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AHHoTanus: B npesncraBienHoi paboTe MPOBEAEHO TEXHUKO-YKOHOMHUYECKOe 0O0OCHOBAaHUE CO3IaHU A
COBPEMEHHOIO TPOM3BOJCTBA IO BBITYCKY COKMKEHHBIX YIIEBOAOPOAHBbIX ra3oB (CYI) m cxKuXKEHHOro
npupogunoro raza (CIII') ma 6a3e momHocTedt MuHHHMOaeBCKOro razomepepabarsiBaromero 3aBoga [TAO
«TatHedTh». AKTyambHOCTh HCCIeNOBaHUSA OOYyCIOBJIEHa HEOOXOJMMOCTBI0 TIIyOOKOH TepepaboTKu
nomytHoro HedTsHoro rasza (IIHI), amBepcumdukanmuu NPOAYKIHH K TIOBBILIEHUS 3KOHOMHUYECKOM
3¢ (GEKTUBHOCTH B YCIOBHSIX YKECTOUEHHSI SKOJIOTHYECKUX HOPM U OCBOCHHSI TPYIHOM3BIICKAEMBIX 3aI1acoB.
YcTaHOBJIEHA TEXHOJIOTHYECKAs OCYIIECTBHMOCTh IPOEKTa Ha OCHOBE PEKOHCTPYKIUHU [eHCTBYIOIMIEH
KPHOT€HHOHW yCTaHOBKH, YTO IO3BOJSIET COKPaTHTh KamuTanbpHblE 3aTparbl Ha 30-50% 1o cpaBHEHHIO CO
CTPOWUTENBCTBOM «C HYJS»; B KauyeCTBE ONTHMAIbHOM TEXHOJOTHH CHXXWXEHHS OOOCHOBaH ILHKI CO
CMelIaHHbIM XJagareHToM (SMR). DxoHoMHYeckas OlLeHKa IM0Ka3ajda pacueTHbIM CPOK OKyMmaeMocTu 5—8 neT
TIPH BBITYCKE BBICOKOMapXKMHAIBHBIX MpoaykToB (CIII' mms razomoropHoro TtorumBa, CYI, ToBapHBIA
renuii). OnpeneneH CyImecTBEHHBINH dKoI0THYeCKUi 3 (PEeKT: MPaKTUUECKH MOJHOE MPEKpaIeHUe COKUTAHU S
[THI Ha daxenax u CHHXeHHE BEIOPOCOB 3arps3HSIONINX BemlecTB rpH ucronb3oBannu CIII™ B kauecTse Ooree
YUCTOr0 TOIUIMBA. [IpakTHdyeckas 3HAUMMOCTb paOOTHl 3aKiIoyaeTcs B  pa3paboTke TOTOBOIO
koHIenTyansHoro pemenus st [IAO «TatHeQTs».

Abstract: This paper provides a technical and economic feasibility study for creating a modem facility for
the production of liquefied petroleum gases (LPG) and liquefied natural gas (LNG) based on the capacities of the
Minnibayevsky Gas Processing Plant of PJSC Tatneft. The relevance of the study is determined by the need for
deep processing ofassociated petroleum gas (APG), product diversification and increased economic efficiency amid
tightening environmental regulations and the development of hard-to-recover reserves. The technological feasibility
of the project based on the reconstruction of the existing cryogenic unit has been established, which makes it
possible to reduce capital costs by 30-50% compared to greenfield construction; a mixed refrigerant cycle (SMR)
has been substantiated as the optimal liquefaction technology. The economic assessment showed a calculated
payback period of 5-8 years for the production of high-margin products (LNG for gas motor fuel, LPG, commercial
helium). A significant environmental effect has been determined: an almost complete cessation of APG flaring and
a reduction in pollutant emissions when using LNG as a cleaner fuel.

Kioueblie cioBa: nomyTHbI HedTsaHoH ra3 (ITHI); cxwxennsiii npupoansii ra3 (CIID); cxmkenHbIe
yrneBopoponuble ra3pl (CYID); Munnubaeckuit ITI3; IIAO «TarHedTs»; r1imyOoKas mepepaboTKa;
PEKOHCTPYKIIUS; TEXHUKO-9KOHOMUYECKoe 000cHOBaHue; ManoMaciitabnoe LNG.

