa p=2,5.

IaTepmipeTarniga 7oro HacTyIlHa, YMM OJIvDKYe ITOKAa3HWMK IO HYJIS, TUM
BUIIle piBeHb BUKOPWCTaHHS 3aIUIaHOBAaHOI BEIMUMHM €JIEKTPUIHOI IOTY>KHOCTI
IIPOMMCIIOBYIX HifgnipueMcTB. OTpUMaHHS 3arajIbHOI KapTUHM 1010 BUKOPUCTaHHS
3aIUTAaHOBAHO! MAaKCVMAaIBHOI TIOTY)XKHOCTI Ha HPOMMCIOBUX IMiAIPUEMCTBAX
IUISXOM MOHITOPMHIY Ta BW3HaueHHs YIIPaBJIgl0uMX il 3 MeTOI BIUIMBY Ha
eJleKTpUYHEe HaBaHTAXEHHs, [O3BOJISIE IIOBUINUTU piBeHb edeKTMBHOCTI

€HepProBUKOPCTaHHS.
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Modification of Petroleum Bitumen Using Humic Acids:
A Comprehensive Study

Myroslava Donchenko, Yuriy Prysiazhnyi, Taras Chipko
Lviv Polytechnic National University

E-mail: myroslava.i.donchenko@lpnu.ua

Introduction

To improve the performance properties of bituminous binders used in the
design of asphalt concrete pavements, various types of modifiers - differing in their
action, origin, and application methods are introduced into their composition.
However, among the drawbacks of most modern industrial modifiers, their high
cost should be particularly noted. This stimulates active scientific research aimed at
identifying more accessible raw material sources and developing economically
feasible technologies for modifying petroleum road bitumen. Based on an analysis
of the experience in using various substances and their effects on the characteristics
of finished road pavement, the authors proposed the use of humic acids to enhance
bitumen properties.

Main material

Based on a series of studies involving the use of humic acids, the authors
identified certain optimal patterns of their interaction with bitumen. In particular,
the most pronounced positive effect on bitumen was observed when the acid
content was 2.0 wt. % and the modification duration was 1 hour [1]. The next stage
involved determining the optimal modification temperature. To this end, drawing
on laboratory experience with the modification of road bitumen using various
additives, three temperatures were selected: 120 °C, 150 °C, and 180 °C.

These and subsequent studies were carried out using humic acids
derived from Ukrainian lignite and oxidized bitumen of grade BND 70/100,
sampled at PJSC "Ukrtatnafta" (Kremenchuk, Ukraine).The results of the research
are shown in the Table 1.
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Table 1
Modification of Road Bitumen BND 70/100 with Humic Acids
BND Va}ues for Samples Modiﬁed
Index 20/100 with 2.0 wt.% Humic Acids
120 °C 150 °C 180 °C

Softening point, °C 52,8 54,0 54,6 55,4
Penetration at 25 °C, dmm 78 72 58 54
Ductility at 25 °C, cm 58 15 12 9,5
Elastic recovery at 25 °C, % 17,5 28,7 23,4 23
Adhesion to glass (%) 65 60 67 64
Adhesion to gravel, mark 3,5 35 35 35
Resistance to hardening at 163 °C (RTFOT method):
mass change, wt. % 0,086 0,156 0,129 0,086
softening point change, °C 6,8 5,4 5,2 5,6
retained penetration, % 50 68,6 69 74,1

Analyzing the changes in the indicators presented in Table 1, it can be
concluded that with increasing modification temperature: the thermoplastic
properties of the samples slightly deteriorate; the adhesive properties remain stable;
the elasticity of the samples increases slightly; and the properties of the modified
samples after heating using the RTFOT method improve significantly compared to
the original bitumen.

Conclusions

In summary, it can be concluded that humic acids have the most
beneficial effect on the resistance of bitumen samples to technological aging and can
be recommended as aging inhibitors. Moreover, based on the overall changes
observed in the samples with increasing modification temperature, it is evident that
the most positive impact of humic acids occurs at a temperature of 120 °C. Further
increases in temperature lead to the deterioration of the initial properties of the
modified samples and are therefore considered impractical. In addition, the next
stage of the research will involve studying the nature of the interaction between
lignite-derived humic acids and bitumen.




Obtaining and Properties of Surfactants of Plant Origin
for Bitumen Modification

Olha Poliak, Volodymyr Gunka, Ivan Sukhomlyn
Lviv Polytechnic National University

E-mail: olha.y.poliak@lpnu.ua

Intrduction

Among organic binders, petroleum bitumens have found the widest
application in road construction. One of the most important indicators that
determine the quality of asphalt concrete during operation is the adhesion of
bitumen to the surfaces of mineral materials. Adhesion additives significantly
improve the bonding between bitumen and mineral surfaces, considerably
enhancing the long-term water resistance and frost resistance of asphalt concrete
pavements. This ensures greater durability of road surfaces under the influence of
moisture and low temperatures, reduces the risk of damage, and extends their

service life.
Main material

At present, surfactants (surface-active agents) are the most widely used
adhesion additives, as they enhance the water resistance and other performance
characteristics of asphalt concrete by improving the bonding of the bitumen film to
mineral materials. It is precisely through the introduction of special additives such
as surfactants that the interaction between bitumen and aggregates is improved,
surface tension is reduced, and a stronger bond is ensured.

One of the promising directions for improving bituminous binders is the
use of natural modifiers, particularly amides of higher fatty acids of plant origin.
These compounds are obtained from vegetable oils through their interaction with
amines. They are capable of enhancing bitumen adhesion to mineral aggregates,
lowering the brittleness temperature, increasing plasticity, and reducing the rate of
aging. Due to their environmental friendliness and availability, these additives have
the potential to become an effective alternative to conventional petrochemical-based

modifiers.

Amide-type additives were obtained by continuously stirring crude
rapeseed oil with polyethylene polyamine (PEPA) at a temperature of 140 °C for 4
hours. The PEPA content in the mixture was 20% by weight.
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Bitumen grade BND 70/100, supplied by PJSC “Ukrtatnafta”
(Kremenchuk), was used as the base material for modification with the obtained
additives. The bitumen modification process with the surfactant was carried out at
a temperature of 150 °C for 30 minutes. The amount of additive introduced into the
binder was 0.4% by weight. After modification, the main physical and mechanical
properties of the bitumen were determined, as presented in Table 1.

Table 1

Main properties of bitumen modified with surfactants

Virgin bitumen BND 70/100 + 0.4% by
Parameter .
BND 70/100 weight of surfactant

Penetration at 25 °C, 0.1 mm 70 65

Softening point, °C 48,5 495

Ductility at 25 °C, cm 99,8 101,4
Adhesion to glass at 85 °C, % 37,2 93,5
Adhesion to crushed stone, 3 5

points

It has been established that the obtained additives practically do not alter
the operational properties of bitumen; however, they exhibit exceptionally good
adhesion properties. This is evidenced by the increase in adhesion to the glass
surface: from 37.2% in the original bitumen to 93.5% in bitumen with the adhesion
additive, and the adhesion to crushed stone increased from 3 to 5 points,
respectively.

The obtained additives, in terms of their adhesion to mineral materials,
correspond to the adhesion additives based on surfactants according to DSTU
9187:2022. After the introduction of these additives, bitumen forms a stronger bond
with the mineral particles present in the asphalt concrete mixtures.

Conclusions

The properties of plant-based additives based on polyamine have been
studied. It has been established that the obtained amide-type additives do not
significantly affect the physical and mechanical properties of bitumen, but they
significantly improve adhesion to mineral materials. The improvement of adhesion
to mineral materials due to plant-derived surfactants enhances the efficiency of
bitumen usage and ensures a longer service life of road pavements.

Thus, the development and implementation of plant-based surfactants is
a relevant direction for creating more durable, effective, and environmentally
friendly bituminous materials for road construction.




Isobutyl Oleate from Ukrainian Oil Sources as
Component for Lubrication Liquids:
Synthesis and Properties

Stepan Zubenko, Serhiy Konovalov, Lyubov Patrylak

V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of National Academy of Sciences of Ukraine

E-mail: S.o.zubenko@ukr.net

Introduction

Isobutyl oleate has a wide range of applications, from the food industry
and textile/leather production to metalworking processes and industrial lubricants.
This research presents isobutyl oleate as a component of lubrication liquids.
Isobutyl oleate can be produced by transesterification of oil tryglicerides,
esterification of fatty acids, and simultaneous esterification/transesterification of a
mixture of triglicerides and fatty acids.

Main material

Transesterification of oil triglycerides under mild conditions (room
temperature, 0.5 h) and low excess alcohol (4.5 mol/mol alcohol to triglycerides)
was efficient with an alkaline potassium isobutoxide catalyst. Which can be
obtained from a solution of potassium ethoxide by distillation ethanol after addition
of isobutanol. Or direct distillation of the reaction water from a mixture of
potassium hydroxide and isobutyl alcohol to form a heterogeneous azeotrope. As a
result of alkaline transesterification of used frying oil and the use of both methods
to produce potassium isobutoxide, the yield of isobutyl esters is 89-92%. At the
same time, the appearance of a glycerin layer was observed, wich greatly facilitates
the process of product cleaning.

Esterification of fatty acids using the homogeneous catalyst pTSA
allowed to obtain products with conversion above 90%. In addition, the
combination of lowering the molar ratio of alcohol/fatty acids (up to 3 mol/mol)
and removing reactive water by azeotrope distillation and condensation in a Dean-
Stark trap allows for quantitative fatty acids conversions in 1.5-2 h. This tendency is
maintained when using of heterogenic catalyst Purolite CT275 (mesoporous
sulfocationite). The quantitative conversions were achieved by removing watwe in
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a Dean-Stark trap (2/1 molar ratio of alcohol to fatty acids, 5% catalyst, 4 h). It was
noted that the esterification and transesterification reaction were carried out on
highly acidic oil (FFA 3-41%) using pTSA (yields 90-100%, Dean-Stark trap to
remove water, 5 h).

Commercial products named “isobutyl oleate” have a relatively wide
range of properties. The products of both acidic and alkaline synthesis were
purified by several purification steps, including vacuum distillation, wich allowed
to obtain isobutyl oleates with esters purity 96-100%. Six samples of isobutyl oleate
were obtained using different oils (used frying high oleic and traditional sunflower,
technical rapeseed and soybeen) with the content of oleic acid isobutyl oleate in
sample varying from 25 to 82%. The products are characterized by a pour point in
the range of -14 to -24.5 °C, a kinematic viscositys 5.24-5.88 mm?/s at 40 °C and
2.15-2.31 mm?/s at 100 °C, and viscosity indexes in the range of 250-320.

Conclusions

It is shown that technical isobutyl oleate of high purity can be obtained
from various sources of Ukrainian oils. Depending on their acidity, a catalyst can be
chosen (potassium isobutoxide, pTSA or mesoporous Purolite CT275). The use of
water removal from the reaction medium gives quantitative conversions of acids
and acidic oils. The resulting products are characterized by good pour point and
viscosity index values.




Busnauenns EHeprermanmx Xapakrepucrmk
I'azomonioHmx Ilams

Ouexcandp Egimenko
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®Oinig «LIMI'C» HanjonanpHot akiioHepHoi koMmnaHil «HadToras Yxpaium»

E-mail: Yefimenko@naftogaz.com

Beryn

AKTyasipHICTE 1 OpOOJIEMHICTh TaKMX NONTaHb, SK HOPMYBaHHS i
BUMIpIOBaHH: ITOKa3HVKIB SIKOCTi IIPMPOIHOTO ra3y Ta po3po0JIeHHs KOMIUIEKCHOT
CUCTeMM OLiHIOBaHHsA VIOrO SIKOCTI dK €HeproHocCid Ha CbOIOJHI € OIHI€ 3
OCHOBHIX IIpo0sieM. Bu3HadeHHIO SKOCTI HNPMPOOHOrO Tra3y Ha/A€TbCS 3HaYHa
yBara, ofHaK 37eOiJIbIIIOro TAeThCs PO BIOCKOHAJIEHHS BUMIpIOBaHb OKpEMUIX
70T0 (Pi3MKO-XiMIUHMX XapaKTepUCTUK (BJIaCTMBOCTEVN), 30KpeMa, KOMIIOHEHTHOIO
CKJIaJly 1 BOJIOTOCTi, Ha OCHOBI SIKMX TEOPeTMUHMMM pO3paxyHKaMml BMU3HA4alOTb
iHIIl BJIACTMBOCTI ra3y — HWUTOMY TeIUIOTYy 3rOpaHHs, BiIHOCHY IyCTMHY, YMCIIO
BoG0e.

OcHoBHMUI MaTepian

Y €Bponericbkix KpaiHax gK i B YKpaiHi OCHOBHMMM eHepreTUYHVMU
ITOKa3HMKaMM SIKOCTi IIPVIPOJHOTO ra3y € TeIUIoTa 3ropaHHs Ta unciio BobOe. Ase B
Yxpaini oruiata BigOyBaeTbcs 3a CHOXWUTI KyOOMeTpu Tasy, He3alIeXKHO Bif, TIOrO
eHepreTMYHO! IIiHHOCTI, a B €BpOIENMChKMX KpaiHax — 3a 1I0I0 eHepreTUYHVMU

IIIHHOCTSIM.

Y micisBoeHHUI Ilepiod, HaceJleHHd Ta IIANPUEMCTBa YKpalHU
HepeviiyTh Ha €BPOIEVICbKI HOpMM OIUIaTH 3a CIOXWTWUIL ras. buleln Toro,
MOKa3HWKM 4KOCTi rasy, HalpuKIaz, TeIloTa 3rOpaHHS — BU3HAYacThCS
CIIAJIIOBAaHHSAM HaBaXXKM Tra3y B KaJopMMepwdHint OoM0i, Tak Xe sk 1 iHmii
MOKa3HMKM 4KOCTi, TOOTO cTaHmapTaMM Ha KOXHWI IIOKa3HMK OKpeMo, a
Mertpomnoriunun nentrp HAK «Hadroras VYkpaiam» po3poOws MeTommkm Ta
IHCTpYKLII  INOOO  BMU3HA4YeHHS  OCHOBHMX  IIOKa3HMKIB  $IKOCTI  rasy
xpomaTorpadiuHuM MeTomoM. TobTo, BM3HAUYMBIIM BYITIEBOIHEBUII CKJIajl Tasy,
3aCTOCyBaBIIM IIporpaMHe 3a0esIledeHHs, BW3HAYAlOTBCS OCHOBHI ITOKA3HMKM

SKOCTI.
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BusHaueHHsI ~ eHepreTMUHUX  XapaKTepUCTUMK IIPUPOAHOIO  Trasy
HpoBoAUThCcA B Jjabopatopil LleHTpy MeTposorii Ta ra3oposnomiIbumMX CUCTEM
HaITiOHaJIPHOI aKIlioHepHOI kommaHil «Hadroras Yxpainm», Bignmosinao o MBX
04-021:2021 «MeTonmka BMMipiOBaHb KOMIIOHEHTHOIO CKJIajly HPUPOIHOTO Trasy
MeTOZIOM Ta30BOi Xpomarorpadii Ta oOuMcIeHHs T'yCTMHM, BiJHOCHOI T'YCTUHMU,
TeIUIOTH 3rOpaHHs Ta umciia Boboe».

Llevt mOKyMeHT BCTaHOBIIIOE METONMKY BMUKOHAHHSA BuMipioBaHb (MBB)
TYCTVMHM, TeIUIOTM 3TOpaHHA Ta 4Yuciaa Bob6e mnpupombuoro rasy (III) 3a
pesyibraTaMi  xpoMmaTorpadigHoro aHamizy — KOMIIOHEHTHOTO  CKIIamy 3
BUKOPVCTaHHSM ra30Boro XxpoMarorpada tuy Agilent 6890 N abo aHastoris.

byna Bini6pana Ta nmpoanasiizoaHa Impoba rasy Ha KOMIIPECOPHIVl CTaHIIil
Ne 3 M. bosipka. Pesynprati xpoMarorpadivHoro aHasizy HaBemeHi B Tabm.1.

Tabauya 1
PesynpraT ananisy npupoasoro rasy KC 3 m. bosipka
Hassa koMrioHeHTIiB Bwmict, % Mort. P03Lm/1pe.Ha
HeBU3Ha4eHicTb, %
Mertan 87,0777 0,1497
Etan 5,4757 0,1121
ITponan 1,4976 0,0362
iso-bytan 0,1631 0,0067
H-ByTan 0,2645 0,0190
H-TTenran 0,0051 0,0005
i3o-Ilexran 0,0699 0,0068
H-ITeHTan 0,0621 0,0044
T'excan +Burir. 0,1009 0,0075
Kucenn 0,0111 0,0010
Aszot 2,0193 0,0415
Hiokcwp, ByIJIerto 3,2531 0,0793

ITpuponHum ras Mae BMCOKYy eHepreTMUYHY IIiHHICTh Ta Binmosigae

BuMoraMm Kogekcy razoTpaHCIIOPTHMX CHCTEM.
BucHOBOK

Hespaxaroun Ha BUCOKYy eHepreTMuYHy Ta XiMiuHy IIiHHICTL rasy B
Yxpaii He BUpoOIeHUIT CUCTEMATM30BaHWMIT MiNXi IO OITIHIOBAHHS TIOTO SKOCTI.
ITpuponHi rasmu 3 pisHMX POMOBUIN, BiIpPi3HAIOTBCA 3a KOMIIOHEHTHUM CKJIalioM,
TOOTO eHepreTMYHMMM IIOKasHMKaMM sKocTi. ToMy IIpakTudHe 3Ha4ueHHs Mae
OIliHKAa eHepreTMUYHMX IIOKa3HMKIB $KOCTI rasy Ta Ilepexi OO oOIUIaTu 3a

€HePpreTmIHrMI IIOKa3HIMKaMV, a He 3a 00’ eMOM CIIOXUTOTO rasy.




Absorbtion of Liquid Hydrocarbons from Natural and
Assosiated Petroleum Gas by Vaseline Oil

Wiktoriia Ribun, *Sergii Boichenko, 3Iryna Tarasiuk, ‘Roman Plaskon
IChemical-analytical laboratory of PJSC Ukrnafta

Y[gor Sikorsky Kyiv Politechnic Institute

SLviv Polytechnic National University

“Gas Processing Plant, PJSC Ukrnafta

E-mail: ! ribun.vika@gmail.com

Introduction

Natural and associated petroleum gases contain not only light
components (such as methane and ethane) but also heavier hydrocarbons - such as
butane, pentane, and hexane - which may exist in the liquid phase under standart
conditions. Considering that the quality requirements for natural gas are becoming
increasiangly stringent each year, existing technologies are no longer sufficient to
produce gas that meets these standards. This is particularly relevant to the
hydrocarbon dew point, a parameter that is directly proportional to the content of
liquid hydrocarbons in the gas. Removing these components is essential for
increasing the calorific value of the gas and for their subsequent processing. One of
the effective methods for separating liquid hydrocarbons is the use of selective
organic absorbents for extracting heavy fractions from gases. The development of
an additional absorber for the removal of residual liquid hydrocarbons could
address this issue faced by gas processing plants. The work presents experimental
results on the absobtion of Cs- Cs alkanes by Vaseline oil.

