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Pedepar/aHoTanis:

1. Incepraniiina po60Ta IpUCBIYEHa PO3pOOJIEHHIO MEeTOAY NifBuieHHs edekTuBHOCTI ekciuyaTauii CEY (CEY)
LJISIXOM OOI'PYHTYBaHHS IOLJIbHOCTI BIPOBAIPKEHHS Ta BUOOPY palliOHAJIbHUX IapaMeTpiB yCTAHOBKM HA OCHOBI
opraHiuHoro nukiny Penkina (OLIP) nys yrusizalii TeioTH 0X0JI04KeHHS TOJIOBHOTO YOTUPUTAKTHOTO JIBUTYHA 3
ypaxyBaHHSIM KOHirypatlii LUKy, pobo4oro Tina, peXkXumiB poOOTH ABUTYHA, TEMIIEPATyPyY 3a00PTHOI BOJH, TUITY
CyJlHa Ta OOMEXXEHHS BCTAHOBJIEHOI IOTYKHOCTI. AKTYyaJIbHICTh TEMU 3yMOBJIEHA BUMOTraMHU [I0 JeKapOoHizarii
MOPCBKOTO TPAHCIIOPTY Ta HEOOXiAHICTIO 3MEHIIEHHS CIIOKMBAHHS CyJHOBOTO NanuBa 6e3 paankanbHoi 3minu CEY.
Y nepmomy po3zisi IpoaHasi3oBaHO Cy4aCHUM CTaH 3aCTOCYBAHHS CUCTEM YTUJIi3allii BTOPMHHOI TEIJIOTH
CyJHOBUX ABUTYHIB Ha 0cHOBI OLIP, BuMoru IMO Ta €BpONENCHKUX PETYAATOPHUX iHCTPYMEHTIB. [TokasaHo, 1110
nigBuieHHs eHeproedeKTuBHOCTI CEY € peasicTUYHUM IJISIXOM CKOPOYEHHS! BUKU]IiB IADHUKOBUX ra3iB.