Keywords: associated petroleum gas (APG); liquefied natural gas (LNG); liquefied petroleum gases
(LPG); Minnibayevsky gas processing plant; PJSC Tatneft; deep processing; reconstruction; feasibility study;
small-scale LNG.

MarepuaJibl 1 METOIBI

BrIOpocsl TapHUKOBBIX Ta30B, MApPHUKOBBIA 3(QQEKT, aTiac SKOJIOTHYECKOTO cjela, pacueT
YIJIEPOAHOTO Clie/ia, IO0AIBHBINA TeKTap, CKUTaHHe HCKOMaeMoro ToruBa. O0beM OMONPOIYKTHBHOTO Jieca,
CIOCOOHOCTBIO CIIPABIIATECS € TEKYIIUMH YpOBHsSMH BbIOpocoB CO2, BHenpeHune OHMOTOIUIMBa, OanaHc
YIJIEKHCIIOTO Ta3a, CpaBHEHHE OMOTOILIMBA, NMPOM3BEICHHOTO W3 Pa3IMYHBIX HCTOYHHKOB, OHUOTOILIUBO
BTOPOTO U TPETHETO TOKOJICHUS. BUOATaHO, MOTY4YECHHBIN U3 IMTHOLEIUTIONO03bl. PacTuTeNbHBIE OTXOIBI (KaK,
HampuMmep, CTeOIM W JHCThI KyKypy3bl), OTXOHABI JAepeBOOOpadaThIBAIONICH MPOMBIIUIICHHOCTH (IIera,
OIMJIKH ) UJIM HEKOTOPhIe MHOTOJIETHHE TPaBbI (ITOJIOPOKHUK, MUIIIAHTYC U T.]I.), PACTYyI[UEe Ha TOYBE HU3KOTO
Ka4yecTBa, HE MPHUIOJHOW JUIi MHOTHX JPYTHX CEIbCKOXO3SMCTBEHHBIX IleNieid. BHoau3eNnbHOe TOIUMBO,
MoJly4aeMoe W3 BOJOpOCieH. AHaM3 >KM3HEHHOTO IMKJIa KOHKPETHOrO BUIa OWoTomiuBa. Bkiagsl B
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BBIOPOCHI, CBSI3aHHBIE C TPOU3BOJICTBOM U MCIIOIH30BAHHUEM TOILIHBA (IIEPHOT), & TAKIKE C IKOHOMUEH SHEpTun
(Esav) 3a cyerT HCHOIB30BaHHUS OHOTOIUIMBA. DKOHOMHS BBIOPOCOB IapHUKOBBIX TIa30B IMPH 3aMeHE
HCKOIIaeMOTO TOILIMBA.

Materials and methods

Greenhouse gas emissions, greenhouse effect, atlas of the ecological footprint, calculation of the carbon
footprint, global hectare, burning of fossil fuels. The volume of bio-productive forest, the ability to cope with
current levels of CO2 emissions, the introduction of biofuels, carbon dioxide balance, comparison of biofuels
produced from various sources, second and third generation biofuels. Bioethanol obtained from lignocellulose.
Plant waste (such as corn stalks and leaves), waste from the woodworking industry (wood chips, sawdust), or
some perennial grasses (plantain, michanthus, etc.) growing on low-quality soil unsuitable for many other
agricultural purposes. Biodiesel produced from algae. Life cycle analysis of a specific type of biofuel.
Contributions to emissions related to fuel production and use (period), as well as energy savings (Esav) through
the use of biofuels. Saving greenhouse gas emissions by replacing fossil fuels.