Main material

To evaluate the absorbtion efficiency, the percentage ratio of hydrocarbon
content after absorption to the initial hydrocarbon content (% vol.) was used. The
experiment was conducted using an industrial FT-4 filter-absorber filleg with
Vaseline oil, through which the gas was passed at a flow rate of 2,5-3,0 L/min.
Than the component composition of the gas was analyzed using gas
chromatography, both before and after passing through the Vaseline oil.
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Table 1
Absorbtion of hydrocarbons by Vaseline oil
Hydrocarbons Content % mol Absorption
before absorbtion | after absorbtion | degree, % mol

Methane 90,2823 90,4875 -
Ethane 6,2130 6,2130 -
Propane 0,2048 0,1914 6,54
Isobutane 0,0058 0,0018 68,97
n-Butane 0,0148 0,0028 81,08
Isopentane 0,0084 0,0008 86,84
n-Pentane 0,0114 0,0015 86,84
Hexanes and higher

hydrocarbons 0,1866 0,0562 69,88

Non-Hydrocarbon components

Oxygen 0,0184 0,0184 -
Nitrogen 0,4905 0,4906 -
Carbon dioxide 2,5640 2,5361 1,09

The results presented in Table 1 indicate a fairly high efficiency of
hydrocarbon absorption by vaseline oil for the Cs-Cg+ hydrocarbons, while the
extraction of propane is rather insignificant, and ethane is not absorbed at all by the
oil. Methane also does not get absorbed, and the difference in methane content
before and after passing natural gas through vaseline oil is explained by the
calculation method used in the software. Due to the relatively high methane content
compared to other components, its volumetric fraction is calculated as the
difference between 100% and the sum of the other components.

Conclusions

The experimental evaluation of absorbtion efficiency demonstrates the
considerable promise of Vaseline oil as a basis for advanced absorbent materials in
natural gas purification systems. These encouraging results emphasize the need for
continued exploration of Vaseline oil as a viable and innovative tool in liquid
hydrocarbon content control, contributing to the advancement of gas purification
technologies.




Ilineuimenusa EneproedpexrnsHocTti Ta EKostorivHocTi
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E-mail: Koverya.A.S@nmu.one

Beryn

3pocTaHHSA KUTBKOCTI TPaHCIOPTHMX 3aco0iB y CBiTi, HOIpM aKTUBHE
BIIPOBAKEHHS €JIeKTPOTPAHCIOPTY, 30epirae akTyasbHICTh IIPOOIeMM 3HVDKEHH:S
HeraTMBHOI'O BIUIVMBY IBWUTYHIB BHYTpimIHBOTO 3ropaHHs (IB3) Ha moBKiIIA Ta
e€KOHOMIT pigKoro manmsa. SIK cBiq4aTh maHi, el1eKTpoMoOiIi Ta TiOpMaM CKIIaIaroTh
JIMIIIe YacTKy aBTOHApKy HAaBiTh y HaMOUThII po3BuHeHMX KpaiHax. [Ipm mpomy
BapTICTh aKyMYJIATOPHMX CUCTeM, CKJIQIHICTh yTwli3alii OaTapers, oOMexeHwMI
3amac xofy Ta CJIabKmMi PO3BUTOK 3apsmHOl iHPPacTPyKTypU 3aIMIIarOThCS
KITIOUOBMMM Oap’epaMm 110 IX MacoBOIO BWKOPWUCTAHHS. Y IIbOMY KOHTEKCTi
HepCHeKTUBHYUM ITAXOA0M € BUKOPMCTaHH: BOAHIO Y CKJIaAi IBOKOMIIOHEHTHOIO
nasimBa Oe3 HeOOXimHOCTI 710ro HaKONWYEHHS 7 TPaHCIOPTYBaHHA — IIUIIXOM
reHeparii GesnocepenHbO Ha OOpPTY aBTOMOOUIS B KiJIBKOCTSX, IO BinIloBimaroTh
pexumam podotm [1B3.

OcHOBHa yacTMHA

INepeBary BUKOPUMCTAHHS BOOHIO SIK KOMIIOHEHTY ITajIMBa MOJISTAIOTh He
mmire B eHeproeMHocti (Tabmuirs 1) i mimBumeHHi edexTMBHOCTI, aite ¥y
3HAYHOMY 3MeHINeHH] IKimmmBux BuKMOiB. [lomasamusg mmrrre 10% BomHIO A0
IOM3eIbHOTO TaJTMBa 3HVDKY€E CIIOXMBaHHS OCHOBHOTO nayimsa Ha 30-40% i 3MeHmIye
KUTBKicTh caxi y Bwxitomni Ha 75%. Kpim Toro, smenmytorsca Buxkman CO, CO,,
BYIJIEBOJIHIB, ajIbJIerizliB i Oensamnipeny. BomgHouac, i3 3pocTaHHSAM YacTKV BOJHIO Y
HaJIvBi 3pOCTa€ TeMIlepaTypa 3ropaHHs i, BiAIIOBIAHO, piBeHb YTBOPEHH: OKCHUIIB

asory.
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Tabauya 1
EneproeMHicTb MOTOpHMX HaJIVB
ITutoma Buig maymiBa
terwiota | Bomens | [Ipupon- |Ilpomas - | bensuu | [dnsenbHe| Metanon | duvern-
sropaHH# | (ras3s) Huras | OyraH | (A-92) IaJIVIBO JIOBUVL
(meTan) edip
x/xr 141 45 43,8 44 43 22,7 30,0

Pasom i3 mepeBaramMm CITf BpaxoByBaTM TeXHIUHi oOMeXeHHs.
Hanpuxiian, npu 3amintenHi 50% musenmto BomHeM crocTepiraerecs mmoHan 100%
3pOCTaHHS OeTOHAIIiMHOI aKTMBHOCTI Ta IiABMINEHHS TUCKY B IvuIiHApax Ha 30%,
IIT0 MOXKe ITPM3BECT [0 3HVDKEHHS pecypcy OBuUryHa. Lle BuMarae Touroro minbopy
OIITMMAaJIPHOI'O  CIHiBBiHOIIIEHHd  KOMIIOHEHTIB IHalMBa 3 ypaxyBaHHSIM
0COOIMBOCTET! ABUTYHA.

YnopoBa/pkeHHsI JBOKOMIIOHEHTHOIO IlajIviBa Ha OCHOBI BOJHIO €
IepCHeKTUBHMUM IIUIIXOM MOJepHizamil aBTomapky i3 B3 0e3 pammxambHVIX
KOHCTPYKTMBHMX 3MiH, 3HIDKYIOUM 3aJIeXHICTh Bil BYIJIEBOJHEBOIO MaJIuBa,
ITOKpaIyI0uy €KOHOMIYHICTh Ta eKOJIOTiUHICTh TpaHcHopTy. Hanbinbim norrineamm
€ BUKOPHUCTAaHHA CMHTe3-ra3y I OBUIYHIB i3 3alla/IIOBaHHAM Bill CTVUCHEHHS
(mv3erbHMIX), A6 HaBiTh YacTKOBe 3aMillleHHS HayvBa fa€ rmomitHmit edext. Crrim
Bi3HAUWTV, IO HaMOUIBII pallioHaJIBHUM IIAXOIOM OTPMMAaHHS BOOHIO €
xiMmiuHwM cr1ocio.

BucHoBKM

BuxopucranHs OiHapHUX MaJIMBHMX CyMilIeil 3 BOZHEM Ma€ HACTYIIHi
repeBaru:

1) BesnocepenHe BUPOOHMIITBO BOAHIO B MICIIi CHIOXXWMBAHHS, 110 YCyBa€e
HeoOXigHiCTh 30epiraHHs Ta TpPaHCIOPTYBAaHHS BOMHIO, 3HIDKYE PU3UKM Ta
IHBeCTUILIIVIHI BUTPaTM.

2) I'myuke perysoBaHHS IO[adi BOMHIO IIO3BOJISE IIBUIKO afallTyBaTU
KUTBKiCTh BUPOOIIeHOTO BOAHIO 110 IIOTOYHOTO HaBaHTaXeHH:s IBUTYHa.

3) IloxpalleHHs IIpOIleCy 3TOpaHHS PiIBHOMIpHMM PO3IOAUIOM BOTHIO B
HaJIVBHIV CyMillli, 1110 HiIBUIIy€e TepMOAMHaMIUHy ePeKTUBHICTb i 3HVKY€E BUKUIN.

4) BuxopucTaHHd  BOJHEBO-BYIJIEBOJHEBOIO IIaJiMBa  [I03BOJIUTH
3MEHIINUTV BUKWOM Ta CIOXWBaHHS IaJiMBa TPaHCIOPTHWMM 3acobaMm Ta

TexHiKo1o 3 [IB3, oHOBUTHM #K iCHyIOuMI, TaK i 3HOBY BBe[eHUN B eKCIUIyaTallifo
IMapK TPaHCIIOPTHMX 3aCcO0iB.
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Beryn

HadroBmicHi  Bimxomm € opHMMM 3 HamOUIbIl — HeOe3euHMX
HIPOMUCIIOBUX Bifxofis. BoHU yTBOpIOIOTBCS BHACHIIOK MisUIBHOCTI POMMCIIOBMX
HiOIPVEMCTB 3 T0OyBaHHS, TPAHCIOPTYBaHHS i IepepoOKM HadTH, a TaKOX T,
Jac IIOoeHHOI eKcIulyaTalii MalllH Ta MeXaHi3MiB pi3HOIO IIpM3HA4YeHHs, B SIKMX
BUKOPVICTOBYIOTBCSI MacTWIBHI MaTepiam. 3 ogHOro 00Ky HadTOBMIicHI Bimxomu
3a0pyIHIOIOTh AOBKUUIA, a 3 JAPyroro OOKy BOHM € [DKepelIoM BYIJIEBOMHIB, SKi
MOXXHa B IHOOa/IBIIIOMY BUMKOPMCTOBYBATM MJI BUPOOHMIITBA MOTOPHMX IIalIMB Ta
iHmmx mponykTiB. He3paxatoum Ha TaKy IIepCreKTUBY, HadTOBMICHI Bimxommu
ChOTO/THI BUKOPUCTOBYIOTBCSI HeJlJaCTaTHBO pallioHasIbHO. OIMHMM 3 epCceKTUBHMX
HaIIpsMiB BUKOPMUCTaHHS HapTOBMICHMX BiIXOMIB € IX TepMiUHaA IecTpyKilig (abo
HU3BKOTEeMITepaTypHMII Iiposi3). | xoda € gososi OaraTto iHdopMarii mpo 1ien
Ipoliec, BiH BUBUEHWUI IT[e HETOCTATHERO.

OcHOBHMI MaTepiasn

Ha «xadempi ximiuHOl TexHosorii mepepoOkm HadTM Ta Trasy
HauionaneHoro yHiBepcureTy «J/IpBiBCcbKa IIOJITeXHiKa» MOCTIIXYBaI IIpoOLiec
HU3bKOTeMITepaTypHOTro Iiposli3y TaKnx HadpTOBMIiCHMX BiZIXOfiB:

— ByIJIEBOIHEBOI YacTVHM HadTOIUIaMiB, YTBOPEeHMX Il Jac BUIOOYTKY Ta

Hepepo0ieHHs HadTH;

— OpyTTo-HadTOIUIaMiB, YTBOPEHNMX IIif] Yac BUIOOYTKy Ta IlepepoOsIeHHS
HadTIL;

— BiOIIpallbOBaHMX OJIVB Pi3HMX THUIILIB;

— TBepIOMX HapTOBUX BiOKIIaIiB, YTBOPEHMX IIiN Yac OUMIMEHHS HadTOBMX

CBepIUIOBMH Ta Iif] Yac TpuBasIoro 30epiraHHs Had TV B pe3epByapax.

IIpormec HM3BPKOTEMIIEPATyPHOrO Mipoiisy HadTOBMICHMX BigXomiB
nposogwin 3a TeMneparyp 400-450°C. Y pesysbrari Hiposisy oOTpuMyBaIu



mailto:ogrynyshyn@ukr.net,

76

MipOKOHIeHCAT - PidKui MPOAYKT IIMPOKOro GpakiiHOro cKilagy, TBepOui
3JIMIIOK B peakTopi Ta rasu miposisy DI HOpoBedeHHs [OOCIHIXeHb Ta
BCTaHOBJICHHHA MO>JIVBOCTI BUKOPUCTaHHSI HipoOKOHIeHcaTy oipostisy
HadTOBMICHMX BiIXOMiB 3 METOIO Oflep>KaHHS MOTOPHMX ITaJIVB 1I0TO PO3IUTSIN Ha
dpaxiiii 11.x.-200°C, 200-350°C Ta 3ammiox >350°C.

Opaxmig m.k.-200 °C xapakTepn3yeThes Helo o0BaXueHNM PpaKIiTHIM
cKIagoM. BwmicT cipkm B it (ppaxiiii ImepeBUIye BMMOIM, IO CTaBJISATBCSI A0
TOBapHMX aBTOMOOUTBHMX OeH3mHIB. KpiM mporo mg dpaxiiis xapaKTepm3yeTbcs
IIOCTaTHBO BMCOKMM BMICTOM HeHacHM4eHMX BYDJIIeBOOHIB. [[I MOXJIMBOIO
BUKOPMCTaHHS ITi€l (ppakilii K KOMIIOHEHTa TOBaPHMX aBTOMOOUIPHMX OeH3VHiB
HeoOXigHO TIpoBecTM TI TigpoOOIaropodHeHHs, IO BKIIIOYAE TiOpyBaHHA
HeHacHYeHUX BYIJIEBOJHIB Ta TipOOYMCTKY 3 METOI0 3HVDKeHHS BMICTy CipKu.
Hapmami 1o dpakxiiifo OOLiTBHO mepepoOnsTM Ha YCTAaHOBII KaTaJTMYHOTO
pudOpMIHTY 3 MeTOIO MiABUIIIEHH: i OKTaHOBOTO YMCIIa.

O®paxuiszs  200-350°C  mipokoHOeHcaTy XapaKTepuU3YeTbCs —BUCOKOIO
TeMIlepaTypolO cIajaxy, IO BiOmoBigae BuMoOraM [0 [AW3eJIbHUX IIaJIuB.
HuspkoreMnepaTypHi BJIaCTMBOCTI, IIO XapaKTepU3YIOTbCs TeMIlepaTypaMu
IIOMYTHIHHS i 3acTUraHHS, € JOCTAaTHIMM [IJII BUKOPUCTaHHS i€l dppakxiiii s
BUPOOHMIITBA JITHIX OM3eIbHMX mHanms. OmHaK, HaATO BUCOKMUII BMICT CipKM Ta
HNPUCYTHICTh HEHACWYEHMX BYITIEBOAHIB IIOTPeOYIOTH 3HIVDKEHHS, i IS IIbOTrO
HeoOXiJHO BMKOPMCTOBYBATW JOAATKOBI cTamil mepepobkm 1iel dpakiiii, a came ii
riIpyBaHHs Ta TiIPOOYNCTKY.

3aymok >350 °C micits meperoHKy ipoKOHAEHCATY — 1€ BUCOKOB 3K
POAYKT, MO CKIIamy SKOTO TaKOXX BXOOWUTh 3HAa9Ha KiJTbKICTP HeHACHYeHVIX
BYTJIEBOITHIB Vloro MOXXHa B HEBEJIMKVX KUTBKOCTSIX IOJABATH O TTAJIMBHIX MasyTiB.
IIle onuH HAIIPSMOK BUKOPWCTAHHS 3aJIMILIKY — JUIS BUPOOHMIITBA Pi3HMX THUIIIB
IUTAaCTUYIHMX MacTWI (30KpeMa KOHCepBaIliTHVIX).

BucHoBkm

BcTaHOB/IEHO TPMHIMIIOBY MOXJIMBICTE IIepepoOKM HadTOBMICHMX
BIIXOiB ~ METOJOM  HM3bKOTeMIIepaTypHOIO  Ipoiisy 3  OfepXaHHSIM
MipOKOH/IeHcaTy, 110 MOXXHa BMKOPWMCTOBYBaTM y BUPOOHMIITBI MOTOPHMX IIaJIVB.
IlpoBeneno HM3bKOTeMHepaTypHUW Miposliz HadTOBMiCHUX  BifgXxomiB  3a
Temrniepatyp 400-450°C, B pesynbraTi sIkoro opepxaHo 554-925 % wmac.
HmipoKoH/IeHcarty, 2,3-29,2 % Mac. TBepIoro 3aamiiky Ta 5,2-7,1 % Mac. rasy miporisy.
BcraHoBieno, 1o cBiTii dppakilii, ofgepxkaHi IIif, 4ac posAileHHd IipoKOHAeHCcaTy
MOXYTb OyTW BUKOPWUCTaHi SK CUpPOBMHA IS OHEP>KaHHS TOBAPHMX MOTOPHUIX
MajIMB. 3aJIUIIOK IiciI PO3MOiIeHHs MipOKOHIEeHCAaTy MOXXHA BUKOPUCTOBYBATU K

KOMITOHEHT Ma3yTy abo J0oOJaTOK 10 ITIaCTMYHMX MaCTUII.
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Introduction

Among various types of waste, waste tires (WT) are particularly
concerning due to their significant contribution to environmental pollution and
their potential threat to ecosystem diversity and human health. The low recycling
rates of WT lead to their accumulation in landfills or incineration, resulting in the
loss of valuable materials with considerable energy potential. Pyrolysis is
considered one of the most promising and environmentally sustainable methods for
WT disposal. This process not only offers an effective alternative to landfilling and
incineration but also enables the conversion of waste into valuable products,
including liquid fuels and chemical compounds with substantial industrial
significance. Pyrolysis of waste tires yields a mixture of pyrolysis gases, fluid
products, and solid residues. The liquid fraction can be further refined to produce
high-quality fuels, such as diesel or gasoline, as well as a range of compounds with
diverse industrial applications.