BcTaHOoBIIEHO, 110 yCTaHOBKY Ha 0cHOBI OLIP edeKkTHBHI /1715 IepeTBOPEHHSI HU3bKOIIOTEHLIMHOI TEeIJIOTH,



NIOYMHAIuM Npu6n3HO Bif 70 °C, y KOPUCHY €JIEKTPUYHY €HEPTilo, a 1J151 YOTUPUTAKTHUX ABUTYHIB ixX
3aCTOCYBaHHS € OCOOJIMBO [IOLIIbBHUM Yepe3 3HaYHi BTpaT TEIJIOTH 3 0XO0JIOIKYBaJIbHOIO BOZO0. [IpakTuyHi
npuknagyu cygHoBux OLIP cBimyaTh po NOTeHLias 3HWKEeHHS BUTPaTy NajuBa Ha piBHI 3-15 %. V npyromy pospini
OOI'PYHTOBAHO BUO6ip 00’€KTIB JOCIIPKEHHS], BXiIHUX JAHUX | METOIMKY aHasizy. Ba3oBUM 06’'€eKTOM 06paHO
YOTUPUTAKTHUI CyqHOBUIA ABUrYH Wartsild 12V46F notyxksicTio 14400 kBT. Po3ryisiHyTO #10ro TenyuoBuil 6anaHc,
MOTEHIIiaJl BAKOPUCTAHHS TEIJIOTY OXOJIOIKYyBaJIbHOI BOAM Ta YMOBU iHTEerpaii yctaHoBKM Ha OcHOBi OLIP. fIk
npororut nigiopaso Climeon HeatPower 300 Marine HomiHanbpHOW0O noTy>XHicTio 300 KBT. Po3po6sieHo
MaTeMaTU4HY MOZEJIb OL[iHKA TEPMOAVHAMIYHNX, EHEPIEeTUYHUX Ta €KOJIOTITYHUX XapaKTEPUCTUK YCTAHOBKU. Y
TPETbOMY PO31iJii BAKOHAaHO TEPMOJUHAMIYHNN Ta €eHEPTETUYHMI aHaJli3 YyCTaHOBKY Ha OCHOBI OLIP ns yrumisanii
TEIJIOTU OXOJIOKEeHHs nBuryHa Wartsila 12V46F. JlocaigpkeHo LMKII 3 BHYTPIIIHbOIO pereHepallieio TeIjioTH Ta 6e3
Hel, a TaKOXX 4OTMpH poboui Tina. [TokasaHo, 10 pereHepaTrMBHa KOHPirypartis 3adbesnedye Bully e(eKTUBHICTb:
nepeBara CTaHOBUTD Bif, 9,8 % NpU HU3bKUX TeMIIepaTypax 3a00pTHOI BoAU 10 6,4 % Npy BUCOKUX. BcTaHOBIIEHO,
10 TIeHTaH 3a0e3leyye HalBUIy eHepreTUYHy e(eKTUBHICTb: Horo nepesara Hag R245fa, R134a Ta R1233zd(E)
nocsirae 14 % 3a nosHUM KK]I ycTaHOBKY, 30KpeMa 3aBASIKM MEHIIMM BUTPaTaM €HePrii Ha pobOoTy KUBUIJIBHOTO
Hacoca. Y 4eTBEPTOMY PO3[iJli JOCIiIKEeHO BIJIMB 3MiHHUX €KCIUTyaTaliliHuX (PaKTOPiB Ha XapaKTE€PUCTUKU
CyZIHOBOI ycTaHOBKM Ha ocHOBi OLIP Ta ouiHeHoO ii piuHy epeKTUBHICTb 1J1s1 pi3HUX TUIIIB cyneH. [TokasaHo, 110
TeMIliepaTypa 3a60pTHOi BOM € JOMiHyI0UUM (PAaKTOPOM, SIKUI BU3HAYA€ €HEPreTUYHY Ta €KOJIOrIYHY e(PEKTHUBHICTh
YCTaHOBKHU i epeBUllye 3a BIIJIMBOM HAaBaHTAaXXEHHS JBUTYHA, TUIl poO0YOro Tijla Ta KOHirypauito nukiy. Piuna
€KOHOMis nanusa Bif ycraHoBku OLIP notyxksicTio 300 kBT y napi 3 gBurynom Wartsild 12V46F craHoBuTb 72-204 T
HFO Ha piK, a ouikyBaHe ckopoueHHs BukuiB CO2 — 224-635 T CO2. [Ins Bcix TUMiB CcyJieH epeKT CTaHOBUTh
2,8-4,2 % 3HmxeHHs emicii CO2 Bif, po60TH rosI0BHOTrO JBUryHa. HayKoBa HOBU3HA NOJIATa€e y po3po0JIeHH] Higxomy
IO OLiHKU OOLJIbHOCTI BIIPOBAIPKEHHS CyJHOBMX YCTAaHOBOK Ha 0CHOBi OIIP, sikuii BpaxoBye KOHQIrypalilo LUKy,
poboue Tisno, piYHUI pPO3NOLia HABAHTAKEHHS IBUTYHA, TEMIIEPATYpy 3a00PTHOI BOAM, TUII CyLHA Ta OOME>KEHHS
BCTAHOBJIEHOI IIOTYKHOCTI. Y1iepliie O6I'PyHTOBAaHO JOMIHYIOUMI BIIUB TEMIIEPATyPU 3a00PTHOI BOAU, AOLINIbHICTD
BMKOPHMCTAHHS IEHTaHY Ta MiAXiA 70 BUOOpY paliOHalIbHOI BCTAHOBJIEHOI IOTY>KHOCTI YCTAaHOBKU 33 PEAJIbHUMU
YMOBaMM eKCIulyarauii cygHa. IIpakTuyHe 3Ha4eHHs [10JIAra€e y MOKJIMBOCTI BUKOPUCTAaHHS PE3YJIbTATIB IIif Yac
IIPOEKTYBAHHS Ta MOJEPHIi3alii cucrem yTuiisanii Ternnoty. Kio4oBsi cj0Ba: MOPCHKUN TPAHCIIOPT, CYJHOBUI
IV3€JIbHUI IBUTYH, CyAHOBA €HEPreTUYHA YCTAaHOBKA, yTUJIi3allis TEIJIOTH, CKUIHA TEIJIOTa, OPTraHiuHMI LUK
Penkina (OLIP), TepMogHaMidyHUI aHai3, eHEProeEeKTUBHICTh, EKOHOMIS MTaJINBa, €KOJIOTIYHUI iHAUKATOP, EMICis