1. BBEJEHUE

DddexkTuBHOE HCHOIB30BaHKME MonyTHOro HedTsaHoro rasza (I[THI) Obuto M ocraercs omHON wu3
KJIFOYCBBIX 3a1ad I POCCHUCKOW He(dTera3oBod OTpacid, CTOSIICH Ha CTBIKE HSKOHOMHYECKOM
11€71€6CO00Pa3HOCTH, 3KOJOTMYECKON OTBETCTBEHHOCTH M TEXHOJIOTHYECKOro pasButusd. Hecmorps Ha
3HAUUTENbHBIM mporpecc B yrwimsauuu IIHI, coXpaHSIOTCS BBI3OBBI, CBSI3aHHBIE C OCBOEHUEM
TPYIHOU3BIECKAEMbIX 3aIlacoB, YIAJCHHOCTbIO MECTOPOXICHUI OT MarucTpalbHOH HHGPACTPYKTYphl H
HEO00XOIUMOCTBIO IUBEpCH(HKAINK MPOAYKTOBOTO MOPT(hEns KOMIAHWM I IOBBILEHUS AOOaBICHHOMN
cToUMOCTH [1]. B 3TOM KOHTEKCTE CO3AaHNE COBPEMEHHBIX MOIIHOCTEN 110 MPOU3BOACTBY CIKMIKECHHBIX Ta30B
— CKMKEHHBIX yIriieBogopoaHsix ra3oB (CYI) u cxxmxennoro npupoanoro rasza (CIII') — npeacrasister coboit
CTPaTeTMYeCKH BA)KHOC  HAmpaBlCHHE, [O3BOJIIOIIEE  TPaHC(OPMHUPOBATH  Ta30BBIH  NOTOK B
TpaHCIOpPTaOeNbHBIN, BOCTPEOOBAHHBIA Ha PHIHKE MPOAYKT [2].

Oco0y10 akTyaJbpHOCTh 3Ta 3a/1a4a MpHoOpeTaeT sl AaBHO pa3pabaThIBaEMbIX MECTOPOXKACHUM, TAKHX
Kak MectopoxkneHus: Pecny6mmku TatapcraH, rae obecnedeHne parioHaIbHOTO HEIPOIOIb30BaHNs TpedyeT
BHEIpPEHUsT HMHHOBaUMOHHBIX pemeHnid. [1IAO «TatHeQTb», SBISAACH OOHMM M3 JHACPOB OTPACIH,
ITOCTIeIOBATEIbHO peatn3yeT MOMUTHKY TIIyO0OKO# mepepaboTKH YIiaeBOJOPOAHOTO CHIPb. MUHHNOAaEeBCKUI
razonepepabareBaronnii 3aBox (MITI3), Bxomammii B coctaB YmpaBienus «TarHedrerazmepepaboTkay,
HCTOPHYECKH UTPAET KIII0YEBYIO poib B epepadorke [THI ¢ PomamikuHckoro u apyrux mectopoxxkaeHuit [3].
B nacrosimee Bpems Ha TpeQIpUATHH BeETCA akTHBHAs paboTa IO MOJIEpHU3AIlMH, HAIllpaBIEHHOW Ha
yBeJIMYEHHE NITyOUHBI TEpepadOTKH 1 PACIIMPEHHE aCCOPTHUMEHTA MPOAYKLIHUH, UYTO CO3AeT IPOUYHYIO OCHOBY
IUIs peanu3anuy 0ojee CIO0KHBIX TEXHOJOIMYECKUX IPOEKTOB [4].

OcHoBHbIe NOKa3aTean MunHu6aesckoro '3

Taxkum 00pa3oM, IENbI0 TaHHOW Hay4HO-HCCIEIO0BATEIbCKON paboThI SABISETCS pa3paboTKa TEXHUKO-
ASKOHOMHYECKOTO 000CHOBaHUS co3anus komriekca mo npons3BoactBy CYI u CIII" Ha 6a3e cyIecTBYOMMX
U TJIAaHUPYEMBIX MOIMHOCTeH MunHMOaeBckoro ['T13.