Main material

The most valuable product derived from waste tire pyrolysis is the LPPT,
owing to its physical and chemical properties that closely resemble those of crude
oil, making it a promising feedstock for commercial fuel production. To ensure that
the properties of LPPT comply with regulatory standards for gasoline and diesel
fuels, the application of conventional petroleum refining processes—such as
hydrotreating and hydrogenation—is essential. However, establishing of small-
scale WT processing facilities in regions with high concentrations of waste material
is often more economically feasible. In such contexts, the construction of full-scale
fuel purification units and the high demand for hydrogen make the hydrogenation
process economically unviable for producing light oil products. Consequently, the
development of simpler alternative methods for LPPT processing, which do not rely
on costly catalysts or scarce hydrogen resources, is of considerable importance.



mailto:serhii.v.pyshiev@lpnu.ua,

78

One of the promising methods for purifying the gasoline fraction
obtained from liquid pyrolysis products of WT is the extractive separation process.
Aromatic compounds were separated from the fractions boiling below 140 °C
(<140°C) and within the range of 140-200°C using an extraction process. The
objective of the extraction was to obtain raffinates —fractions depleted in aromatics.
N-methyl-2-pyrrolidone (NMP) was utilized as the selective solvent for this
purpose. The material balance of the extraction separation is presented in Table 1.
The characteristics of the raffinate and extract obtained during the extraction
process are presented in Table 2

Table 1

Material balance of the extraction separation for fractions <140°C and 140-200°C

No Component wt. % based on raw material
fraction <140°C fraction 140-200°C
Received
1 Raw material 100.00 100.00
2 Solvent 180.00 180.00
Total 280.00 280.00
Yield
1 Raffinate 40.55 33.82
2 Extract 59.45 66.18
3 Solvent 180.00 180.00
Total 280.00 280.00
Table 2

Characteristics of the raffinate and extract obtained from the extraction process for
fractions <140°C and 140-200°C

fraction <140°C fraction 140-200°C
1 < O, _ (o]
Indicator name 140, C Raffinate | Extract 140 2(,)0 ¢ Raffinate| Extract
fraction fraction
Density at 15°C, kg/m?® 806 781 817 862 840 862
Refractive index, n3° 1.4568 1.4427 | 1.4553 | 1.4835 | 1.4728 | 1.4866
Bromine number, 90.5 91.0 89.8 86.2 839 | 889
Br,/100g of product
Conclusions

Raffinates and extracts were obtained through the selective removal of
aromatic compounds from the <140 °C and 140-200 °C fractions using NMP as the
extraction solvent. The physicochemical properties of the resulting fractions were
subsequently analyzed. The unsaturated compounds within these gasoline fractions
did not exhibit notable polarization effects under solvent influence. They were not
selectively dissolved, as indicated by the nearly identical bromine numbers
observed for both raffinates and extracts.
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Introduction

Vegetable oil degumming is a crucial purification stage that determines
the potential of oil as a sustainable feedstock for biodiesel. Traditional refining
techniques rely on acid and alkali treatments, which often result in excessive oil
losses and generate problematic wastewater. In contrast, enzymatic degumming
offers a biotechnology-based approach for reducing phospholipid content,
improving oil quality, and promoting eco-friendly processing. This work
emphasizes fermentation-based enzymatic degumming of substandard soybean oil
as an efficient and scalable strategy for preparing high-grade raw material for
biodiesel synthesis.

Main material

The enzymatic complex Purifine® 3G, consisting of phospholipases A2
and C obtained via microbial fermentation, was used to degum crude soybean oil.
Optimized fermentation conditions—100 ppm enzyme dose, 57°C, pH 7.0, 2.5%
water, and 2-hour reaction time—reduced phosphorus content from 421 ppm to
below 10 ppm. The process not only improved the oil’s properties but also
generated minimal waste and avoided the use of corrosive chemicals. Pilot-scale
application using a cavitation reactor validated the feasibility and industrial
scalability of this approach. GC-MS analysis confirmed the high yield of fatty acid
methyl esters (FAME), while FTIR spectroscopy demonstrated structural
conversion linked to successful degumming and transesterification. The
enzymatically degummed oil was subjected to transesterification using potassium
methoxide in methanol under cavitation-assisted conditions. The process yielded
biofuel with 97.2% fatty acid methyl esters, phosphorus content of 3.9 ppm, and
properties in compliance with Ukrainian biodiesel standards. The biodiesel meets
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the key requirements of international standards such as ASTM D6751 and EN 14214,
indicating its suitability for global application.

Ph()splwllp ase C Phospholipase A2
4>
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Figure 1. Enzymatic hydrolysis of phospholipids using Purifine® 3G: (a)
Phospholipase C converts phospholipids to diglycerides and phosphates; (b)
Phospholipase A2 forms lysophospholipids and free fatty acids.

The integration of enzymatic pretreatment with cavitation-intensified
processing reduced energy consumption and minimized by-products, showing the
compatibility of biologically refined oil with sustainable fuel production.

Conclusions

Fermentation-based enzymatic degumming using the Purifine® 3G
complex represents an effective, sustainable alternative to conventional oil
purification for biodiesel production. The approach ensures minimal phosphorus
content, high FAME yield, and environmental benefits due to reduced wastewater
and reagent consumption. Its validation underscores its potential for widespread
industrial adoption within the renewable energy sector. Combining enzymatic
pretreatment with cavitation technology enhances process efficiency, ensuring cost-
effective and scalable biofuel synthesis. This strategy contributes to valorizing
agricultural waste streams and supports the transition toward greener energy
systems.
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Science of Ukraine: Development of biodiesel production technology by cavitation
method with preliminary fermentation of raw materials (DB / BIODISEL).
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Introduction

As is known, during the operation of motor oil in internal combustion
engines, it is exposed to high temperatures, constant contact with metals, the course
of chemical processes (oxidation, thermal decomposition, polymerization,
polycondensation, compaction), external contaminants, etc. As a result, its
composition accumulates products of additive decomposition and wear of internal
combustion engine parts, oxidation products, condensation of the hydrocarbon part,
asphalt-resinous substances, and residues of incomplete combustion of fuel, which
causes irreversible changes in its qualitative chemical composition. Thanks to the
processes of removing aging products from used motor oils (UMO), oils are
obtained that correspond in their operational properties to fresh oil obtained from
petroleum raw materials. Therefore, it is relevant to develop such technologies for
cleaning waste oils that would be characterized by a high yield of purified oil and
the ability to establish them at domestic enterprises without significant
modernization of existing equipment.

Main material

Several methods for regenerating UMO have been studied at the
Department of Chemical Technology of Oil and Gas Processing at the Lviv
Polytechnic National University. The process of vacuum distillation of used motor
oils was investigated. This allowed for a significant reduction in the content of
asphalt-resinous substances, decomposition products of additives, unburned fuel
residues, mechanical impurities, and water, as well as an improvement in the
viscosity-temperature properties of refined oils.

It is proposed to purify UMO using the thermal oxidation method under

the established optimal conditions: temperature, 200°C; pressure, 2 MPa; duration,
2 hours; and air flow rate, 1.5 min.

Under established optimal process conditions, regenerated oils were
characterized by better viscosity-temperature properties, a lower water content,
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fewer mechanical impurities, a lower acid number, improved coking capacity, and
lower ash content compared to waste oils.

We have established the possibility of regeneration of UMO in the
presence of crystalline urea. Under the established optimal process conditions
(duration - 80 min, temperature - 140 °C, amount of crystalline urea - 5% by
weight), the purified waste oils were characterized by a low acid number, absence
of water, ash content and content of mechanical impurities, and improved values of
kinematic viscosity and viscosity index.

In the UMO regeneration technology, the water extraction stage is
mandatory. Its insignificant presence leads to the formation of a stable oil emulsion,
which foams strongly when heated and does not separate. Most often, water is
removed from oil emulsions by coagulation or using expensive demulsifiers.
Currently, we are conducting scientific research to establish the possibility of
purifying UMO by coagulation in the presence of surfactants that are available and
used in everyday life: starch, carboxymethyl cellulose, sodium laureth sulfate, and
cocamidopropyl betaine. It was established that for complete removal of water from
watered-in VMO it is advisable to use carboxymethyl cellulose in an amount of 10%
by weight of the amount of loaded oil, a process temperature of 80-85°C and a
duration of 30 min.

We are conducting research to establish the possibility of purifying UMO
by extraction using selective solvents. To establish optimal process conditions, the
influence of the nature and amount of solvent, temperature, and duration of mixing
of reaction mixtures was studied. The use of this method allows you to remove
mechanical contaminants and oxidation products from the oil, and improve the
values of viscosity-temperature properties.

Conclusions

It was found that the studied regeneration methods can be used for the
regeneration of used motor oils. However, none of the studied methods alone
allows obtaining regenerated oil that could be used as a component of base oils.
Therefore, only the combination of these methods into a complex technological
process allows you to obtain purified motor oils, which in terms of their operational
properties can be compatible with base oils.
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Introduction

Every year, significant volumes of used and discarded tires accumulate
globally, which are classified as hazardous solid waste. The environmental
challenges associated with their accumulation necessitate the implementation of
effective recycling technologies in line with the principles of the circular economy.
Due to their high content of valuable components, end-of-life tires are increasingly
viewed as a potential source of secondary raw materials suitable for processing in
both the fuel-energy and chemical sectors.

The structural composition of tire components makes them suitable for
integrated recycling, yielding alternative raw materials. In the context of carbon
black production, the most promising products are the recovered carbon black (rCB)
and tire pyrolysis oil (TPO), which can potentially be used as part of the feedstock,
as fuel, or in gasification, plasma-chemical, and carbon black production reactors.

Despite the widespread use of pyrolysis, several key aspects remain
insufficiently studied: optimal reactor operating parameters during the introduction
of TPO as alternative feedstock; the influence of TPO properties on the reaction
dynamics in the carbon black formation zone; the qualitative and quantitative
composition of carbon products obtained when partially replacing traditional
hydrocarbon raw materials (fuel oil, gas oil, anthracene, tar) with TPO.

The absence of standardized technological guidelines for the use of
pyrolysis oil in carbon black production limits its industrial application.

Given the above, there is a clear need for comprehensive studies aimed at:
experimentally justifying the feasibility of partial or complete replacement of
conventional hydrocarbon feedstocks with TPO; modeling thermal and chemical
regimes of reactor operation in the presence of pyrolysis oil; determining the
influence of TPO composition on the morphology, dispersity, and structure of the
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produced carbon black; developing engineering recommendations regarding the
feeding, pretreatment (filtration, desulfurization, dehydration), and dosing of TPO.

Main material

An experimental introduction of 5.3% of TPO into the feedstock mixture
was carried out during the production of carbon black N347 and N660. The
addition of TPO led to a change in the rheological properties of the mixture:
dynamic viscosity at 50°C decreased by 23%; at 60°C - by 13.2%; kinematic viscosity
at 50°C decreased by 22.1%; at 60 °C - by 11.9%.

These reductions in viscosity likely improved the conditions for
transportation, preparation, and atomization of the feedstock in the reactor,
promoting the formation of a finer aerosol spray. During the experimental
campaign, no changes in reactor operating conditions were observed: process
temperature, lining temperature, pressure, and feed rate remained stable.

Control analyses showed that the physicochemical parameters of the
resulting carbon black (specific surface area, ash content, volatile matter, particle
size distribution, and surface structure) remained within the standard ranges for
N347 and N660. In global practice, this carbon is given a new designation -
sustainable carbon black (sCB) N347/N660.

Rubber compounds containing the obtained carbon black were prepared
according to ASTM D3182 and ASTM D3192 procedures, and the physical-
mechanical and rheological properties of the rubber were determined. The obtained
rubber property results fall within the acceptable range compared to standard
rubber compounds.

An increase in the feedstock utilization coefficient was observed: for
N347: +0.16; for N660: +0.06. This indicates improved hydrocarbon conversion
efficiency when TPO is incorporated. Regarding product yield, reductions were
recorded: for N347: 1.215 t/day; for N660: 2.043 t/day. These losses may be
attributed to changes in feedstock density and fractional composition, leading to
deviations in the phase distribution of carbon-containing components. The
inclusion of TPO improved feedstock utilization efficiency but may lead to a
reduction in the absolute yield of the target product. This necessitates optimization
of the feedstock blend composition.

Conclusions

The modification of the feedstock by introducing 5.3% of TPO did not
destabilize the hydrodynamic or thermal regimes of the reactors. No adjustments to
the technological parameters were required. The product quality remained
unaffected during partial replacement of the raw materials. Given the carbon-
neutral nature of TPO, the carbon footprint was reduced by 0.01 t e-CO:/t.
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Beryn

OmauM i3 BaXIMBMX HampsMIiB 3abesleueHHs] HaAiMHOCTI poboTm
aBiainHMIX Ta30TypOiHHMX OBUTYHIB € KOHTPOJIb Ipalle3daTHOCTI 3MaIyBaJIbHIX
OJIVB Ta BW3HaA4YeHHs 3MiHM IX MOKa3HMKIB $KOCTI I, dYac eKcIUIyaTallii, IO
BIUIMBAaE Ha IlepiogWdYHicTE Ta TepMmiH 3amiam. IloTrpiGHUI  piBeHb
eKCIUTyaTalliflHMX BJIaCTMBOCTEVI CydacHVM MOTOPHVIM OJIVBaM HaJa€ThCs 3aBIAKN
BUKOPVCTAHHIO [IJI 1X BUTOTOBJIEHHS BWCOKOSIKICHUX edeKTMBHMX IIpHCcagoK
pisHOl (pyHKIIOHATBHOI [ii. 3aBAgKM MepioAMYIHOMY KOHTPOIIO OMHAMIKA
IOKa3HMKIB {KOCTI OJIMBM HaKOIMYYIOTbCS CTAaTMUCTMUYHI daHi IIOOO pecypcy Iii
poboTHU Ta IIepioAMIHOCTI 3aMiHM y CUCTeMi 3MAallyBaHHS IiAIMITHUKIB poTopa Ta
penyKTopa rejikonTepis.

OcHoBHMUI MaTepian

ITlig, vac oOKMCHeHHS OJIMB KMUCHeM IOBITPsI yTBOPIOIOTbCA IIPOOYKTU
KNMCJIOTO XapaKTepy Ta CMOJIM, IO BIUIMBAlOTh Ha 3arajbHe JIy>)KHe HNCTIO.
IlponykTy OKMCHEHHSI BaXKO PO3UMHSIOTBCA B OJIVIBI Ta CHPWSIOTH YTBOPEHHIO
BilKJIaJdeHb 1 Harapy, BMKIMKAIOUM KOPO3il0, IIOCWIIOIOUWM 3HOC IeTaJIell.
IlepenuacHa 3aMiHa OJIMBY HEBUTiTHA K 3 €KOHOMIYHOI TOUYKM 30pY, TaK i CTBOPIOE
npobsIeMy TOAAIBIIOTO ii BUKOPWCTAaHHS Ta eKOJIOTiYHOro HaBaHTaXKeHHs Ha
HaBKOJIVIIITHE cepenoBuirie. OmHMM i3 HampsMiB BUpINIeHHS Il mpolimemMu €
30UTBITIEHHST TepMiHy pobotu ommBu. ToMmy MeTo0 pobOTM € OOIPYHTYBaHHS
pecypcy MOTOPHMX OJIVMB KOHTPOJIIOBAaHHAM 3a IX CTaHOM IIif] 4Yac eKCIUIyaTarlil
ABUTYHa.

HocomimkenHio mimarayia cuHTernuHa onmbBa Mobil Jet Oil 254 g
rasoTypOiHHMX OBUTYHIB TemikonrTepiB. OpHielo i3 HavBaXxMBIimmMX QYHKIIIN
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OJIVBWM y [OBWIYHi, OKpiM 3MalllyBaHHS, € 3alo0iraHHS BiIKTafeHb Ha JIeTaIsiX
OBUTYHA i MimmmMIHMKaX, TOOTO 3MATHICTh 0 MATPVMaHHS IBUTYHA Y YMCTOTI, a
TaKOX 30aTHICTh OO HeWTpaslisalil KMCIMX IIPOAYKTIB 3ropaHHs, IO MOXYTb
noTpammTt Ao oiwsu. Lli BimacTmBocTi onumBM 3a0e3edyroThCS MUVHVIMM Ta
OucHepryouymnMy Ipucagkamu. Mipolo MuHMX 1 OucIepryroumx IIpucagok €
myxHe umcino (umcrno Hemrpaisartii, TBN, mr KOH/r). Crarmapr ASTM D2896
HpU3Ha4YeHU 1)1 MOHITOPMHIY HOBUX OJIUB, a cTaHgapToM ASTM D4739 nasnaku,
KOPUCTYIOTBCS ISl TOCTIIIKeHHS JIY)KHOTO UIMC/Ia ONIVB M Jac eKCIUTyaTallii, 11100
KOHTpPOJIIOBaT! BUTpPATy MaKeTy IIPMCAIOK 3 YacOM.

PesympraTit guiHaMmiky KimeMatuaHOI B s13KocTi onmBu Mobil Jet Oil 254 3a
TeMrepaTyp Ommspkmx mo poboumx y Bysmax TepTs (100°C) Ta myxHOrO UmMcia
3aJIeXXHO Bif, HallpaIfoBaHHS HaBeeHi B Tabm.1.

Tabauysa 1
3aseXXHicTh B SI3KOCTi OJIMBYI Ta JTy>KHOTO YVICTIA Bifl, HaIlpaIfoBaHH:
B ABUT'YHI reJIikoIrepa

KinemaTmuma Yac nampaiosant onvsyu Mobil Jet Oil 254 B guryHi, rog,
B’ s13KicTh, cCT 50 100 150 200 250 300
- 3a TeMmIlepaTypu 52 524 5.28 5.33 5.39 5.47
100 °C
- 3a TeMmIlepaTypu 52 52 523 527 5.32 5.38
40 °C
Jlyxne wmcno, Mr 0.08 0.079 0.078 0.076 0.075 0.072

KOH/r

ITin wac poboTn onMMBY B ABUTYHI JIyXKHE UMCIIO HEMUHYYE 3HIVDKYEThCS,
HeWTpaJlisylodui IpucagKy CHIpalbOBYIOTbCcA. Take 3HIVDKEHHsS Mae HOITyCTVMI
BIIXWIEHHs INC/IS MTOCATHEHHsI SKMX OJIMBa BBaXKa€TbCsl TaKOIo, IO BTpaTwlia
Hpale3IaTHICTb. BBakaroTh, 110 OJIMBY CJIif, 3aMiHUTW IPY 3MeHIIeHi ii JIy>XKHOCTi
moHan 50% Big MDOYaTKOBOI BeMUMHW. HesHauHe 3pocTaHHSA KiHeMaTWYHOI
B'SI3KOCTI  MOJJIMBO IIOSICHUTW IIpollecaMM OKWMCHEHHs BYIJIeBOIHIB, IIO
CYIIPOBOKYIOThCSI YTBOPEHHSIM CMOJIVICTVX PEUOBVH.

Bucaosok

BcranoBiieHo, 1110 KiHemMaTnuHa B s3KicTh oymBu  Mobil Jet Oil 254 mim
4Jac HallpallloBaHHS 4K 3a Temileparypu 4°C tak i 3a Temnieparypu 100°C 3pocrae
depes3 II0JIiMepHM3allilo 3a BUCOKMX TeMIlepaTyp y HPUCYTHOCTI KMCHIO. 3pocTaHHA
B’I3KOCTI 3aCBiI¥y€e YTBOPEHHS CMOJIVICTIX PEYOBUH (IIPOOYKTiB OKMCHEHHST).

IMokasaHo, 110 3arasibHe jIyXHe uncio (3/I4) y mporieci HampartoBaHHS
micst 300 ronuH HanmboTy TrermikonTepa 3HVCKyeThes 3 0,08 mr KOH/r mo 0,072 mr
KOH/T, 110 crarosuth 10%, 110 XapaKTepusye CIIpallfOBaHHS IIPUCAIOK, ajle Iie He
€ KPpUTUYHUM ITapaMeTPOM.
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Introduction

The paper investigated the selective purification of used hydraulic oil
AW-46 (manufactured by Chevron Belgium NV, Belgium), provided by LLC
Trading House "Favorit Auto Vinnytsia", which was used in the operation of
hydraulic presses and lifting mechanisms. Selective sorption purification of used oil
AW-46 was carried out using a regenerated mixed sorbent containing activated
carbon (AC) and kieselguhr (K), manufactured by E. Begerow GmbH&Co,
Germany. The used mixed sorbent (AC + K) after purification of sugar syrups from
the production of soft drinks was provided by Manufacturing Company "Panda"
(Vinnytsia). The regeneration of the used mixed sorbent (AC + K) was carried out
by sequential treatment of the sorbent with water, alkali (KOH, NaOH) and mineral
acid (HCl, HNOs). The sorption capacity of the mixed sorbent (AC + K) was
determined by iodine, while the sorption capacity of the regenerated mixed sorbent
(AC + K) was 98.5 %. Adsorption purification/regeneration of AW-46 used oil
using the regenerated mixed sorbent (AC + K) was carried out under static
conditions, mixing the waste oil and the sorbent with a high-speed magnetic stirrer
VELP AREC (VELP Scientifica, Italy), followed by filtration of the mixture in a
vacuum unit.