MAapHUKOBUX Tra3iB, pob0Ye Tijio, FeHepallisl eIeKTPOoeHePrii, JekapboHizarlris

2. The dissertation is devoted to the development of a method for improving the operational efficiency of a ship
power plant (SPP) by substantiating the feasibility and determining rational parameters of an organic Rankine cycle
(ORC) system for recovering cooling heat from a main four-stroke engine. The study takes into account cycle
configuration, working fluid, real engine operating conditions, seawater temperature, ship type, and installed
capacity limitation. The relevance of the research is determined by the current requirements for maritime
transport decarbonization and the need to reduce ship fuel consumption without radical modification of the SPP.
The first chapter analyzes the current state of ORC-based waste heat recovery systems for marine engines, as well
as IMO requirements and modern European regulatory instruments. It is shown that improving the energy
efficiency of SPPs is one of the most realistic ways to reduce greenhouse gas emissions in the short and medium
term. The position of ORC systems among other waste heat recovery technologies is considered. It is established
that ORC systems are effective for converting low-grade waste heat, starting from approximately 70 °C, into useful
electrical energy where conventional steam cycles are inefficient. It is also shown that ORC implementation is
more feasible for four-stroke engines than for two-stroke engines due to higher heat losses with cooling water.
Practical examples of marine ORC installations demonstrate fuel saving potential of 3-15%. The second chapter
substantiates the selection of research objects, input data, and analysis methodology. The Wértsild 12V46F four-
stroke marine engine with a power output of 14,400 kW is selected as a representative object for medium-speed
main engines installed on various ship types. Its heat balance, cooling heat recovery potential, and ORC integration
conditions are analyzed. The Climeon HeatPower 300 Marine ORC unit with a nominal output of 300 kW is



selected as a prototype. A mathematical model is developed for evaluating thermodynamic, energy, and
environmental performance of a marine ORC system under variable operating conditions. The third chapter
presents a thermodynamic and energy analysis of the ORC system for recovering cooling heat from the Wartsild
12V46F engine. Two cycle configurations are investigated: with and without internal heat regeneration, as well as
four working fluids. It is shown that the regenerative configuration is more rational, providing higher efficiency
than the non-regenerative one: the advantage ranges from 9.8% at low seawater temperatures to 6.4% at high
temperatures. A comparison of working fluids shows that pentane provides the highest energy efficiency among
the considered options. Its advantage over R245fa, R134a, and R1233zd(E) reaches up to 14% in terms of overall
system efficiency, mainly due to lower auxiliary power consumption, particularly for the feed pump. The fourth
chapter investigates the influence of variable operating conditions on ORC system performance and evaluates
annual efficiency for different ship types. The effects of engine load, seawater temperature, and installed capacity
limitation on net power output, overall efficiency, annual electricity generation, fuel savings, and COn emission
reduction are analyzed. It is shown that seawater temperature has the most significant impact on energy and
environmental performance, exceeding the influence of engine load, working fluid type, and cycle configuration.
Annual fuel savings from a 300 kW ORC system paired with the Wértsila 12V46F engine range from 72 to 204
tonnes of HFO, depending on ship type, load profile, and climatic conditions. The expected annual COn emission
reduction is approximately 224-635 tonnes, while the relative reduction in COn emissions from main engine
operation is 2.8-4.2%. The scientific novelty consists in developing an approach for evaluating the feasibility of
marine ORC systems, which simultaneously accounts for cycle configuration, working fluid, annual engine load
distribution, seawater temperature, ship type, and installed capacity limitation. For the first time, seawater
temperature is established as the dominant factor determining the energy and environmental performance of
marine ORC systems. The use of pentane as a working fluid and the approach for selecting rational installed
capacity based on real operating conditions are substantiated. The practical significance lies in the applicability of
the results for the design, modernization, and techno-economic assessment of marine ORC-based waste heat
recovery systems. Keywords: maritime transport, marine diesel engine, ship power plant, waste heat recovery,
rejected heat, Organic Rankine Cycle (ORC), thermodynamic analysis, energy efficiency, fuel savings,
environmental indicator, greenhouse gas emissions, working fluid, electricity generation, decarbonization
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