Jns  jmocTikeHMs  3TOW  mend B paboTe  TOCHENOBAaTENbHO — PEMIAIOTCS  CIEAYIOIIne
3aJauu:

1) aHamm3 coBpeMeHHBIX TexHomormii momyderns CYI wu CIII, Bxmo9as MHpPOBBIE TPEHIBI
ManoMacitabHoro npousBoiacTia (small-scale LNG);

2) BCECTOPOHHSAS OIIEHKAa TEKYIIEr0 COCTOSIHHSA, WHQPACTPyKTYypsl M CHIPbEBOTO ITOTEHIIHANa
Munuun6baesckoro I'TI3;

3) pa3paboTka U 060CHOBaHHE KOHLENTYAJIbHBIX TEXHOJIOTHYECKUX PEIIEHUH MO MHTErpaluu HOBOTO
MIPOU3BOICTBA B JIEHCTBYIONIYIO TEXHOJOTHUYECKYIO CXEMY IPEIIPUSITHS;

4) oreHKa 0KUAAaeMON 3KOHOMHUYECKOH 3(()EKTHUBHOCTH M IKOJIOTHYECKOro 3¢ ¢pexra OT peann3annuu
npoekta. OOBEKTOM HCCIENOBaHMSA BbICTymaeT MuHHHMOaeBCKMH rasomnepepadaTbiBaromuii 3asox ITAO
«TatHedTb», a MpeAMETOM — TEXHOJIOTHYECKHE M OPraHW3allMOHHBIE MPOIECCHI, CBA3AHHBIE C TITyOOKOM
nepepadoTkoit ITHI" ¢ moaydeHreM CKMKEHHBIX Ta30B.

50



Ilpupoonvie snepzonocumenu u y2nepoonsie mamepuanvl & Natural energy sources and carbon materials 01° 2026

Tab6auna 1 — OcHoBHBIE TOKa3aTesin MunHnOaesckoro I'TI3

IMoka3zaTtesnb XapakTtepuctuka / 3HaUYeHHE KommenTapuii
HcTtopuueckast MOLITHOCTh Bonee 630 mun M3 raza B rox (2006 r.) ba3zoBast Mo1HOCTE 1O IepepadoTKe
ITHT [3]
KintoueBoii aktus Kpuorennas ycranoska (Lex Ne2,2010r.) | OcHoBa 117151 riTyO0OKO#M niepepadoTKu

Y IIOTCHIIMAJIBHOTO HpOI/I3BOZ[CTBa
CIIT/CYT [4]

Texymmii TpeHx PexoHCTpyKIIMS M HapalUBaHUE IInaHbI IO yBETHYEHUIO
MOIITHOCTEH nepepabortku Ha 30—40% k 2030 1.
JI1s1 HOBBIX MPOEKTOB [4]
CripbeBas 6a3a ITHI" mecTtopoxnenuii TatapcTaHa, PocT pecypcHoii 6a3pl 3a cuET HOBBIX
BKJTIOYAs TPYAHON3BIEKAEMbIC 3aMachl MeTo10B pa3pabdboTku [1]

Tabmuma 1 — Main indicators of the Minnibayevsky Gas Processing Plant

IMTAO «Tarnedts» u Ynpasnenue «TatHedTeraznepepaboTka

ITAO «TarnedTs» — KpymnHelmas HedTssHAS KoMIaHus Poccun, KoTopast ocyIIecTBiIsIeT CBOIO paboTy
B cTaTyce MHTEIPUPOBAaHHBIX KoMmaHuil. Ha momo koMnanuii mpuxoautcs npuMepHo 8% Bceil 1o0bIBacMOi
Bceld Hetn B Poccum u OGompmiee 80% HedTn, paspabaTeiBaeMON M JOCTaBISEeMOW Ha TEPPUTOPHH
Tarapcrana.

[MTomumo mepepaboTku HedTH Kommanus ocyIIecTBISAET MepepaOdOTKy MOIMYTHOTO HEe(TSHOTO Tasa
(ITHT") na Munnu6aesckom I'TI3.

Pucynok 1 — I'azoBoe kpouto [TAO «TatHehTH»