Main material

It was established that the optimal regeneration conditions are: ratio
(AC + K) : AW-46 =1 : 10; temperature 50-60 °C; time — 30 min. It should be noted
that increasing the amount of sorbent by 2-4 times not only does not improve the
purification of hydraulic oil, but also does not allow to isolate the purified fraction
by deep vacuum filtration. The obtained physicochemical characteristics of the
regenerated AW-46 oil indicate the high efficiency of the used sorbent (AC + K) and
the possibility of its use as a liquid base for new multifunctional plastic lubricants.
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In addition, it should be noted that when using natural sorbents, the issue of
recycling spent solid sorbents remains unresolved, because when using
environmentally acceptable purification technology, their price can increase by 40-
60 %. The mixed sorbent used after the regeneration of AW-46 oil, in addition to
activated carbon and kieselguhr, also contains 5.2-12.6 ml of contaminated liquid
fraction of AW-46 oil. To regenerate such a sorbent, a study was conducted on its
purification by extraction method for the removal of organic pollutants with
industrial xylene at room temperature using a high-speed (n = 1000 rpm) magnetic
stirrer VELP AREC. After that, the obtained liquid xylene-organic fraction and the
regenerated mixed sorbent (AC + K) were separated by filtration in a vacuum unit.
However, this method of regeneration of the used mixed sorbent (AC + K) turned
out to be multi-stage, material- and energy-consuming. More effective is the low-
temperature pyrolysis of the spent mixed sorbent (AC + K) without its preliminary
treatment, which was loaded into the pyrolyzer reactor and the mixture was kept in
an inert environment at a temperature of 250-300 °C for an hour. The yield of the
liquid fraction was 90-92 wt. % of its sorbed amount in the volume of the used
mixed sorbent (AC + K). The general scheme of the regeneration of hydraulic oil
AW-46 using the integrated technology of processing waste from the food and
machine-building industries and its further use within the framework of the
circular economy includes the sequential stages shown in Fig. 1.

Used hydraulic _®_> Used hydraulic _@_> Regenerated _@_' Liquid base for
oil AW-46 oil AW-46 + sorbent (AC + K) hydraulic oil AW-4¢ plastic lubricants

ol &

Regenerated ( ) Used sorbent o
sorbent (AC + K) ~ (AC+K) _®_' Liquid fraction

Figure 1. General technological scheme for processing waste from the food and machine-
building industries: 1st stage - sorption purification of AW-46 oil with regenerated sorbent
(AC + K); 2nd stage - separation of regenerated AW-46 oil; 3rd stage - separation of used
sorbent (AC + K); 4th stage - pyrolysis regeneration of used sorbent (AC + K); 5th stage -
development and compounding of plastic lubricants

Among the specified stages of use (sorbent (AC + K), regenerated AW-46
oil) and regeneration (waste AW-46 oil, used sorbent (AC + K)), it is necessary to
highlight the work of a closed cycle of transformations 1-3-4 due to sorption and
pyrolysis processes. At the same time, regenerated AW-46 oil can be effectively
used (stage 5) as a liquid medium in the process of manufacturing plastic lubricants,
and the regenerated sorbent (AC + K), depending on the destructive oxidation of
the original used AW-46 oil, can be used in 3-5 more cyclic transformations.




Conclusions

The feasibility and necessity of regenerating mineral oils, including
hydraulic oil AW-46 (Belgium), for their repeated practical use is substantiated. It is
shown that regenerated hydraulic oil AW-46 can be used as a liquid base for plastic
lubricants. A method of sorption purification/regeneration of used hydraulic oil
AW-46 has been developed using a regenerated mixture consisting of activated
carbon and kieselguhr (AC + K) as a sorbent. The optimal technological parameters
of the process have been established: ratio (AC + K) : AW-46 = 1 : 10; temperature
50-60 °C; time 30-35 minutes. Within the framework of the circular economy, the
technology of a closed-loop processing of waste from the food (sorbent (AC + K))
and machine-building (hydraulic oil AW-46) industries has been investigated for
the subsequent production of multifunctional plastic lubricants.
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Introduction

The production of fuels and lubricants from coal is one of the
technologies that allows coal to be processed into various types of fuels, lubricants
and chemicals. This can include traditional fuels (e.g. petrol, diesel), specialised
lubricants or even synthetic materials. Coal is an important resource in the chemical
industry as it contains carbon, which can be used to synthesise various chemicals.
Ukraine already has some experience in developing clean technologies for the coal
industry, such as coal gasification. However, large-scale deployment of these
technologies requires significant investment and government support. Given the
geopolitical, economic and environmental factors, the production of fuels and
lubricants from coal in Ukraine could be quite significant, given the abundant coal
resources that are the main feedstock for such technologies.

Main material

The extent to which coal-based fuels and lubricants can be deployed in
Ukraine may depend on several factors, such as the availability of investment,
technological potential, infrastructure, environmental standards, and government
policy. The key aspects that determine the scope and scale of such implementation

are:

1. Coal reserves. According to the State Service of Geology and Subsoil of
Ukraine, the country has a huge potential for using coal for various industrial
purposes. However, it is important to note that coal production in Ukraine is
declining due to aging deposits, rising mining costs, and environmental concerns.

2. Investments and technological readiness. The extent to which coal-to-
oil technologies can be deployed will depend heavily on investments in these areas.
Technologies such as pyrolysis, gasification, hydrogenation or catalytic cracking
require significant investments in the latest equipment, development and
implementation of specialised technologies. In particular, coal pyrolysis requires
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facilities capable of processing large quantities of feedstock, and there are currently
almost no such facilities in Ukraine.

3. Economic indicators. The production of fuels and lubricants from coal
can be economically beneficial for Ukraine, as coal is an available and cheaper
resource than oil and gas. Investing in coal-to-oil technologies could create new jobs,
particularly in regions with coal mining enterprises. In addition, the creation of new
production capacities will help modernise the coal industry and generate additional
revenues for the country's budget. For a realistic implementation on a large scale, it
is necessary to take into account:

- The cost of energy and fuel materials. Today in Ukraine, coal is cheaper
than oil or gas, but the processes of its processing into synthetic fuels are energy-
intensive and expensive.

- Competition with oil products. Coal-derived synthetic fuels and
lubricants must compete with petroleum products in terms of price and quality.

4. Environmental restrictions and standards. The conversion of coal into
synthetic fuels is accompanied by significant emissions of CO, and other harmful
substances. Ukraine must ensure that such projects meet modern environmental
standards

5. Prospects for implementation. Taking into account the whole range of
factors (investments, technology, economy, environment), the introduction of coal-
to-oil processing in Ukraine is feasible:

- At the initial stages: small pilot projects or small facilities that process
up to 100-200 thousand tonnes of coal per year.

- Scaling up: medium-sized enterprises processing up to one million
tonnes of coal per year can be implemented in 5-7 years, provided stable financing
and support from the government.

- Large capacity: large plants that can process up to 5-10 million tonnes of
coal per year will take 10 to 15 years to fully implement the technologies,
depending on investment and technological support.

Conclusions

The prospects for producing fuels and lubricants from coal in Ukraine
could be very favourable in the long term if several steps are taken to overcome
existing problems, including the modernization of the coal industry, the
introduction of new technologies, and the development of infrastructure for waste
disposal and reducing environmental impact. Ukraine has the potential to develop
this sector, but practical implementation will depend on support from the
government and international investors.
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Introduction

Modern oil refining processes are aimed at maximizing the yield of light
distillates and increasing the depth of conversion, which leads to a significant
deterioration in the quality of residual streams, particularly those used for bitumen
production. The efficiency of the oxidation process of residual products is largely
determined by their group composition, elemental content, and fractional
characteristics. Among alternative approaches, low-temperature oxidation is of
particular interest, as it allows for the production of bituminous materials with
enhanced properties—improved adhesion to mineral aggregates and increased
resistance to aging. At the same time, the main limitation of this method lies in the
reduced productivity of the corresponding equipment.

The problem of poor durability of road pavements due to the use of low-
quality binders remains highly relevant. One of the promising solutions is the
modification of bitumen with synthetic or recycled polymer additives. Various
types of modifiers are widely used in road construction practice, including styrene-
butadiene polymers, ethylene-vinyl acetate, and recycled products, among which
rubber crumb (RC) occupies a special place.

The effectiveness of bitumen modification using rubber crumb depends
on a number of factors, including: the composition of the base binder, the RC
concentration in the system, particle size, surface characteristics, and introduction
conditions—namely temperature, mixing duration, and intensity. Equally
important is the nature of interphase interactions, which determine the structural
organization of the system. Due to the complexity of polymer-bitumen systems,
multidirectional effects are often observed, manifesting over a wide temperature

range.
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Bitumen modified with rubber crumb demonstrates improved technical
performance, particularly enhanced thermal and frost resistance, wear resistance,
and elasticity. Incorporation of such binders into asphalt concrete mixtures extends
the service life of pavements by 1.5 to 2 times compared to unmodified counterparts.
Importantly, the use of RC not only improves the operational characteristics of road
materials but also contributes to solving the problem of waste tire disposal, offering
additional environmental and economic benefits.

Main material

As part of the conducted research, the effect of crumb rubber on the
oxidation process of vacuum residue was studied, with particular emphasis on the
transformation of its chemical composition and changes in rheological properties.
Special attention was paid to the influence of the modifier on the formation of the
microstructure of the binder material.

For the laboratory synthesis of bitumen by the oxidation method, the
feedstock used was vacuum residue (gudron) obtained from PJSC "Ukrtatnafta".
The modification was carried out using crumb rubber derived from the mechanical
grinding of worn-out tires from passenger and freight vehicles, as well as industrial
and agricultural machinery. In this system, crumb rubber performs a dual function:
it acts both as a structural modifier and as a catalyst that accelerates oxidation
reactions due to the presence of unsaturated bonds and an active surface. The
combined oxidation process integrates sequential stages - preliminary mixing of
bitumen residue with rubber crumb and sulfur under controlled thermal conditions,
followed by air oxidation and final modification - into a unified, energy system
using a high-temperature heat transfer medium, enabling simultaneous bitumen
oxidation and structural modification.

Conclusions

It has been established that the presence of rubber crumb in the oxidation
process alters the chemical composition of the bitumen residue. The main changes
involve the formation of new resinous and asphaltene components, arising from
reactions involving unsaturated and sulfur-containing fragments of rubber, which
actively participate in oxidation. The proposed scheme of chemical transformations
confirms the catalytic role of residual vulcanization groups and the introduced
sulfur. The thermochemical decomposition of rubber is accompanied by the
formation of molecular fragments which, together with sulfur, create a three-
dimensional polymer network. This network acts as a reinforcing framework,
stabilizing the liquid phase of oxidized bitumen and ensuring the formation of a
stable dispersed system —a rubber-bitumen composite.

The integration of rubber crumb and oxidation products into a unified
volumetric macrostructure enhances the thermal resistance, stability, and structural
homogeneity of the bituminous material. This facilitates the expansion of the
effective temperature range for the use of modified bitumen in road construction.
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Introduction

At present, numerous types of insulation and roofing materials based on
bitumen are known. Bitumen-based soft roofing is extensively used on residential
and industrial roofs to protect structures from atmospheric precipitation. Rolled
roofing materials are especially common in the construction of industrial and civil
structures. A novel category within this group comprises cold-applied roofing
materials which, unlike conventional rolled materials, can be applied without prior
heating. That is why the development of such materials is promising today.

Main material

As a basis for obtaining three-component bitumen compositions for the
production of cold-applied roll roofing materials, bitumen of the BN 70/30 brand
was used. Rapeseed oil was used as a component that gave the composition
adhesive properties. The plasticizer employed was Kraton D1192ESM, a styrene-
butadiene-styrene (SBS) block copolymer.

The study of the dependence of the properties of the ternary mixture
"bitumen : rapeseed oil : SBS" on its composition demonstrated the mutual
influence of the components. It was established that with an increase in the SBS
content and a decrease in the rapeseed oil content in the mixture, the softening
temperature increases. It was also established that an increase in the rapeseed oil
content and a decrease in the amount of SBS in the mixture leads to an increase in
its penetration. The ductility of the three-component mixture increases with an
increase in the rapeseed oil content. Maximum ductility is achieved at a 10% SBS
content and a rapeseed oil content of 20 wt. %. Maximum elasticity is achieved at
the highest SBS content and the minimum amount of rapeseed oil. With an increase
in the rapeseed oil content in the mixture, its elasticity decreases. Studies have
confirmed that flexibility at -25 ° C is maintained at a rapeseed oil content in the
mixture of more than 10% by weight and an amount of SBS up to 10% by weight. If
these requirements are not met, the bituminous material becomes brittle, which
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does not meet the requirements. It has been established that heat resistance is
maintained at an SBS content in the ternary mixture of 5,0 wt. % at any rapeseed oil
content. Studies have established that the adhesion demonstrates a peak value at a
rapeseed oil content in the mixture of 15 wt. %. When adding SBS, adhesion
decreases.

Based on the analysis of the obtained results, the optimal composition of
the mixture was established, which ensures the achievement of the required
regulatory indicators of the quality of the cold-applied bitumen material. It was
established that the content of bitumen BN 70/30 in such a composition should be
82,5 wt. %, the content of rapeseed oil - 12,5 wt. %, the content of SBS - 5,0 wt. %.
The optimal composition was used to develop a bitumen composition intended for
cold-applied roofing materials. The characteristics of such a composition are given
in Table 1. It was established that the developed bitumen composition for cold-
applied roofing material meets all the requirements.

Table 1

Characteristics of the bitumen composition "bitumen : rapeseed oil : SBS" for cold-
applied roofing material

. . Requirements for
Indicator Indicator value . i )
bituminous material
Softening point, °C 70 at least 70
Ductility at 25 °C, cm 9,2 -
Penetration at 25°C, 0,1 mm 50,0 -
Elasticity, % 53,0 -
Flexibility on the beam at -25 °C stands the test stands the test
Heat resistance at 60 °C stands the test stands the test
Adhesion, N/cm? 45 atleast 3,0
Water absorption, % 0,18 -
Conclusions

The dependence of the main properties of the three-component bitumen
composition "bitumen : rapeseed oil : SBS" on its composition and production
conditions has been established. A method for producing a three-component
bitumen composition suitable for cold-applied roll roofing materials has been
developed, meeting all the requirements for these materials. The optimal
composition of such a mixture has been established: bitumen BN 70/30 - 78,5 wt. %,
rapeseed oil - 12,5 wt. %, SBS - 5,0 wt. % and optimal production conditions:
temperature 180°C and duration 1 hour.
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Introduction

An extremely large amount of polymer waste is generated annually in the
world, which pollutes the environment. According to various statistics, they make
up from 5 to 8% by weight of the total amount of solid household waste. Polymer
waste does not decompose for decades, accumulates in landfills, natural dumps,
pollutes rivers, seas and oceans, causing enormous damage to the environment.
Among the methods of disposal of polymer waste, incineration and recycling
(processing for reuse) are most often used. Processing by high-temperature and
low-temperature pyrolysis methods to obtain gaseous and liquid decomposition
products has not been studied sufficiently.

Main material

The main regularities of low-temperature pyrolysis of thermoplastic
waste (polyethylene, polypropylene, polystyrene) were studied. For this purpose,
conditions were selected that are based on the results of thermogravimetric analysis
of waste (for pyrolysis of polyethylene waste - 410 °C; polypropylene - 380 °C;
polystyrene - 400 ° C). The yield of pyrocondensate during pyrolysis of
polyethylene waste was 84,9 wt. %; polypropylene - 79,1 wt. %; polystyrene - 86,8
wt. %. Since the composition of pyrocondensate from pyrolysis of polyethylene
waste includes hydrocarbons of linear (unbranched) structure, its freezing point is
+4 ° C. The pyrocondensate of polypropylene pyrolysis contains mainly iso-
structure hydrocarbons, and polystyrene-aromatic hydrocarbons, so their freezing
temperatures are much lower - minus 17 °C and minus 20 °C, respectively. The
pyrolysis of polyethylene and polypropylene occurs with the formation of a small
amount of pasty residue (1,7-2,9 wt.%). During the pyrolysis of polystyrene,
7,0 wt. % of solid residue is formed - pyrocarbon. Currently, the process of low-
temperature pyrolysis of waste of other polymer materials, in particular polyvinyl
chloride, polycarbonates, polyurethanes, etc., is being studied.

It was established that all fractions and residues obtained during the
separation of pyrocondensates contain a significant amount of unsaturated
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hydrocarbons, which is confirmed by the corresponding values of iodine numbers.
The products of the separation of pyrocondensate from the pyrolysis of
polypropylene and polystyrene waste contain a small amount of sulfur, and it is
absent in the products of the pyrolysis of polyethylene.

The fractions of 200-350 °C of the pyrocondensate from the pyrolysis of
polypropylene and polystyrene waste are characterized by good low-temperature
properties. In contrast, the fraction of 200-300 °C of the pyrocondensate from the
pyrolysis of polyethylene has a too high freezing point - minus 1 °C, which is
explained by its group hydrocarbon composition, namely the presence of a large
amount of n-structure hydrocarbons.

Using X-ray fluorescence spectral analysis, the content of individual
chemical elements in the pyrocondensate and its individual fractions was
determined. It was established that the content of metals in the pyrocondensate is
relatively low. In the case of pyrolysis of polyethylene waste, it is 33 ppmy
polystyrene - 44 ppm; polypropylene - 132 ppm. Technological impurities were
identified - metals that entered the polymers during their production or processing
(in particular, Cr, Cu, Mo, Pb) and accidental impurities (in particular, Ca and Fe).
The content of heavy metals (V, Ni), which are especially dangerous for
technological processes of further processing of pyrocondensate, is minimal. It was
established that during pyrocondensate distillation, the main part of the metals
enters the residue.

The composition and properties of pyrocarbon obtained in the process of
pyrolysis of polystyrene waste have been studied. It has been established that
pyrocarbon is practically not wetted by water, but perfectly absorbs oil and oil
products. The oil absorption capacity of pyrocarbon from the pyrolysis of
polystyrene waste is within 0,66-0,96 g/ g.

Conclusions

To ensure that the performance characteristics of the gasoline and diesel
fractions of pyrocondensate from the pyrolysis of polymer waste meet the
requirements of regulatory documents, it is necessary to send the fuel fractions of
pyrocondensate for further processing. For gasoline fractions of pyrocondensate,
this involves the use of hydrogenation and catalytic reforming processes. For diesel
fractions, this involves the use of hydrogenation of unsaturated hydrocarbons. The
pyrocondensate distillation residue is recommended to be used as a component of
fuel oil or as a raw material for the production of plastic lubricants. Pyrocarbon is
proposed to be used as an adsorbent for the collection and localization of oil and oil
product spills on solid and water surfaces.
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Introduction

At the current stage of development of the oil refining industry, one of
the key challenges is to deepen the processing of crude oil with the aim of
maximizing the yield of valuable light fractions. Given the limited availability of
light crude oil resources, the importance of technologies that enable efficient
processing of residual feedstocks —such as fuel oils, bitumen, and heavy gas oils —is
steadily increasing. One of the promising directions in this field is high-pressure
thermal cracking, which facilitates the breakdown of high-molecular-weight
components of heavy crude into lighter fractions. However, existing thermal
cracking technologies face significant limitations in terms of product yield, process
selectivity, and operational stability. Therefore, the development and
modernization of thermal cracking technologies, considering recent advances and
research, is a highly relevant objective.

Main material

Thermal cracking of heavy feedstocks is typically carried out at
temperatures of 480-540 °C and pressures of 2-7 MPa. The main products of this
process are thermogas oil, cracked gasoline, light gaseous hydrocarbons, and
cracked residue. The depth of conversion depends on both the residence time and
the intensity of the thermal effect. In conventional units, the yield of light fractions
does not exceed 30-35%, while the cracked residue is characterized by a high
content of resinous and asphaltenic compounds.

One of the effective approaches to improve the process is the application
of visbreaking—a mild thermal cracking technique used to reduce the viscosity of
fuel oil or bitumen and produce boiler fuel without the addition of lighter
hydrocarbons. A comparative analysis of furnace-based visbreaking and
visbreaking with an external reaction chamber shows that the latter offers
advantages in terms of gas oil selectivity, reduced energy consumption, and
increased service life of the equipment. Furthermore, introducing flow
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turbulizers —such as up to 10 wt.% of steam or light distillates —into the feedstock
stream enables control over residence time in the reaction zone and minimizes coke
formation.

Another promising method involves the preactivation of heavy feedstock
using oxidizing agents such as ozone, air, or ozonides. This preliminary oxidation
promotes the formation of active radicals, which allows for a reduction in the main
cracking temperature, increased distillate yield, and decreased coke formation.
Research has shown that pre-treatment of fuel oil or bitumen with air at 50-250 °C,
followed by thermal cracking at 300-450 °C, can achieve light fraction yields of up
to 70-75%, significantly surpassing those of conventional thermal processes.

Of particular interest in the context of deep conversion of heavy oil
residues with minimal capital investment is the process of thermal cracking using
atmospheric oxygen as an activator.

Considering the combination of oxidation and cracking mechanisms
involved in hydrocarbon transformation, it is plausible to propose a mechanism in
which oxygen from the air affects the reactive mass components during the thermal
cracking of heavy oil feedstock.

Conclusions

The conducted analysis confirms that enhancing the technology of
thermal cracking of heavy oil fractions is both a relevant and achievable objective in
the context of modern oil refining. A comprehensive modernization of the process
may include the integration of visbreaking with an external reaction chamber,
which demonstrates improved selectivity for gas oil fractions, reduced energy
consumption, and extended equipment lifespan. Moreover, the introduction of flow
turbulizers —such as steam or light distillates—into the feed stream enables more
precise control of residence time and reduces the formation of carbonaceous
deposits, thus improving operational reliability.

An especially promising direction is the pre-activation of heavy feedstock
using oxidizing agents such as air, ozone, or their derivatives. Preliminary
oxidation promotes the formation of reactive intermediate species and facilitates
subsequent thermal decomposition at lower temperatures. Experimental results
have demonstrated that such an approach may increase light product yields to 70-
75%, considerably exceeding the capabilities of conventional technologies.

Particular attention should be paid to the use of atmospheric oxygen as a
low-cost and effective activator, which opens new possibilities for upgrading
residual hydrocarbons without the need for expensive catalysts or extensive
infrastructure changes.
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Beryn

Opnielo 3 IIpWYMH HMU3BKOI KOHKYPEHTHOCIIPOMOXKHOCTI ITPOAYKIIil
YKpalHCBKMX TipHMYMX IIOIOPUEMCTB € BHUCOKAa €HepProeMHICTh IIPOLIEeCiB,
syMmobileHux ix HuspkuM KKII. Ase giricHa HpuumHa Takoro cTaHy IIOJISITa€ B
HeZIOCTaTHBOMY HayKOBOMY pO3poOJIeHHI OCHOBHMX BMpOOHMUMX Iporiecis. Taki
mpowecy, sK PyVMHyBaHHS TipCbKMX IIOpif, € BUIIaJKOBMMM HecCTal[iOHapHVMMI
mpolecaMy, IO BaXXKO MiOJaloTbCs BUMIPIOBaHHIO, aHaJli3y, IIPOrHO3y 1
KepyBaHHIO. /[IJIS [OCTKeHHS CKIAOHMX OMHAMIYHMX O00’€KTiB IIMPOKO
3aCTOCOBYIOTBCS METOAM MaTeMaTWYHOIO MOIE/IIOBaHHs, OCHOBOIO SAKUX €
yHiBepcaIbHI HayKOBI IIPVHIINIIN.

OcHoBHMII MaTepian

Imes, mo gBUIlla B IIpUpOAl MarOTh [esKi eKcTpeMasIbHi BJIacTMBOCTI,
BUHUKIA IIe y dinocodis mpeprrvol Emmagm. Ilepre BrimeHHSs imel y Burismi
JizngHOTO HPUHINITY HaJIeXUTh (PpaHIly3bKoMy MaTeMaTuky [1'epy depma. B
1629 p. BiH BCTAaHOBMB, IO CBITJIO IIOIIMPIOIOYUNCH Bil OOHi€l TOYKM IO iHIIOI,
“Bubupae” Takmit IUIAX, 00 Yac IIPOXOIKeHHsI BifICTaHi BUSBUBCS MiHIMaTbHVIM.
B 1696 p. Vloran BepHysuti HafpyKyBaB 3aady M0 BU3HAUEHHIO MUISAXY, TIO STKOMY
i BIUIMBOM BJIACHOI BarM CIIyCKa€TbCs TUIO, siKe, IIOYaBIIN PyX Y BePXHil TOYLI],
Oivime A0 HIWKHBOI 3a Hamkopormmit dac. llg 3HaMeHwmTa “3amava 1Ipo
OpaxicTpoxpoHy” mpakTmdHO Oyria aHastorom npuHIMIy @Pepma B MexaHiIi.
3asHaueHi poOOTM MOCITYXWIM IIOIITOBXOM IUIS TIOMIYKiB OUIBII 3arajbHOTrO
eKCTpeMaJIbHOTO IIPMHLMILY pPyXxy. Bmepme mert mnpuHmmm Oy MaOyTh
chopmypoBaami B yvicTax JlenbHina. Bussmiocs, mo resika XapaKTepucTKa, 1110
BiH HasBaB “action” (mis) mpm pyci TiTa 3aIMIIIAETBCS BeCh Yac €KCTPeMasIbHOI.
Opnak IMMpOKOi IOMyJISIPHOCTI Ie (POPMYJIIOBaHHS He OTPUMAsIO, OCKiJIBKM
JlentOHin o 11pOrO IMTAHHS He ITOBepTaBcs. BBaxaeThcs, 1m0 aBTOpoM “principe de
lamoin dreaction” (mpuHIMIy Havmenmoi pil) Oys mnpesumeHT beprircbkol
Axapewmii IT'ep MomnepTroi. 1lle B 1740 p. BiH ony0OItiKyBaB IIpallio, B gKilt II0Ka3as,
IO CYICTeMa MaTepiaIbHIIX TOYOK 3HAXOAMTECS y piBHOBa3i TOMi, KOJIM CyMa IesKIX
noOyTKiB eKkcTpeMmasibHa, a B 1746 p. cdopmysioBaB yHiBepCaIbHWUV IIPVIHIIVAIL



mailto:ux0un@ukr.net

“$Ixio B mpupozi BimOyBaeThcd sIKach 3MiHa, TO HeoOXiTHa T4 i€l 3MiHM Mipa mif
€ MiHiMaiTpHOIO”. MaTeMaTndHe OOrpyHTYBaHHS i OUTBIN DIMOOKWMI 3MicT B Iient
npuHaumI BHic Evvtep. YV 1834 p. 'aminbToH A0BiB, 110 A1 KOHCEPBATUBHMX CUCTEM
MOJXKHa He BUIMAaraTy BUKOHAHHS 3aKOHY 30epe)XeHHs eHepril Ha BCiX TpaeKTopisx,
SIKITIO B3SITU A0 y BUIJIAI:

_ 3
- 1 ( - ) (1)
ne T - kiHeTnuHa eHepris, U - TIoTeHITialTbHA €HEPris cUCTEMU

[J1s1 3arayTbHOTO BUIIAAKY PyXy aHayIOTriuHe JoBeleHH: OyIio 3po0sieHo B
1848 p. M.B. OcrporpagcekmM, TOMy TBepIDKeHHd MpO CTalliOHapHICTb
dyukmionana (1) mmg  mivicHoi TpaekTopii pyXy HasMBaOTh IIPUHIIAIIOM
lamineroHa-OcTporpanacekoro. [TpupisHIOIOUNM TIepITy Bapiariro dpyHKIioHama (1)
11O HyJIs, 3HaXOOATh KilacuuHi piBHAHHA Jlarpamka. Pyx € pesysibpTaToM B3aeMopil
YaCTMHOK 3a [OIOMOTOI0 HYOTHMPBOX TWUIIB dyHOaMeHTaJIbHMX CWI -
eJIeKTPOMATHITHMX, TpaBiTallitHMX, cmabkmx i cwrpHMX. IIpm ommci mporiecis
TipHMYOTO BUPOOHMIITBA BPaXOBYIOTBCS TpaBiTalliiHi Ta eJIeKTPOMAarHiTHi
B3a€MOZI1, SIKi OIMCYIOTbCA OOHVIM 3 TaKMX KJIaCUYHMX PiBHAHD:

HeroTona (1687): d(mV;)/dt=F; (2)
Emnnepa (1758): d(Jo)/dt = M;; 3)
Jlarparka (1788): d(dL/dqi)/dt - dL/aqi = Qi; 4)
laminpToHa: dD/éot=-H; )
Enmrreriza (1905): d(mOVi/ V(1 - viz/c?) = Ki. (6)

Haseneni piBHAHHS, HesBaXkaroun Ha pisHy dopMy sammcy i Pisudny
CyTb, IIO BUPAKAETbCS HUMM, 3HAXOOSAThCA B TICHOMY 3B'SI3Ky i MOXyTb OyTu
OTpMMaHi 3 MOPUHIMIY HamMeHINoi i, gk i pisHAHHA Jlarpamxa. Ilporec
TipHMYOro BUPOOHMIITBA PO3IIISIAEThCA BPEITi-PellT, IK PyX Macu B IIPOCTOPi.
AHaTITMYHMIT OIMC TaKOro pyxy abo MaTeMaTWYHe MOEIOBaHHS IIPOLIeCy
TPagUIIiHO 3iICHIOETHCS 3a JOIIOMOIOoI0 IydepeHIliaIbHIX piBHAHb, HaBeIeHMX
panime. Ta mopaibini AOCTIIXKeHHs MHepeMillleHHd TiJl y IPOCTOpi [I0Beju, IO
MoIle/Ib AeTepMiHOBAaHOTO PYyXy € JIMII IIepIInMM, HaOIVDKeHHSM 0 MAiMICHOTrO
XapaKTepy pyXy, IO Ha3MBaIOTh BUIIAIKOBUM abo0 MIMoBipHicHMM. [JOCBi TOKA3ye,
IO TPYHTYIOUMCh Ha 3a3sHauYeHMUX KIaCMYHMX PiBHAHHAX, HEMOXJIIMBO OfepKaTu
aZleKBaTHMV OIVIC HecTallioHapHOIO VIMOBIPHICHOTOPYXY Macl B IIPOCTOPI.

BucHoBKM

Tpammitiviai meTepMiHOBaHI MaTeMaTWUHI MOIeNI peaJlbHUX BUPOOHMUMX
IIPOIIeciB, IO 6a3yIOTbC$I Ha OPVHIOVII HaVIMeHIIOl Ail, Y BUIVIANL PiBHSAHBL TUILY
Jlarpamxa, abo exBiBayleHTHI M, € TUTBKM ITepIM HaOIVDKeHHSIM O OIVICY [IiVICHOTO
pyXy Macu B mipocTtopi. JlocBin, i aHasIi3 moKasam, 110 TPYHTYIOYMCh Ha 3a3HaYeHMX
KJIaCMYHMX PIBHSAHHAX, HEMOXIMBO OHepXKaTy afdeKBaTHWMI OIIMC HecTallioHapHOI'O
VIMOBipHiCHOTO Ppyxy wMacu. HeoOximHO BuKOpucraTi iHIN yHIAMEHTaTBHI
HPVIHLIVIIL
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Chapter IV.

Modern Energy Technologies in Power and
Transport
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Introduction

The full-scale invasion of the Russian Federation into Ukraine on
February 24, 2022, fundamentally changed the conditions of energy security and
created a critical need to search for alternative motor fuels. Targeted strikes on oil
refineries led to a 56% reduction in oil processing in 2022. Under martial law
conditions, comparative assessment of alternative fuels efficiency, including ethanol
blends and modified petroleum products, becomes particularly relevant. The 4.5-
fold increase in military equipment usage intensity requires a comprehensive
approach to evaluating alternative fuel resources as a strategic task of the country's
energy independence.

Main Material

The study of alternative motor fuels efficiency was conducted through
comparative analysis of five samples: A-95 and A-98 gasolines, Dp-EURO and Dp-
Pulls diesel fuels, TS-1 aviation fuel, and ethanol blends with co-solvents. The
highest efficiency is demonstrated by A-98 gasoline with calorific value of
43,750+2,158 M]J/kg and minimal mercaptan sulfur content of 0.0012% mass.
Ethanol blends based on A-95 with 10-20% ethanol addition and co-solvents
showed significant improvement: phase stability increase up to 5 times, water
resistance up to 3 times, cloud point decrease by 17.3°C and octane number increase
by 4-5 units.

Environmental efficiency was assessed through biotesting and emission
analysis. Ethanol blends with co-solvents provide CO emissions reduction by 43%
and hydrocarbons by 42% compared to A-95.
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Table 1
Engine emission indicators when using different fuel blends

Fuel blend composition Exhaust gas emissions 4 (excess air

CO, HC, NO,, CO;, | coefficient)

% ppm ppm Yo

A-95 (standard) 1.87 143 679 13,6 098
A-95 +E10 (10% ethanol) 142 128 742 13,2 1,04
A-95+E10 (10% ethanol) + 1,29 116 759 12,9 1,07
butanel (0.5%)
A-95+E10 (10% ethanol) + 133 103 731 13,1 1,05
isopropanol (0,5%)
A-95 + E20 (20% ethanol) 1.21 97 793 128 1,08
A-95+E20 (20% ethanol) + 1,06 83 816 12,7 1,12
butanel (0.5%)
A-95+E20 (20% ethanol) + 1,19 29 787 129 1,09
1sopropanol (0.5%)

Conclusions

The research results confirm the critical importance of fuel resource
diversification for Ukraine's energy security. Ethanol blends with co-solvents
demonstrate the highest comprehensive efficiency, combining improved
operational characteristics with reduced environmental impact. Alternative fuel
compositions can successfully replace traditional petroleum products, providing
better environmental indicators. The obtained results can be used for forming state
strategy for alternative fuel infrastructure development under martial law

conditions.
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Introduction

Ethanol shares similar characteristics and chemical structures with fossil
fuels. This finding is particularly relevant in the context of Indonesia, which has
significant potential for bioethanol production. Furthermore, ethanol has a higher
octane number than gasoline, as reported by some researchers, making it effective
in reducing knocking in the combustion chamber.

Main material

However, using pure ethanol as an engine fuel requires advanced engine
modifications. On the other hand, ethanol-gasoline blends can be used with
minimal adjustments. For ethanol blends, modifications to combustion components
such as ignition timing, fuel injection, compression ratio, and octane number ratio
are necessary to ensure optimal performance. Meanwhile, it was observed that
using E20 improves combustion efficiency at 1500-3000 rpm. They also noted that
at A=0.9, engine torque remained consistent, while NOx emissions were reduced by
50% at A =1. In a similar study, other researchers explored the effect of modifying
the compression ratio (10:1, 11:1, and 12:1) on engine performance with ethanol
blends such as E22 and E100. Their findings showed that increasing the
compression ratio at high speeds improved engine performance with both ethanol
blends.

However, while E100 resulted in higher specific fuel consumption (SFC)
compared to E22, the latter showed little impact on SFC when adjusting the
compression ratio. Notably, increasing the ethanol content in the blend reduced the
engine's SFC and improved thermal efficiency. Furthermore, various methods to
examine E10 and E20 blends in a spark-ignition two-wheeled motorcycle engine
with five different compression ratio (CR) were employed. The results showed that
as CR increased, HC, CO, and NOy emissions decreased, whereas CO2 emissions
rose due to improved thermal efficiency during the combustion process. The
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performance curves indicated that increasing ethanol concentration enhances
engine torque, brake power, Brake Thermal Efficiency (BTE), and Brake Specific
Fuel Consumption (BSFC). Ethanol addition leads to a lower combustion flame
temperature, reducing exhaust gas temperature and consequently lowering exhaust
emissions. A higher CR results in increased combustion chamber pressure, a faster
heat release rate, and a shorter combustion duration.

While optimal spark timing improves combustion, excessive spark advance
and optimal timing negatively affect performance. Especially, when the
compression ratio is appropriately matched with spark plug ignition timing, CO
emissions are reduced by 52%, and HC emissions by 43%. When combined with
ethanol, the research octane number (RON) of gasoline affects combustion
characteristics. Increasing RON improves fuel sensitivity and enhances
antiknocking properties. Ethanol blends increase vapor formation, leading to higher
thermal efficiency. Additionally, charge cooling effects may contribute to improved
mean effective pressure. Delayed fuel injection in gasoline-ethanol mixtures can
cause fuel and air to accumulate on the spark plug, raising HC and CO emissions.
The effects of spark timing adjustments on the combustion chamber using RON 91
and 95 were investigated. Their results indicated that advancing spark timing
increased brake power, maximum power, and reduced SFC. However, NOx
emissions rose with spark advance, while HC and CO emissions decreased. Given
the environmental challenges posed by traditional fuels, exploring alternative
options like ethanol is essential. This study focuses specifically on the potential of
ethanol-gasoline blends, which offer environmental benefits and enhanced fuel
quality. Despite these advantages, research on engine modifications for blends
containing more than 30% ethanol remains limited. Ethanol has several superior
properties compared to gasoline. Its high laminar burning velocity and abundant
hydroxyl (OH) units enable complete combustion. Additionally, ethanol’s low
stoichiometric fuel-air ratio and high latent heat contribute to the formation of a
dense air-fuel mixture in petrol engines. Its high self-ignition temperature and
octane value allow engines to operate at higher compression ratios without
knocking. These characteristics, along with ethanol's ignition timing and flash point,
make it suitable for smallscale engine operations with a low risk of misfires.