DToT 3aBOA OTHOCHTCA K YmpaBieHuto «TaTHedTerasmepepaboTkay — MNPENNPUATHIO, KOTOPOE
3aHHMaeTcsi cOOpoM, TPaHCIOPTHPOBKOH 1 mepepadorkoit ITHI™ u mmpokux ¢pakmnii TErKUX yriieBog0poI0B
¢ 63-X JHIICH3HOHHBIX y4acTKOB M MecropoxneHuii [IAO «TatHedTh», a Takke MPOU3BOIUT BBHIPAOOTKY
(¢pakmuii CKIKEHHBIX Ta30B, OEH3WHOBBIX (pakiuii, 3TaHOBOW W MeETaHOBOH (pakmuii (cyxoro
OTOCH3WHEHHOTO Ta3a), TEXHUYECKOW cephl. B pamkax mepBOro »Tama MOJCPHH3AIMU M TEXHHUYECKOTO
nepeBoopyxenuss [TI3 3amnaHupoBaHbl pabOThI Ha YCTAHOBKE CEPOOYUCTKH C YBEIMYCHHUEM e€¢
MIPOU3BOANTENBHOCTH JIIsl IpréMa JONOTHUTENbHBIX 00heMoB ITHI'; Ha KoMIipeccopHO ycTaHOBKE CHIPOTO
rasza, 6JI0Ke OYHCTHBIX COOPYKCHHH.

OnHUM U3 KIIOYEBBIX IPOEKTOB JAHHOTO 3Tala CTajl0 CTPOUTEIBCTBO KPUOTEHHON YCTAHOBKM IO
rmyOoKkoil  mepepaboTke CyXxoro OTOSH3WHEHHOTO Tasa. [Ipom3BOAUTENFHOCTh YCTAaHOBKH IO CBHIPHIO
coctaBiseT 365 ThIC. TOHH B roj, nryOmHa otOopa sTaHoBo# (pakuuu - 91%. B 2015 romy BeIpaboTka
ATAaHOBOW (pakIuu Ha IpeanpusTuu cocrtaBmia 164,2 teic. ToHH, B 2016 Tomy oHa BwIpocia moutu m0 180
ThIC. TOHH.

BTopoil aTan peKoHCTpYyKUMU NPEeanpUsaTUs mianupyercsa 3asepiuieH B 2022 rogy. o aToro BpeMeHu
paboThl JOJKHBI OBITH TPOBEACHBI HA YCTAHOBKAX OCYIIKM M OYHCTKH Tra3a, HU3KOTEeMIIepaTypHOU
koHneHcaruu, [OY-2, T'dY-3000 u psge npyrux obObekToB. B wactHOCTH, Ha ['OY-2 mpeamomaraercs
HapacTHUTh MPOU3BOAUTEIHFHOCTh KOJIOHHBI OyTaHa.

Ha mocnemnem »sTame HayHeTCsl MOAEpHHU3aLMs pe3epByapHOoro mapka. COrflacHO Mpe3eHTAINH
KOMITaHUH, TIepcreKTHBHEIM "TaTHedTerasmepepadborka" s ceOs ompenenseT CTPOUTEIHCTBO YCTAaHOBKHU
BBIJICTICHUS TEIHSI TTPOU3BOIUTENLHOCTBIO 77,5 THIC. TOHH B TOJA M ycTaHOBKH nonyueHus: CIIIT MomrHOCTHIO
42 TBIC. TOHH B I'OJI.
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OAO TarnedTterasnepepadboTka sABIsETCS CTPYKTYpHBIM moxapaszneneHuem [IAO TaraedTs, KoTOpOE
3aHUMaeTcsl MepepabOTKOM MOMyTHOro He(TSHOro rasa M IMUPOKUX (PaKLUi JIETKOTO YIrIeBOJOpoda ¢
nonygerreM CY1', OeH3UHOBBIX (ppakiinii, STAHOBOH M METAaHOBOM (paKIMii, TEXHUYECKOH CEpPHI.

1. INTRODUCTION

The efficient use of associated petroleum gas (APG) remains one of the key tasks for the Russian oil
and gas industry, standing at the intersection of economic feasibility, environmental responsibility and
technological development. Despite significant progress in APG utilization, challenges persist related to the
development of hard-to-recover reserves, the remoteness of fields from trunk infrastructure and the need to
diversify product portfolios to increase added value [1]. In this context, the creation of modern facilities for
the production of liquefied gases — liquefied petroleum gases (LPG) and liquefied natural gas (LNG) — is a
strategically important direction that makes it possible to transform the gas stream into a transportable,
marketable product [2].