Despite its advantages, ethanol has some disadvantages, most notably its
corrosive nature, which can damage rubber, plastics, and certain metals commonly
found in engine components. This can lead to fuel leaks, reduced engine
performance, and potentially severe engine damage if not addressed promptly.
Ethanol blended fuels are also more susceptible to vapor lock due to their lower
boiling point compared to pure gasoline, making starting more difficult and
potentially causing engine stalling during operation, especially at high
temperatures or altitudes. Additionally, ethanol can absorb water vapor from the




atmosphere, leading to phase separation and accumulation of water at the bottom
of the fuel tank. This results in deposits that can clog filters and fuel injectors,
further reducing engine performance. This study employed the Taguchi method of
experimental design, selected for its efficiency in minimizing the number of tests
required. By using orthogonal arrays, this approach allows various factors to be
assessed simultaneously without testing all possible combinations, thereby saving
time and resources.

The Taguchi method helps researchers obtain maximum information from
a limited number of tests in complex factorial studies. The primary goal of this
experiment is to understand how changes in specific variables, such as fuel
composition and ignition settings, affect the outcomes. This, in turn, helps clarify
the relationships between these factors and their results. The optimization process
also reveals the overall power characteristics of the optimal results, as shown in
Figure 1 - 3. The figure obtained matches the standard conditions described in
previous research. The application of optimal conditions resulting in low HC and
CO emissions also leads to higher torque and power (Figure 1 and Figure 3).
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Figure 1. Performance characteristics, torque vs speed

At 6000 rpm, these conditions increase power by 8.6%, from 9.8 Nm to 10.65
Nm for optimal CO, and an 8.98 Nm increase for optimal HC. The usage of ethanol
is particularly beneficial for emissions reduction because it contains more oxygen
than fossil fuels such as gasoline. According to studies, suggest that increased
oxygen availability enables more complete combustion of the air-fuel mixture,
which is crucial for reducing unburned HC. Increased oxygen availability enables a
leaner airfuel mixture, improving combustion efficiency and reducing specific fuel
consumption (Figure 2).
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Figure 3. Performance characteristics, power vs speed,
Conclusion

The results from this study indicate that using higher ethanol blends, such
as E70 and E80, leads to an increase in the engine compression ratio, contributing to
improved combustion efficiency and performance. Additionally, ethanol’s higher
heat of vaporization compared to pure gasoline helps reduce the air-fuel charge
temperature, increasing the fuel density and promoting more efficient combustion.
Moreover, the oxygen content in ethanol facilitates more complete combustion by
promoting better mixing of the air-fuel mixture, resulting in a more efficient burn
and lower emissions.
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Beryn

Crpimvke 3pocranHs BJJE (coHsuHOI Ta BiTpOBOI reHepallii) mecrabimisye
eHeprocucTeMy, BUMaraioody HOBUX pillleHb 111 30epiraHHsA Ta OaraHCyBaHHS
eHeprii, OCKUIbKV TPaAWIIiVHI CCTeMM He IIPUCTOCOBaHI 10 TaKMX KOJIVBaHb, III0
3arpoXxye CTabUIPHOCTI Ta OOMeXye BUPOOHWMIITBO UMCTOI eHepril. Y IIboMmy
KOHTEeKCTi  BOAeHb € VHiBepcaJlbHMM  €HepreTMYHWUM  pillleHHSM  [IJId
IOBFOTPUBAJIOTO aKyMYJIIOBAaHHS BEJIMKMX OOCSTiB eHeprii, BUpIIIyouM Ce30HHI
mucbarancy MK BupoOHMIITBOM BJIE Ta CIIOXMBaHHSM IIUIAXOM II€PETBOPEHHS

HaIJTUIITIKOBOT eHepril Ha XiMiuHWIT eHeproHOoCil a1 30epiraHHs Ta BUKOPVICTaHHS.
OcHoBHa yacTMHa

"3erreHnt" BOAEHb BUPOOIISIOTH €JIeKTPOJIi30M BOMAM, IO € OCHOBOIO
P2G2P mmxity myis 30epiraHHs Hammmimkosoi eHeprii 3 BJE. Bubip TexxHosmorit
enextposisy (PEM abo SOEC) 3anmeXxuTs Bif 3acTocyBaHH:, 30KpeMa OajlaHCyBaHH:
Mepexi abo jekapOoHisallii IPOMMCIIOBOCTI 3 BUKOPUCTAHHSM BifIIpalibOBAHOIO
TeIUla, IO ITOTpebye AvdpepeHIIiTioBaHOI HaIliOHaIBHOI CTpaTeril 3 ypaxXyBaHHSIM
perioHayIbHIX OCOOJIMBOCTETL.

VYxpaina wmae Bermmky wmepexy IICI (momam 31 muipm kxy6. M) 3
MepCreKTUBOoI0 30epiraHHs BOAHIO, OCOOIMBO B COJIAHMX KaBepHax 3aBIsKy
3HaAUYHMM IOKIafgaM cosli. MiKHapooHWMII JOCBiA HiOTBepIKye AOLIUIBHICTD IIHOTO.
YuikanpHa iHPpacTpykTypa poOuth YKpaiHy HOTEHIIITHVM KITIOUOBUM IpaBIeM
Ha €BPOIIeVICKOMY PMHKY 30epirarHs BogHIO. YKpaiHcbka I'TC noTpeOye 3Ha9HMIX
MommdiKalin I TpaHCIOPTYBaHHS BOIHIO, ITompu ii MacmuTabHicTs (moHam 33
000 xm). OnepaTop I'TC mwanye ninrorosky mo 2035 poky, aje HeOOXimHNM ayauUT
LJTiCHOCTI TPy OOIIpOBOAIB Yepe3 PM3UK BOTHEBOI KPVIXKOCT].

IlepeTBOpeHH: BOIHIO B eJIeKTpOeHeprio bajlaHCye eHeprocucreMy Ipu
miKoBoMy ItonmTi abo Hm3bKiN rereparnii BE, ane roro Huseka edexrmsHicTs (30-
40%) BUIMarae IepeoIliHKM, BpaxoBYyIOUl BUKOPVCTaHHS HaIJIUIIIKOBOI eHepril BIIE
3 HYJIbOBOIO BapTicTio. EkoHOMiuHa Buroma mossirae y MoHerwmsamii 40% iHakmre
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BTPaueHOro pecypcy, 10 CTae KPUTWMYHO BaXJIMBWMM IIpum Bucokin wacrii BJE.
ITpusenena BapticTe 30epiranHs (Levelized Cost of Storage, LCOS) e xmodoBuM
ITOKa3HVIKOM IS TIOPiBHSHHS TeXHOJIOTiN 30epiranus. LCOS BpaxoBye Bci BUTpaTit

Ta e(PeKTUBHICTb ITPOTATOM XUTTEBOTO IMKIIY IIPOEKTY.

IMopiBHSHHS Ppi3HUX TeXHOJIOTI BimoOpaXae ix MHOIIBHICTE ISt
3aCTOCyBaHHSI IIpM pi3HiIM TpuBajsocTi 30epiraHHS: JITIV-IOHHI aKyMyJgTOpuU
edeKTMBHI I KOpOTKO4dacHoro 30epiramHs (mo 4-8 rommn), 'AEC - mig
cepenHbOCTPOKOBOTO (8-24 TomMHM), ajle X 3acTOCyBaHH:S oOMeXxeHe reorpadidHo.
Bomens Ma€e HM3BKY e(peKTMBHICTD IIMKITY Ta BUCOKi BUTPATV Ha IIepEeTBOPEHHS, ajle
HU3bKY BapTiCTb eHepreTMYHOI €MHOCTi, IO pOOUTE TIOTO €KOHOMIYHO BUTITHMM
g 30epirapHs noHanm 13-15 romuH Ta €IMHMM BapiaHTOM IS CE30HHOTO

30epiranHs. Y Tabmuiri 1 mpuBOAUTHCS MOPIBHSIHHS 714 Pi3HMX BUIIB 30epiraHHs.

Tabauysa 1
INopiBHsTTEHA IpUBeaeHa BapTicTh 30epiranua (LCOS) 3a TpuBaticTIO
Texnomnoria | TpusarticTs, LCOS EdexrmsricTs | TepMmin KimrouoBa
roj, ($/xBt oA, ITIOBHOI'O CITyKOM IepeBara
Iiarla3oH) LUKITY, % (poxm)
JliTiv-ioHHMI 4 0.170 - 0.296 85-90 10-15 Bucoka
aKyMYJIATOP e eKTUBHICTD,
LIBUIKA peaKLis
8 0.150 - 0.250 85-90 10-15 IM'myuxicTs 11
(o11iHOYHO) T1000BOTO LIMKITY
TAEC 8-24 0.100 - 0.200 70-85 40-60+ Husbki
orreparliHi
BUTpAaTH,
JITOBI'OBIUHICTH
Bonennb 24 0.200 - 0.400 30-42 20-30 |Hwmsbka BapTicTh
(corstHi (o11iHOYHO) €HepreTMYHOL
KaBepHM) €MHOCTI
100+ <0.150 30-42 20-30 MoxuBicTb
(mporuo3) CE30HHOI0
30epiraHHsg

BucHOBKM

Bonenr Mae sHauHi IHepcrieKTWBM [JId €HepreTUKM Ta HallioHaJIbHOI
Oe3mexn 3aBOgKM 30ATHOCTI OO TpWBajoro 30epiraHHs, [OIIOBHIOIOYN
aKyMyJISTOpHi pimeHHs. Vloro ekoHOMiuHy edeKTUBHICTb CTPUMYIOTh HU3bKA
MPOAYKTUBHICTG Ta 3HauHi iHBecTwilii. YKpaiHa Mae HOTeHITiayl mj1d 30epiraHHs
BOIHIO 3aBIsKM reosioriuHmMM pecypcam Ta I'TC, ajle icHyIOTh TexHiUHi puU3UKU

epeobrTanHaHH: IHPPACTPYKTYyPH Ta CKIIAIHOIII 3 perysiTopauMy HopMmamu €C.




IlopiBasaHHA KinbkicHMx Ta SIKicHMx Iloka3HUKIB
IIponykris Iliposisy IlepepobsieHHAM
I'ymoBux Binxonis Pizanx Tumnis

Kocmanmun @yma
Kwuiscbkum nomitexHiuaniz iHeTnyT iMeHi Iropst Cikopcbkoro

E-mail: f. konstantyn@gmail.com

Beryn

Y KOHTeKCTi TOCTIHO 3pocCTarodoro obcAry BiAXOmiB Ta HeoOXimHOCTI
BIIPOBAIDKEHHS IIPMHIVUINB IUPKYJISIPHOI €KOHOMIKM, NWTAHHS IlepepoOIeHH:
TYMOBUX MaTepiasliB, 30KpeMa, IIMH Ta iHIMMX TYMOTeXHIYHMX BUpPODiB, TTOTpedye
ocobmmeoi yBarm. OmHMM 3 IepCHeKTMBHMX PillleHb € TepMiuHa IepepobOka
TYMOBUX BifgxomiB MeTtopgom mipomisy. Llen mipxif mo3Bosise oTprMyBaTy KOPVICHI
BTOPVHHI IPOOYKTU - PifiKe TIaJIMBO, Ta30By (PPaKIIifo, TEXHIYHUI BYTTIEllb.

OnHak eeKTUBHICTH MipOIi3HOTO IPOIieCy 3HAYHOIO MipoI0 3aJIeXXUTh Bifl
TUIy BWXiZHOI CHMpPOBMHW, YMOB IIpOBEIE€HHsS IIpoIlecy Ta OcCOOIMBOCTEN
3aCTOCOBAHOrO OOJIagHaHHS. BMBYeHHS KUIBKICHMX 1 SKICHMX IIOKa3HUKIB
OTpMMaHMX HPOOYKTIiB [IO3BOJISE OLIHUTM HOLUIbHICTh IIepepoOKM pPi3HMX THUIIB

TYMOBVIX BIIXOMiB Ta BM3HAUYMUTH OIITVMa/IbHI TeXHOJIOTIYHI ITapaMeTpL.
OcHoBHa yacTHHa

s mmpoBenleHHsI TOPiBHSJIBHOTO aHaIi3y KUTBKOCTI Ta SKOCTi BUXiTHMX
OpOAyKTiB Miposisy TyMOBMX BigxomiB Oyso oOpaHO mBa TWMIIM CUPOBMHMN:
aBTOMOOUIBHI IMMHN — BUKOPWCTAHI IIVIHM JIETKOBYUIX Ta BAHTaXHMX aBTOMODITIIB, 3
MiHIMaTPHUMM 3aJIMINKaMM Bifl CTajJleBUMX KOpPHAiB; YMOBi [deTasi aBTOMOOLIA —
VIIUIBHIOBaYI, ITPOKJIaJKM, T'YMOBI MaHXeTu Ta iHIm pgetani. 1t mposemeHHS
IOCIIIKeHHs BUKOPMCTOBYBaJlaCh YCTaHOBKa IIepiogu4HOI Ail 3 repMeTUYHUM
CTaJIeBUM peaKTOpOM. YMOBM IIpollecy: KiHIleBa TeMmeparypa 550+10°C,
mByaKicTs HarpiBaHeHs: 10°C/xB, TpuBamicts BuTpuMKM 90 XxB, cepemosuIie
Oe3kuicHeBe (a30T).

KimpkicTe Ta 4KicTh KOXHOI (ppakKilil BM3HAYaIMUCS 3a IOIIOMOTOIO
CTaHJAPTHWX METOMiB: MacoBa YacTKa, eJIeMeHTHUV CKJIaf, CIIeKTPOCKOIIYHMIA Ta
xpoMarorpadiunmy aHali3. ABTOMOOUIBHI IIMHWM HPOHEMOHCTPYBaJIM BUIINIA
BUXin pinkol (45%) Ta TBepmoi dpaxuin (35%). Y Tom dWac AK rymoBi pgerari
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yTBOpWIM OLTBIIMM BifcOTOK rasomromioHoro mpomykry (33%). Lle moscHioeTbes
Pi3HMM CKJIQIOM CUPOBMHN: IIMMHM MICTITh OiTbllle BYITIEBOOHEBOI OCHOBWM Ta
ortidpiHiB, a JOIOMIXHI fTeTasti — OiIbIIe JOIaTKOBVIX HAIIOBHIOBAYiB, CipKIL.

Pinka ¢paxuig. Ximiuamm anamis pigkoil dpaxilii mokasaB HasIBHICTB Y
CKJIafli IlepeBa’kKHO BYIVIEBO[HIB, BKIIIOYAIOUM IIMPOKWUI CIIEKTP apOMaTWYHIX
(Gensos1, TONyONI Ta KCWIoN) Ta aymidaTwdHMX cronyk. IlipomisHa pigmHa i3 mmH
XapaKTepMU3Y€eThCSI BUIIOI TEIUIOTBOPHOIO 3AaTHICTIO (~42 MJDX/Kr) i MeHIMM
BMicToM cipku (~0,9%), HOpiBHAHO 3 PiIVHOIO, OTPMMAHOIO 3 I'YMOBUX [eTaslen
(TermorBOpHa 3martHicTs ~37 MJIX /KT, BMIcT cipkn ~1,4%). MoxHa BUAIIMTH, IO
pinka dpakiiis 060x 3pas3KiB MiCTUTH IMMOHEH - BaXJIMBUI iHTepMeiaT y XiMiuHi
IIPOMWCIIOBOCTI

TBepma dpaxuig (TexHiuamit Byrytels). CKlamaeTbes IepeBakHO 3 ByTJIEIO
Ta HeopraHiYHMX AOMIIIIOK, TaKMX SIK CipKa Ta OKCUIV MeTaJliB. Moro moTeHtriviHe
3aCTOCyBaHHSI - HAIIOBHIOBAY IUI TyMOBUX BUpOOiB, y pi3HOro TwuIy
iTBTpaIiTHMX CUCTeMaX, IHIIMX IPOMMCIOBYIX Ipoliecax. 3aIMIIOK Bill IIIVH Ma€
OLTBIII BUpa’keHy IMOPUCTY CTPYKTYpPy, Ta MEHIy KUIBKICTb CipKW, IO € VIOro
IepeBaraMi. Y TOW dYac sIK 3aJIMIIOK Bifl TYMOBMX [eTasiel aBTOMOOIS MicTWUTh
OibIre TOMIITOK MiHepaTbHOTO TTOXOIKEHHSI.

lasononmiOHa dpakmis. MicTUTE B OCHOBHOMY MeTaH, eTWIeH, IIpOoIlaH Ta
iHmm JTerki ByITIeBOmHi. 3rimHO 3 HocIimamm, IlepepoOKa MipO3HMM METOAOM
aBTOMOOUITBPHMX IIIVH, TaK CaMo SIK 1 TYMOBVIX [eTaJIerl aBTOMODLIS, JTa€ Ta30nomioHy
dpaxiiito 3 BmicToMm MeTaHy 110 40%.

BucHOBKM

ITpoBenene mociifKeHHs IIOKa3aslo, IO XiMIUHMI CKJIal CUPOBUHU
OesmocepeHbO BIUIMBAE Ha BUXiJ i SKiCTh HPOAYKTIB MipOJI3y. ABTOMOOLILHI
IITMHY IIPOIEeMOHCTPYBaJIM B IIJIOMY Kpallli pe3ysIbTaTvi — OUTBIIII BUXi Ta BUIILY
TEIUIOTBOPHY 3HATHICTh pigkol paxiiii, Kpamri XapaKTepUCTUKM TeXHIYHOTO
Byrtero. Tomi gK TymMoBi merasti 3abesmewruIn OUTBIIIMIA BMXifd, Ta30IomiOHMIX
KOMIIOHeHTiB. Pe3yjpTaTM TakKoX CBifuaTh IIpO MOMJIMBICTb ITOHAJIBIIOT
OIITMMIi3allil TeXHOJOTIYHMX IIapaMeTpiB IIporecy (TeMIlepaTypHi peXuM,
TPUBAICTh,  SKICTP  KOHJIEHcAllil, Ta  iHIIe) 3  METOI0  IIABUIIEeHHS

eHeproedeKTMBHOCTI Ta 3MeHIIIeHHs eKOJIOTIYHOr0 HaBaHTaKeHH:.




Ouninka Pn3ukie 3a0pygHenssa HaBkoammHbOro
Cepenosuina mig gac TpaHcrmopTyBaHHs Ta 30epiranssa
Hadronpoaykris

Ouee emuenxo, uumpo Ioriwyx, Ilempo Aamyxo8, €eop Xuav
®inig KitacmyHoro rpusaTHOTO YHiBepcuTteTy B MicTi Kpemenuyxk

E-mail: kpudmytro@gmail.com

Beryn

CydacHa eHepreTMdHa IH(MPaACTPYKTypa CTMKAETBCS 3 CEPUIO3HUMU
BUK/IMKaMU y cdepi exosoriuHoi Oesmexkn. TpaHcnopTyBaHHS Ta 30epiraHH:S
HapTOIIPOIYKTIB CTAHOBJIATh 3HAUHy 3arpo3y I HaBKOJIMIIIHBOIO CepeIoBuIIa
depe3 BUCOKMV PU3MK aBapillHMX pO3JIMBiB. AHaJli3 OCTaHHIX AaHMX A€MOHCTPYE
HeoOXimHiCTh BIOCKOHAJIEHHS METOMiB OIliIHKM Ta 3amoOiraHHsS eKOJIOTIYHUM
3arposam y 11ivt cdepi.

OcHoBHMUI MaTepian

CyuacHi JoCIiIKeHHs BUSABIIAIOTh TPUBOXKHY CTaTUCTUKY, 3TIIHO 3 SIKOIO
Ormspko 40% ycix aBapivHMX po3IMBiB HadpTOIPOAYKTIB BiIOyBalOThCS I Yac
IIpolieciB TPaHCIIOPTYBAHHS, IIIO CBITYNTB PO CUCTeMHi IIpobeMu B opranisaril
sroricTvKM HadronponykTis. Hanbinei npobaemunmyu € TpyOomnposinHi crctemy,
Ha sKi npumagae 32% ycix iHIWOEHTIB, IpUYOMYy cepelHil 00cAT poO3IMBY
KommBaeTbes Bim 50 mo 500 KyOiuHMX MeTpiB, IO eKBiBaJIeHTHO 3a0pyIHEHHIO
Tepuropil 1wiomero 5-50 rexrapis. 1li mokasHMKM 0coOIMBO KPUTHYHI 3 OIVISAY Ha
Te, 110 TPYOOIIPOBOIM YaCTO MPOXOISTH Yepe3 eKOJIOTIYHO BpasjIvBi TepuTopil Ta
BOIHI 00'eKTN.

3aJIi3HWMYHMI TPaHCIIOPT AeMOHCTPYE JIMIIIe TPOXW Kpallli ITOKa3HWUKU -
28% asapin i3 posmmsamu Bim 15 go 300 xyOomeTpis, mpwdoMmy HamdacTimi
iHmumeHTN BigOyBalOThCA IIifi dYac MaHEBPOBUX PpoOOIT abo uepes TexHiuHI
HeCIIpaBHOCTi IMCTepH. ABTOTPaHCIOPTHI 3acoOm cTaHOB/IATH 25% BUIaIKiB i3
obcsaramm Bif, 5 7o 100 xyGomeTpis, pu 11bOMy 0COOIMBY Hebe3IeKy CTaHOBJIATH
aBapii B MicbKint 3a0ymoBi abo 11001113y BOmHMX 00'€KTIB, I IIBUIOKICTE MOMMPeHH:

3a0pynHeHHS 3HAYHO BUIIA.

Mopceki TepeBeseHHsI, He3Bakalodull Ha BiJHOCHO HeBeyimki 15% vy
CTPYKTypi  aBapiltHOCTi, XapaKTepw3ylOTbCS  HamOUIBIIMMM  Macimrabamu
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3abpynuenns - Big 100 mo 5000 kxyOomerTpiB Ha OOMH IHIIWMIEHT, IO MOXe
IpU3BECTM 10 €eKOJIOTiYHMX KaracTpod perioHampHOro Macmrady. Ocobmiso
Hebe3euHMMII € PO3IMBU Y BiOIKpUTOMYy MOpi, Ae edeKTMBHICTh 30MpaHH:S
HaTOIPOOYKTiB Pi3KO 3HVDKYEThCS Uepe3 IOTONHI yMOBU Ta Tedil. 1omaTKOBY
3arpo3y CTaHOBUTH Te, IO MOPCBKi PO3JIMBI YacTO IIOIIMPIOIOTBCSA Ha BeJIVIKI

BifIcTaHi, Bpaykarouu IIpn YKHI €KOCVICTEMU T KTY iH TPYKTYPU.
imcTaHi, BpaXkaro OepexHi ekocmcTe a 00'e i ac

ITpn anasisi mpuamH aBapirtHOCTI Ha 00'ekTax 30epiraHHs BUSBIIEHO, 1110
KOPO3iVHi Ipollecu B pe3epByapax € OCHOBHMM YWMHHMKOM, Io cupumanHge 60%
ycix imnymgenTis. Texwiuni HecmpaBHOCTI 3amipHOI apMaTypw CTaHOBJIATH 22%
BUIIAMKIB, TOHi AK JIOACBKMM pakTop i cTmxivHi mmxa Bigmosimeo 12% i 6%.
JlikBifariist HaCJTIiAKiB TaKMX aBapiyl BUMarae sHaUYHMX 4acoBMX pecypcis - Bif 3 10
18 wicariB misg TpyHTOBMX 3a0pymHeHB, Bif MIBPOKY OO [OBOX POKIB IS
IIOBEpXHEBVIX BOMOWM, i Bifl OBOX MO II'ATM POKIB IS BiTHOBJIEHHS IiN3eMHMX
BOIOHOCHMX TOopu30HTIB. (PiHaHCOBI HAC/IOKM TaKOX BapilOIOTbCA y IMIMPOKMX
Mexax - Bifg 10-50 Tmcsu mosiapis Wi He3HauHMX iHITMIOEHTIB 1o 1-50 MinbIIoHIB

mornapis s MacIITaOHMX KaTacTpod.

CygacHi TexHosnorii 3amobiraHHsS aBapisiM y HadTOrasosinn ramysi
pocsry nomitHoro mporpecy. GIS-moperosanHs 3abe3nedye TOYHICTh TPOrHO3iB
85-92%, iHTerpyroum IIpOoCTOpOBi [aHi Ta ICTOPUUHY CTaTUCTUKY. HpoHOBUI
MOHITOPMHI ~ CKOpOYy€ dYac BMSBJIEHHS aBapii Ha 65%  3aBOgKm

MYJIBTUCIIEKTPAJIPHVIM CEHCOpaM.

BuicoxoTouHi gaTumKy THCKY i KOpo3il AeMOHCTPYIOTE 95 % edeKTMBHOCTI,
BUKOPVCTOBYIOUNM aKyCTMYHI MeTOOM Ta Oe3gpOTOBi TexHOJOTil. ANTropuTMHU
MaIITMHHOIO HaBYaHHS JOCATaloTh 78-85% TOYHOCTI IIpOrHO3YBaHHS, aHaIi3yOUN
omepalinHi fgaHi Ta 30BHIINIHI daxTopu. Lli TexHOJIOTII HO3BOJIIOTH He JIMIIIe
BUSIBJISITU 3aTPO3M, ajle 71 OIITUMi3yBaTy MpodiTaKTUYIHI 3aXO0N.

OcobnmBy HiHHICTE MaIOTh KOMIUTEKCHI CHCTEMM, IO ITOEAHYIOTh KiIbKa
TeXHOJIOTiVI I MinBUINeHHsI HaAitHOCTi MoHiTOpuHTY. Taki pirteHHSI 0cO0IMBO
edeKkTMBHI I KpUTUYHOI iHPPacTpyKTypw, e BaXJMBa OIlepaTUBHICTD

pearyBaHHs.
BucHOBKM

EdexTuBHe yHOpaB/IiHHA pPU3MKaMM BUMara€ iHTerpariii cy4JacHUX
TEeXHOJIOTIYHMX pillleHb, BOOCKOHAJIEHHS HOpMaTMBHOI 0a3m Ta IOCTiTHOTO
HaBYaHHs IlepcoHasly. BrpoBamkeHHd HpOaKTMBHUX 3aXOfiB O3BOJIUTH 3HAYHO
3HM3UTYM KUIBKICTH aBapim Ta MiHiMi3yBaTM IX BIUIMB Ha HOBKUDIE. MamOyTHi
OOCIIIKeHH MaloTh OyTM CIpsIMOBaHI Ha po3poOsieHHsS iHHOBAITIMHMX METOfiB
Giopemeriarlii Ta BIIOCKOHaJIEHHS CVICTEM PAHHBOTO TIOIIEPEIKEHHS.




Exomnoriuni Actiekti YTuiizanii BimnpansoBanmx
Mactnisanx Matepiais

Hmumpo Horiuwyx, €eop Kyuepenico, 186an [donin, Ilempo Armyxo8
®inig KitacnyHoro nipusaTtHOro yHiBepcureTy B MicTi KpeMeHuyk

E-mail: kpudmytro@gmail.com

Beryn

IIpobnema yrTwmizarii BigmpalboBaHMX MAaCTWIBHWX MaTepiajliB €
KPUTUYHO BaXIIVBOIO Yepe3 iX BUCOKY TOKCUUHICTB i 3pocTatodi oOcsTy yTBOpeHH:.
ITopiuHo y cBiTi yTBOpIOEThCA MOHaM 40 MJIH TOHH BiflIpallbOBaHMX OJIUB, 3 AKUX

nmre 45% miagatoThes epepooIi.
OcHOBHMI MaTepiasn

Perenepariis MacTwiI € OOHMM 3 HaMOUTBII edeKTMBHMX MeTOMHIiB
IepepoOKM BifTIpallbOBaHVIX MaTepiasliB, III0 J03BOJIAE BiTHOBUTHM 10 85 % BUXiITHVIX
BJIACTMBOCTEVI IIPOAYKTY 3aBISKM CydacHVM TEeXHOJIOTisM OYMIIIeHHs Ta OOpPOOKM.
3a panmMy MDKHapOOHOIO eHepreTMYHOIO areHTcTBa, 1 JITp pereHepoBaHOIO
Maciia 3aomamkye 2,5 jiTpa cupoi Hadptu Ta 3MeHmrye Buxkmau CO» Ha 3,2 KT,
IeMOHCTPYIOUM 3HaUHMI eKostoriuHmit edpekT. CydacHi pereHepartinHi yCTaHOBKM
mocsratore  KKJI 92-95% 3aBmgxm  OaraTOCTyIiHYACTIVI OYNMCTII, BKJIIOYAIOUN
BaKyyMHY OUCTWIALI0 3 TouHicTIo 1°C, BucOKoedeKTMBHY inmbTpariifo 3
posMipom nop A0 1 MKM Ta xiMiuHYy MoaMdiKallifo 3 BUKOPUCTaHHSIM CITeliajIbHVX
KaTaslizaTopiB. BapTicTpk Takmx crcTeM KojmMBaeThCs Bif 1,5 Mo 5 MJIH €BpoO 3aJIeXKHO
Bin motyxHOoCTi (5-50 ToHH Ha A00Y), ajle BOHM OKYIAOThcs 3a 3-5 POKIB 3aBISKM
BUCOKITI TTponyKTMBHOCTI. HartbipIn mmporpecBHi MiAIIPMEMCTBA OCSITAIOTh PiBHS
IIOBTOPHOT'O BUKOPUCTAHHS MaTtepiaiis 1o 98%, minimisyroum Binxomm go 2-5% Bin
3arajlIbHOro 00CATY CUPOBWMHY, IO POOWTEH IVl MeTO[d, He JIMIe eKOJIOTi9HO
BUTiTHMM, ajle 71 eKOHOMIUHO moruTbHmM. Lli mokasHuKM poOssaTh pereHepartito
ONTMMaJIbHMM PpillleHHAM I IIPOMMUCJIOBUX MiANPUEMCTB, IO IIparHyTb

3MEHIINUTHM eKOJIOTIYHM BIUIVB Ta OIITMMIi3yBaTy BUTpaT Ha MacTWIbHI MaTepiailn.

CnanmoBaHH: BiZlIIpallbOBaHIX MaCTWIBHVIX MaTepiasiB 3
€HeproBM/IUTIEHHSAM € BUCOKOeEeKTMBHMM METO[OM YTIWIi3allil 3 TeIUIOTBOPHOIO
sgatHicTIO 38-42 M/Dx/xr (9,100-10,000 KKayI/Kr), IIO HEPeBUINY€e ITOKA3ZHUKMU
Oyporo Byriwra. CydacHi yCTaHOBKM [OCSTalOTh eHeproedeKTmBHOCTI 85-92%

3aBIOSKM BUMCOKOTeMIlepaTypHoMy crnamoBaHHIO (1,100-1,300°C) Ta cmcremam
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peKyIepallii Tervia 3 MoBepHEeHHAM 10 75% eHepril. [lokasHMKY BUKWUIIB CydacHMX
3aBofiB BpaxaroTb: SOx - 30-50 mr/m® (3HVDKeHHS 3 500-800 Mr/m3), NOx - 80-100
Mmr/m® (KaTasmiTaHe 3HVDKeHHS Ha 90%), TBepai wacTku - 5-10 mr/ M3 (edpexTBHICTD
es1eKTpodineTpiB 99.8%), miokcuum - Mmenmre 0.1 Hr/m®. KamitameHi BUTpaTH Ha
Taki ycTaHOBKM HOTyXHicTio 10-20 ToHH Ha 700y cTaHOBIATE 8-15 MIH €BpO 3
TepMiHOM OKYIIHOCTi 4-7 pokiB, Iipu oMy 1 ToHHa MacTwi rexepye 3,800-4,200
KBT Tog emneprii. Y €ppomnericbkkoMy CoOI03i I TeXHOJIOTiSI JI03BOJISIE IIOPIYHO
nepepobssiTi 2.1 MJIH TOHH BinmnparpoBaHMx oymB (55% Bim 3arajIbHOrO 00CATY),
3abesneuytoun eHeprieto 500,000 momorocriogapcts Ta 3MeHIytoun Bukuau CO; Ha
2.8 MiIH TOHH IOpoKy. Havikparmii pesynbraTi criocrepiratoTecs Ipm IepepoOrti
MoTopHUX ommB (38-40 MJ/Ix/xr), riompapmiuamx pigme (36-38 MJDXK/KT) Ta
TpaHcMmicivEMx  ommB - (39-41  MJIx/kr), pe KomOiHOBaHe BUPOOHMIITBO

eJIeKTpOeHePril Ta TellIa Jocsira€ HaMBUIIIMX ITOKa3HVIKIB epeKTMBHOCTI.

®DisuKko-xiMiuHi ~MeTOOM  OUMCTKM  BiAIIpallbOBaHMX  MAacCTWIBHMX
MaTepiajliB JIOCATalOTh BUCOKOI edeKTMBHOCTI y BUOaJIeHHI BaXKMUX MeTaJliB,
sHmkyroun ix Bmict mo 0,001-0,0056 wmr/m, mio BimmoBimae HaVCyBOPIMIMM
€BpOIEVICBKMM cTaHmapTaMmM #AKocTi. Lli TexHOJNOrii BKIIOYAIOTh KOMIUIEKCHI
Ipoliecu KOaryJIsllii 3 BUKOPMUCTaHHSM COJIeVl amoMiHito abo 3armiza (mosa 50-150
Mr/ 1), rtoKyIramil 3 mostimepamm (1-5 Mr/i1), ioHHOTO OOMIHY Ha CIemiasli3oBaHVIX
cMortax (edpekTuBHICTB 95-99%) Ta MeMOpanHoOI dinpTpariil 3 posmipom nop 0,01-0,1
MKM. BapTicTpk Takmx ycTaHOBOK KoJymBaeThbes Bifg 500 Tvc. 1o 2 MJIH €BpO 3aJIeXKHO
BiJl ITOTY>KHOCTI.

biorroriuni MeTonm mepepoOKM IeMOHCTPYIOTh CTaOUTBHY edeKTUBHICTh
Ha pisHi 85-90% 3a mepiox 30-60 mib, mpy bOMY HaVIOLIBII ITePCIIeKTVBHI IITaMM
MIKpOOpraHi3MiB (Pseudomonas,  Bacillus, = Rhodococcus)  mo3BOJISIIOTH
mpuickopioBaTu iportec Ao 20-40 nib mpm omrrmMisariii ymos. BapricTs Oiopemeniariit
cxinagae 50-150 eBpo 3a ToHHY 00pobiIeHOro MaTepiaity, mo Ha 30-40% mermepire
TpanuIlitHMX (Pi3UKO-XiMiTHIX METOIIB, a IJIg BeJMKMX 00'emis (rmorazm 1000 ToHH)
Moxe 3HIWKyBaTuCh A0 30-80 eBpo/T. OcHOBHI mepeBarm Oi0oJIOTiYHOTO MeTOmy
BKITIOUAIOTh MiHiMaybHe eHeprocunoxmsaHHg (5-15 kBt rtom/T), BimcyTHIiCTH
TOKCMYHMX IIPOMDKHMX IPOAYKTiB Ta MOXJIMBICTH OFHOYACHOI IIepepoOKM
OpraHivHMX i Ha TOIIPOAYKTOBIX 3a0pyIHEHb.

BucHoBKM

Cyuacui TexHOOril HO3BONIAIOTH edeKTMBHO IepepoOmsaT 75-80%
BidllpallbOoBaHMX OJIMB. KIIlOUWOBMM 3aBHaHHAM € BIIPOBajKEHHS €KOHOMIUHIX

CTUMYJIiB AU MiAIIPMEMCTB, IO JTO3BOJINTE 30UIBIIMTH piBeHb Iepepobku mo 90%
1o 2030 poky.




Briius [lonaBanHs biokomnioneHTiB mo Tpaauitintamx
Ilanms Ha ix Ekostoriuni Ta Ekcrinmyaranivigi
XapakTepucTuKmn

IHempo Aamyxo6, Boedan Bopona, Audpin Copoxin, JImumpo Iorinyx
®inig KitacmyHoro rpusaTHOTO YHiBepcuTteTy B MicTi Kpemenuyxk

E-mail: kpudmytro@gmail.com

Beryn

CyuacHi TeHIeHIIiT PO3BUTKY IaJIMBHOIO PUHKY CBi4aTh PO IIOCVIIEHY
yBary [0 €KOJIOTiYHO Oe3IeYHMX ajbTepHaTMB TPaJWIiTHIM HadTOIPOXyKTaM.
HomapaHHs: 6i0OKOMIIOHEHTIB 10 MaJIMB IOCTA€ SK MePCIeKTUBHMUI HAIIPSIMOK, III0
IIOENHYE eKOJIOTiuHi MepeBaru 3 TeXHiYHOO0 AOIUThHICTIO. OcobmmBe 3HAUEHHS 114
npobiemMa HabyBae B yMoBax INIoOasibHOI OOpoTBOM 3i 3MiHOIO KiTiMaTy Ta
HeoOXiTHOCTI 3MEeHIIIeHHS 3aJIeXHOCTI Bil IMIOPTY eHeproHociiB. [locrimkeHHs
BIUIMBY OiOKOMIIOHEHTiB Ha MajdMBHI BJIacTMBOCTI Ta  eKCIUTyaTalliliHi

XapaKTePUCTUKM € KITFOUOBVM IS PO3POOKM ONTUMAaJIBHVIX HaJIMBHIMX CyMiIIIevi.
OcHoBHMUI MaTepian

HomaBaHHs 6i0KOMITOHEHTIB 4O TPagUIIiTHMX TalaMB CIIPUYIMHSE 3HAUHI
3MIHM B TIXHIX BJIACTVMBOCTSX, III0 OXOIUIIOIOTH €KOJIOTiUHi, TeXHIYHI Ta eKOHOMIUHI1
acriexT. Buxopucranus 5-7% OGioetanony (E5-E7) nemoncTpye 3HauHI ekosoriuni
IlepeBari: 3HVDKeHHS BUKuiB yagHoro rasy (CO) Ha 12-18% (3 2,1 1o 1,7-1,8 r/xm),
ckopoueHHs ByriesopgHeBux BukumiB (HC) ma 9-15%, a TakokX MOXIIMBe
3MeHIIIeHHs BUKMAIB TBepamx dacTHOK Ha 10-30% 3asieXXHO Bim THIy Ta cTaHy
asuryHa. OJHOYAcHO CIIOCTepira€Tbcsl IMOKpallleHHsd [eTOHAIiMHOI CTIilIKOCTi 3
MiABUIIEHHSIM OKTaHOBOrO umciia Ha 2-3 myHKTH (o 93-95 RON), mro mokparitye
edexTUBHICTE POOOTH IBUTYHA.

g nusenpHux naymvB 3 7% Oiommsermto (B7) edekT € mie Oimbim
BUpPa’kKeHVIM: 3MeHITIeHHs BUKMiB caxi Ha 22-27%, CO Ha 10-15%, HC Ha 15-20% Ta
okcmais cipku (SOy) Ha 8-12%. BaxmmBoro IlepeBaroo € INABUIIEHHS I[e€TaHOBOTO
umcrta go 52-54, mo 3abesmnedye OUTBINI TIOBHe 3ropaHHS IaJIBa Ta 3HWIKYE
yTBOpeHHs caxi. Lli moxasHmMkm ocoOnmMBO aKTyasibHi IS MICBKMX YMOB, [ie
rpobJieMa 3a0pyIHEHHS IIOBITPs CTOITH 0COOIIMBO rOCTPO.
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TexHiuyHi acrleKTV BUKOPWCTAHHS Oiomamme  BKIIOYAIOTH  IT€BHI
KoMIIpoMicu. Yepe3 HIKUy eHeprorycTMHy OiOKOMITOHeHTiB (OGioeTaHOI Mae Ha
34% meHIy eHepriro Ha oguHMINIO 00'eMy, Giogmsens - Ha 8-11%) criocrepiraeTbes
3pocTaHHsS BUTpaTv HanmBa Ha 1,5-2,5%. g OusenpHMX TaIMB 3MIHIOETHCS
TeMrepaTypa dinpTpyBaHocTi: B7 mae mokasHuk -18°C mpotu -22°C y umcToro
OM3eTo, IO MOXe BUMAaraTyu AOHATKOBMX 3aXOHiB y XOJOOHY IIOpPY POKY.
Koposinza axTuBHicTE 3poctae Ha 15-20% mpm Bwmicti Gioetamosy momam 10%,
0COOJIVIBO OO0 A/IIOMIHIEBMX Ta MIIHMX €JIeMEeHTIB HaJIMBHOI CUCTEeMI. BaXximBo
Bifm3HaumTy, 10 BUKopucTraHHsa E10 y mesaxmx OBUTyHaX CTaporo IIOKOJIHHS MOXe
30uIbITY BUKma NOy Ha 2-5%.