This task is particularly relevant for long-developed fields, such as the fields of the Republic of
Tatarstan, where rational subsurface management requires innovative solutions. PJSC Tatneft, one of the
industry leaders, consistently pursues a policy of deep hydrocarbon processing. The Minnibayevsky Gas
Processing Plant (MGPZ), part of the Tatneftegazpererabotka Administration, has historically played a key
role in processing APG from the Romashkino and other fields [3]. Currently, active modernization is underway
at the plant aimed at increasing processing depth and expanding the product range.

Thus, the aim of this research is to develop a feasibility study for creating an LPG and LNG production
complex based on the existing and planned capacities of the Minnibayevsky GPZ. The following tasks are
solved in sequence: 1) analysis of modern LPG and LNG production technologies, including small-scale LNG
trends; 2) a comprehensive assessment of the current state, infrastructure and feedstock potential of the
Minnibayevsky GPZ; 3) development and substantiation of conceptual technological solutions for integrating
the new production facility into the existing process scheme; 4) assessment of the expected economic
efficiency and environmental effect of the project. The object of the study is the Minnibayevsky Gas Processing
Plant of PJSC Tatneft; the subject is the technological and organizational processes associated with deep APG
processing to obtain liquefied gases.

2. OKCIHIEPUMEHTAJIBHASI YACTb

Texnosiorusi npousBoacTtea CYI' u CIIT" (Technologies of LPG and LNG production)

Kak Opuio ompemeneHo BO BBEIEHWHU, OCHOBHBIM CBHIPBEM JJISI CO3AAHHUSI HOBOTO IIPOM3BOJICTBA HA
Munnnbaesckom ITI3  sBngercs momyTtHbIi HedpTsHoH r1a3 (IIHI). Ero KoMIOHEHTHBIH coOCTaB,
BAPBUPYIOIIMICS B 3aBUCUMOCTU OT MECTOPOKACHUS, HANPAMYIO ONpeneisieT TEXHOJOTHYECKYIO LIETIOUYKY U
MTOTEHIMAIBHBIA aCCOPTUMEHT NpoAyKuuu. [ns mectopoknenuii Tatapcrana, muTaommux MuHHNOAaEeBCKHIA
['T13, xapakTepen [THI" ¢ oTHOCHTENEHO BEICOKUM COJIEPYKAHUEM TSDKENBIX yriieBogoponos (C3+), 9ro memaer
€ro EHHBIM CBHIPbEM HE TONBKO JUIS IOJIYYECHHS TOBAPHOTO METaHa, HO W JUIA MPOU3BOACTBA IIMPOKOU
¢pakuuu nerkux yriaesogoponoB (ILIDJIY) — ocuoBel mua CYI'[1, 5]. Ilocnme ynaneHus TOKEIBIX
KOMITOHEHTOB TIOJTy4aeTcsl OYMIICHHBINH (OTOCH3WHEHHBIH) Ta3, MPEHMYNIECTBEHHO METaHOBBIM, KOTOPBIH
CIIY)KUT UJCAIbHBIM ChIpbeM IS cxmkeHnus B CIIT [6].

[Iportecc MpoU3BOACTBA CKUKECHHBIX YIIIEBOJOPOTHBIX Ta3oB (CYI), OCHOBY KOTOPBIX COCTAaBIISIOT
IporaH u OyTaH, SBJIAETCS XOPOIIO OCBOSGHHBLIM 3TaroM B Ienu nepepadotku [THI'. KnroueBsiMu cramusmu
3/IeCh SIBJIIOTCS HU3KOTEMIepaTypHas cemapanus W peKTU(UKANHS, MO3BOJSIONINE BBIACTHTH IIEJEBYIO
(pakuuio u3 olIIero MoToka yriaeBoaopoaoB [7]. CoBpeMEeHHbIE YCTaHOBKHU, TaKW€ KaK KPUOTEHHBIC HIIU
a/IcopOIIMOHHBIE, 00€CIIEUNBAIOT BBICOKYIO CTEIICHb U3BJICUEHUS MTPONaH-0yTaHOBOW CMECH, YTO KPUTHUECKU
B&KHO JJIs1 SKOHOMHKH Tpoekta. CYT, Oyaydn CKMKEHHBIM 110/ CPAaBHUTEIHHO HEBHICOKHUM aBJICHUEM,
MIPEJICTaBIIAET COOOM YAOOHBIH M BHICOKOIHEPIeTUYECKUM MPOAYKT Ul CHAOXKEeHHs OBITOBBIX MOTpeOUTENei
B y/IaJIGHHBIX paliOHaX, MCIIOJIb30BaHM B Ka4eCTBE MOTOPHOTO TOILIMBA U CHIPhA Il HeTexumuu [5, 7].

Bbonee TexHONOTMYECKN CIOXHOI 3amadell SABISETCS MPOM3BOACTBO COKMIKEHHOTO IPHUPOAHOTO Trasa
(CIIT). s mepeBojia MeTaHa B JKHAKOE COCTOSIHHE TpeOyeTcsi ero IiyO0oKoe OXJIaKIeHHE JI0 TEMITepPaTyphl
npuMepHo -161,5 °C mpu armochepHOM IaBIIEHUH, YTO MPHBOIUT K COKpameHuio oovema B 600 pa3 m
OTKpBIBAE€T BO3MOXKHOCTH Uil 3(()EKTUBHON TPAHCIOPTUPOBKH M XpaHeHUs [8]. MUPOBBIM TPEHIOM M
TakuxX 00BEeKTOB, kKak MunHuOaeBckuii ['TI3, spnsercs koHuenmus ManoMacmTadrnoro CIITT (small-scale
LNG). B ornuumne OT T'MTaHTCKUX OEPEroBBIX 3aBOJOB, 3TH YCTAHOBKHM XapaKTEPU3YIOTCS MOAYJIBbHOCTBIO,
THOKOCTBIO T10 IIPOU3BOJUTEIHHOCTH W BOBMOXXHOCTBIO MHTETPAIINH B CYIIECTBYIOUTYI0 HHPPACTPYKTYPY, UYTO
MUHUMHU3HUPYET KaluTalbHbIE 3aTpaThl [8, 9].
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Tabnuna 2 — CpaBHeHHE KII0YEeBBIX TexHOoIornuaeckux napamerpos CYI u CIII'

IMapameTtp

C:KkuKeHHbIe YTIJIeBOAOPOAHbIE
ra3el (CYI)

C:xM:KeHHBII MPUPOIHBIN ra3
(CIII)

OCHOBHOI KOMIIOHEHT

Iponan, 6ytan

MertaHn (He meHee 90—95%)

VYcnoBus xpaHeHUs

[Ipu TemMnepatype OKpyKaromen
cpenbl o AasieHueM (1o 1,6 MIla)

[Tpu atMochepHOM naBiIeHUN U
KPUOTEHHOH TeMrepaType (0KoJIo —

162 °C)
HuskortemmneparypHas koHaeHcanus, | KackaaHble Wi cMenIaHHbIe
pekTrdUKanms, ancopOus pedprkepaTOpHBIE IUKITBI C
Ty OOKUM OXJIaXICHHEM

TexHomorus TMOJTyYCHUA

OHeproeMKocCTs Ipouecca OtHOCHUTETHFHO HU3KAS Bricokast; ocHOBHAsI CTaThs 3aTpaT
— KOMIPUMUPOBAHUE U

OXJIAXKICHUE

KiroueBoe npenmymecTso [upoxkast 0651acTs MPUMEHEHHS,
pa3BuUTadA JOTMCTHKA

Tabnuma 2 — Comparison of the key technological parameters of LPG and LNG

Bribop  koHKpeTHOU TexHonoruu  cxkeHus ana  CIII sBiseTcss  KOMIPOMHCCOM — MEXIY
3Heprod(pPeKTUBHOCTHIO, KAaNHUTAIBHBIMUA 3aTpaTaMd H MacmTaboM Mpow3BOACTBa. Jlmg MPOEKTOB,
AHAJIOTWYHBIX TOTCHIIMAIBHOMY NpoekTy Ha MwunHHOaeBckoM [TI3, 9acTo paccMaTpuBarOTCs ITUKIBI C
A30THBIM XOJIOJUJIBHBIM areHTOM FJIM CMEIIAHHBIC XJIAJareHThl, KOTOPBIE XOPOIIO 3apEKOMEHIOBATIH ceOS B
JUana3oHe MajblX U CPEAHUX MOLIHOCTEH [9]. DTU TEXHOJOTMHM OTIMYAIOTCS OTHOCUTEIBHOM MPOCTOTOM,
HAJIEKHOCTbIO M TO3BOJISIIOT HMCIIOJB30BaTh CYLIECTBYIOLUIME HMH)KEHEPHbIE KOMMYHHUKAIIUU, YTO CHUIKAET
CJIO)KHOCTh MHTerpanuu [4, 9].