ExoHOMIiUHi acmieKTn BKJIIOYAIOTh 3POCTaHHS cobiBapTOCTi maymBa: Ha 3-
5% ma E5 (3ammexxHo Bim I1iH Ha 3epHO) Ta Ha 5-8% mia B7 (3ayiexHo Bif IIiH Ha
pocrmEHI  oii). MonepHisamis HadromepepoOHMX 3aBOMiB I BUPOOHMIITBA
Gionasms Mae TepMiH OKyIIHOCTI 4-7 pOKiB, ajle MOXe 3a0e3leunTy 3MEeHIIEHHS
iMmmopty HadronponykTis Ha 12-15% mpu 10% BwmicTi OiokoMrionenTiB. CBiToBUI
IOCBiA TIOKasye 3HauHi ycmixm: y bpaswiil, migepi 3 BukopucragHsg b6ioeTaHOIy,
VIOTO YacTKa B OeH3MHOBOMY HayIMBHOMY OastaHci craHOBUTH IToHam 50%, a B €C

IIIOTh IIPOTrpaMy 00OB'sI3KOBOTO HOIaBaHHs 010KOMITOHEHTIB /10 TIaIuB.

Exosoriuni nepeparn Gionasms € 3sHauHmMMM: E5 3MeHIye ByIyierieBui
orig Ha 18-22%, a OGiommsens - Ha 45-78% 3ayieXXHO Bif BUMKOPMCTAHOI CUPOBUHIL
Buxman mapHmMKOBMX rasis 3HWKyOTbca Ha 1,2-1,5 T CO2-exB./pik Ha ommH
aBromMoOine (mms E5). IlpomykTwBHICTE cupoBMHM Bpaxae: 1 ra pimaky mis
Giommsemo 3amintoe 2,8-3,2 T HadTompoayKTiB, a 1 ra IIyKpoBOI TPOCTMHM A
eTaHOJIy MoXe 3aMmiHuTu A0 7 T Had™! B ekBiBasteHTi CO2. 3arasibHe 3HVDKEHHS
BUKI/IiB TapHMKOBMX ra3iB Bif, 6iomaams MpOTSATOM XXUTTEBOTO IIVKITy MOXKE CATaTH

50-90%, 1110 POOUTE X BaAXKIMBMM iHCTpyMeHTOM y 00poTh0i 3i 3MiHOIO KiIiMaTy.

BripoBaypkeHHsI GiOKOMIIOHEHTIB BMMarae 30aJIaHCOBAHOTO IIi/IXOMY.
OnTnMaribHMM TTodaTKOBMM piBHeM € 7-10% BMicTy, IO A03BOJISE IIO€MHATH
eKOJIOTiUHi IepeBaru 3 TEXHIUYHVIMM MOXJIMBOCTSIMM iCHYIOUOI iHpacTpyKTypu.
INopmarneie 30UIBIIEHHST YAacTKM 3aJIEXWUTH Bifl PO3BUTKY TEXHOJIOTIV, ajarTariii

IOBUT'YHIB Ta HaJIMBHMX CUCTeM, a TaKOX Bill AeprKaBHOI HiITPUMKA.
BucHOBKM

ITpoBepenunt aHasis BIUIMBY OiOKOMIIOHEHTIB Ha HaJIMBHI BJIaCTMBOCTIL
ZIIeMOHCTPYe€ IX 3HaYHMI IOTeHIliajl y IIOKpallleHHi eKOJIOTiYHMX MOKa3HMKIB IIpu
30epeXXeHHI  OCHOBHUX  €KCIUIyaTallilHMX  XapakKTepucTukK. OnTuMarbHUM
pillIeHHSIM € TMOCTyIIOBe BIIPOBa/DKeHH: MaJMBHMUX CyMillelm 3 BMICTOM
biokomrmioHeHTiB 7-10%, 110 IO3BOJISIE JOCSTTHU IIOMITHOTO €KOJIOTiYHOTO edpeKTy Oe3

CYTTEBUIX 3MiH y poOOTi IBUTYHIB Ta MaJIMBHOI iIHPPACTPYKTyPH.
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Introduction

The constant growth of energy demand in the world, as well as the desire
to decarbonize electricity production, necessitates the search for new,
environmentally friendly renewable energy sources. One of the promising areas for
the development of renewable energy sources is the use of hydrogen as an
alternative fuel. Hydrogen is an environment-friendly source of energy, since
during its combustion or fuel cells use the only byproduct is water steam. In
addition, hydrogen has found application in heat exchange systems, in particular as
an effective cooling medium in power plants, such as turbogenerators. In its pure
form, hydrogen has a thermal conductivity of about 0.18 W/(m K) under normal
conditions (20°C). This value is an order of magnitude higher than that of an air
(0.025 W/ (m K)).

Main material

The widespread use of hydrogen in practice rises a number of technical and
safety problems. The hydrogen gas consists of H> molecules, each of which consists
of two hydrogen atoms bonded together. Hydrogen is the smallest molecule that
exists in the nature. This property of hydrogen, associated with its low molecular
weight and high molecular mobility, causes a high tendency to leak at joints and
seals, through even the smallest holes or cracks in gas-retaining materials, as well as
to the occurrence of diffusion leaks, which in turn lead to the accumulation of gas
on premises. The range of hydrogen concentrations in air sufficient for ignition is
quite large, from 4% to 75% by volume (for comparison, methane is flammable in
air only in a proportion of 4.4% to 17% by volume); its ignition energy is only 0.017
mJ, which is much lower than that of other fuels, such as gasoline or natural gas,
which is approximately 0.3 m] for methane/air or propane/air mixtures. An
important task is to detect and eliminate hydrogen leaks at the early stage, when
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the hydrogen concentration in the air is low. Detection and control is achieved by
using appropriate hydrogen leak control systems, which use various types of
sensors . One of such sensors is the TGS 821 hydrogen gas sensor manufactured by
Figaro Engineering. Fig. 1 shows a scheme for measuring hydrogen concentration
based on the use of the ESP32 microcontroller and the TGS 821 hydrogen sensor.
The TGS 821 sensor is defined by ease of use, high sensitivity and selectivity to
hydrogen, stable operation, resistance to environmental changes and the ability to
detect hydrogen concentrations from 50 ppm. The basic principle of the
measurement scheme shown in Fig. 1 is as follows: hydrogen molecules interact
with the surface of the TGS 821 sensor's sensitive element, reducing its resistance by
the gas concentration. As the hydrogen concentration decreases, the resistance
increases, it leads to a decrease in the output voltage. A change in the gas
concentration affects the sensor resistance and the output signal level, enabling the
determination of hydrogen presence and concentration. An additional resistor is
used to adjust the voltage level at the microcontroller input. The data received by
the ESP32 microcontroller is transmitted wirelessly to the processing and analysis
tools. The obtained measurements undergo preliminary filtering to eliminate noise
and anomalous values, after which calculations are performed to estimate the
hydrogen concentration.
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Figure 1. A scheme for measuring hydrogen concentration based on the use of the
ESP32 microcontroller and the TGS 821 hydrogen sensor

Conclusion

The data obtained in this way from the hydrogen concentration sensors at
various control and diagnostic points of the electrolysis plant can be used to
monitor the presence of hydrogen in the air of the premises where the electrolysis
plants are located, or with the appropriate location of the sensors, they can be used
to monitor the stability of the electrolysis process, the efficiency of the separation of
hydrogen from oxygen. The control and diagnostic parameters determined in this
way allow us to determine possible deviations that may indicate a decrease in gas
purity or the need to adjust the electrolysis parameters, or need to carry out
maintenance and repair work on the electrolysis plants.
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Intrduction

Given the growing attention to carbon neutrality, chemical processing of
plastics through pyrolysis can play a key role in the transition to a more sustainable
energy structure. However, it is important to consider that excessive extraction of
gaseous products is undesirable due to the complexity of their transportation and
storage. In addition, chemical processing, in particular catalytic pyrolysis, allows
obtaining liquid products that can be used as fuel or raw materials for the
production of new polymers. However, for commercial application, these products
require further purification and modification. Despite significant interest in this
technology, there is a lack of research on the further use of the obtained liquid and
gaseous products on an industrial scale.

Main Material

Pyrolysis and other chemical methods for recycling plastic waste have the
potential not only to reduce the environmental burden, but also to contribute to the
development of sustainable energy and material flows. In the future, the
improvement of these technologies may contribute to their widespread industrial
implementation, which will allow turning plastic waste into a valuable resource for
the global economy.

Thermal pyrolysis, also known as non-catalytic, occurs by heating plastic
waste to high temperatures without the use of catalysts. Different types of polymers
require different temperature regimes. For example, polystyrene (PS) decomposes
at lower temperatures compared to polyethylenes (HDPE, LDPE) and
polypropylene (PP). Polyethylene without a catalyst is prone to the formation of
waxy products instead of liquid fuel.

Catalytic pyrolysis involves the use of catalysts that allow reducing the
operating temperatures of the process, reducing the reaction time, and improving
the quality of the final products. The use of catalysts contributes to the production
of lighter hydrocarbons, which facilitates further purification and use of the
resulting fuel. The most common catalysts used include zeolites (HZSM-5, ZSM-5),
metal oxides (Cu-Al;Os, Fe;Os), basic zeolites (NZ), metal hydroxides (Al(OH)s,
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Ca(OH)2), and industrial wastes such as red mud. Catalysts affect the size and
structure of the hydrocarbons formed, reducing their length and increasing the
proportion of gaseous products

High- and low-density polyethylene (HDPE, LDPE) demonstrate high
yields of liquid hydrocarbons due to their high volatile matter content and low ash
content. In thermal cracking, the main product is wax, but under conditions of
elevated temperature above 500°C and increased residence time, this wax
decomposes to lighter hydrocarbons. The use of catalysts, such as NiO, allows to
increase the yield of monoaromatic and isomerized hydrocarbons, which expands
the possibilities of application of the obtained product. Polyvinyl chloride (PVC) is
one of the most difficult plastics for pyrolysis due to the chlorine content, which
leads to the formation of toxic organochlorine compounds. For effective conversion
of PVC, preliminary dechlorination or the use of special catalysts, such as red mud
(Fe203, Al:O3, TiO3), is necessary, which reduce the chlorine content in the final
product. Polypropylene (PP) exhibits higher cracking activity than polyethylene,
which is associated with its structural features. The yield of aromatic hydrocarbons
during pyrolysis of PP is significantly higher compared to other polyolefins, which
makes it a promising material for obtaining high-octane fuel components.

Temperature is one of the determining parameters of the pyrolysis
process. Researches show that when the temperature increases from 400°C to 550°C,
the yield of the liquid phase increases, however, when exceeding 600°C, active gas
formation begins, which can reduce the amount of valuable liquid fuel. The optimal
temperature range for pyrolysis of polyolefins is 500-550°C, while for PET
additional catalysts may be required to improve the yield of liquid products. The
residence time of the material in the reaction chamber also plays a significant role.
For example, for HDPE, increasing the residence time in a fluidized bed reactor
from 0.8 s to 1.5 s results in a decrease in wax yield and an increase in the
proportion of light hydrocarbons. Catalysts can significantly improve the quality of
the resulting products. The use of acid catalysts, such as ZSM-5, promotes the
formation of aromatic hydrocarbons, while metal oxide catalysts (CaO, ZnO, MgO)
reduce the amount of unwanted by-products. For PVC, dechlorination is an
important step, which can be carried out by the combined use of low-temperature
cracking and further processing with the participation of various combinations of
catalysts.

Conclusion

The research highlights the advantages of catalytic pyrolysis over thermal
pyrolysis, emphasizing the role of catalysts in improving product quality and
reducing energy consumption. Furthermore, challenges such as the complexity of
waste sorting, the need for process optimization, and the environmental impact of
by-products are discussed. The research underscores the potential of pyrolysis in
achieving sustainable waste management and contributing to a circular economy.
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Introduction

Low-altitude flights by rescue helicopters, sport planes, and drones are
increasingly common. Nevertheless, pilots still struggle to see thin powerline
conductors, especially at dusk, in complex terrain or where lines are missing from
navigation charts. Recent Slovak and international accidents underscore the risk, as
seen in the 2015 HEMS helicopter fatal crash in Slovak Paradise, a fatal crash of the
Robinson R44 strike near Presov, and a 2020 Philippine police-helicopter incident,
all of which involved unseen wires and resulted in fatalities and significant
infrastructure damage. Conventional electromagnetic "wire-strike" detectors are
only effective when a power line is powered ("alive") and are inconvenient for
fixed-wing aircraft or UAVs. A universal, low-cost, vision-based warning concept is
thus crucial.

Deep-Learning Approach - low-cost solution

A convolutional neural network (CNN) was selected to recognise
overhead powerlines in real-time camera imagery. The authors adopted VGG-16
(Figure 1.) because of its proven classification accuracy and clear transfer-learning
pathway. The network comprises an input layer accepting 224x224x3 RGB images,
thirteen convolutional layers, five max-pool layers and three dense layers, with the
output mapping three operational states:

Safe - adequate clearance;
Caution - proximity warning;

Danger - imminent collision risk.
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Figure 1. Used CNN VGG-16 architecture

Data Collection and Pre-processing

A bespoke image set of 6,000 photos was assembled from: public internet
repositories, utility-company inspections, helicopter flyovers and pedestrian
surveys between Kosice and PreSov, and seasonal coverage (spring, summer,
autumn, winter). Images were resized, augmented, and split into 4,000/2,000 for
training and validation. The linear geometry, specular highlights and occasional
marker spheres on conductors aided feature extraction.

Training Results

The training exceeded 432 hours on a GPU workstation, but the validated
model achieved an overall accuracy of 94.2%, far surpassing the typical 70% for
competing visual methods. A confusion matrix confirmed high true-positive rates
in all three classes, indicating reliable pilot alerts with minimal false alarms.

Flight Verification

The algorithm was initially embedded in synthetic-environment UAV
missions and later in a lightweight helicopter. Live tests near uncharted Slovak
powerline corridors demonstrated precise, timely audio/visual cues without extra
payload —only a standard forward-looking camera and an onboard processor.
Implementation costs are, therefore, marginal for most rotorcraft, sport planes, and
multirotor drones already equipped with cameras.

Conclusions

A camera-based CNN offers a practical, aircraft-agnostic safeguard
against powerline collisions. Unlike electromagnetic detectors, it also warns for
deenergised lines and suits fixed-wing, rotary-wing and unmanned platforms. The
prototype's 94% accuracy translates directly into a lower fatal accident probability
and substantial savings for both operators and grid owners. Ongoing work will
integrate the module into HEMS support drones, with phased adoption on sport
aircraft and light helicopters once long-term field tests are complete.
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Introduction

This study focuses on creating biodegradable medical mask fabric using
polylactic acid (PLA) to address environmental pollution caused by disposable
masks. Disposable masks from non-biodegradable plastics (e.g. polyethylene,
polypropylene) contribute to long-term waste accumulation, while PLA offers a
sustainable alternative due to its biodegradability and ecological safety. The
research aims to optimize the production of a PLA-based filter material by
determining ideal parameters such as solution concentration, spray distance, and
fiber density.

The ultimate goal is to develop eco-friendly masks that maintain medical
functionality. The solution blow spinning method (SBS) was used to create samples.
Initially, a series of samples were created on glass slides for further process
optimization; after, medical gauze was used for spraying as a substrate. The
samples were analyzed using optical microscopy and tested under UV radiation.
The research successfully optimized the parameters for producing PLA-based fibers
using the Solution Blow Spinning (SBS) method.

Main material

The material was developed using the Solution Blow Spinning (SBS)
method, which enables the production of fine, uniform PLA fibers with a high
surface area—crucial for effective filtration. SBS was chosen over electrospinning
due to its higher production efficiency, lower energy consumption, and better
scalability for medical mask manufacturing. Key parameters such as PLA solution
concentration and spray distance were optimized through systematic experiments
on both glass slides and medical gauze, allowing for controlled fiber distribution
and real-world application testing.
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The resulting fiber morphology — pore size, distribution uniformity, and
thickness—was analyzed using optical microscopy and density calculations.
Additionally, the UV resistance and biodegradability of the samples were evaluated
under controlled UV exposure. Lower-density samples showed significant
degradation after just 30 minutes (~1.5 days of sun), with near-complete breakdown
after 120 minutes (=6 days), demonstrating the material’s potential for eco-friendly
medical use.

Conclusions

As a result of the research, a full-size prototype of a biodegradable
medical mask coated with PLA was developed. The density and average pore size
of the material match existing commercially available products. UV exposure tests
confirmed that the material meets modern biodegradability standards, making it
suitable for environmentally friendly applications.

Experimental findings showed that a spray distance of 20 cm using a 10%
PLA solution produces a uniform and homogeneous coating on gauze. It was also
determined that fiber density significantly influences the degradation rate —lower-
density fibers decompose faster under natural conditions.
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