Takum  00pa3om, COBpEMEHHBIE  TEXHOJIOTHYECKHE  pEIIeHHS  TO3BOISIOT 3P QPEeKTHBHO
npeoOpazoBbiBath [IHI" B BRICOKOJIIMKBUAHBIE COKIKEHHBIE MTPOAYKTHL. Y CIIEX TaKOTO MPOEKTa, OJHAKO, OyIeT
HaIpsSMyI0 3aBHCETHh OT TOTO, HACKOJIFKO BBIOpAHHEBIC TEXHWUCCKHE PEIICHHS COOTBETCTBYIOT KOHKPETHBIM
YCIIOBUSAM CYUIECTBYIOIIETO MPOU3BOJACTBA. JTO OMpPEACsieT JOIMKY AaJbHEHIIEero MCCIeqoBaHus: MpexKae
9eM TpemiaraTb TEXHOIOTHIECKYIO CXeMy, HEOOXOIUMO IPOBECTH JCTATbHBIA aHAN3 TEKYIIET0 COCTOSTHUS
u noteHimana Munan6aeBckoro ['TI3, 4To U cocTaBisieT MpeaMeT CIIeYIOICH TIaBbl.

MaxkcuManbHas IOTHOCTh OHCPTrUn
JJIL TPAHCHHOPTUPOBKU METAaHA

Technologies of LPG and LNG production

The associated petroleum gas of the Tatarstan fields is characterized by a relatively high content of
heavy hydrocarbons (C3+), which makes it a valuable feedstock not only for commercial methane but also for
the production of wide fraction of light hydrocarbons (WFLH) — the basis for LPG [1, 5]. After the removal
of heavy components, the purified (stabilized) gas, mainly methane, serves as ideal feedstock for LNG
production [6].

The production of LPG, based on propane and butane, is a well-established stage in the APG processing
chain. The key stages are low-temperature separation and rectification [7]. A more technologically complex
task is LNG production: converting methane to liquid requires deep cooling to approximately —161.5 °C at
atmospheric pressure, which reduces the volume by 600 times [8]. The world trend for such facilities as the
Minnibayevsky GPZ is the concept of small-scale LNG, characterized by modularity, flexibility and the
possibility of integration into existing infrastructure, which minimizes capital costs [8, 9].

A comparison of the key technological parameters of LPG and LNG is given in Table 2. The choice of
a specific liquefaction technology is a compromise between energy efficiency, capital costs and production
scale; for small and medium capacities, nitrogen-cycle and mixed-refrigerant cycles are well proven [4, 9].

Munnubaeckuii I'TI3 kak 6a3a niast Hoporo npousBoactBa (The Minnibayevsky GPZ as a basis
for new production)

[epexons oT OOIINX TEXHOJOTMYECKUX MPUHIIUIIOB K KOHKPETHOMY TPOEKTY, HEOOXOIUMO AETaILHO
OIICHUTH TUIaThOpMy IS ero peanusanuu — MuHHHOaeBCKU ra3onepepadaTsiBaronuil 3ason. Mcropuuecku
co3maHHbli B 1955 romy s pemienums 3amaun  yrwmsanuu [IHID rurantckoro PomamikuHCKOro
MECTOPOIKIIEHHS, 3aBOJI MPOIIEN HECKOJIBKO ITAIIOB MOJCPHHU3AINH, TPAaHC(HOPMUPYSICH W3 MPOCTOrO y3ia
IOATOTOBKM TIa3a B 3HAUUMBIA TexHoJoruueckuil komiekc [3]. CerogHs, B CTpPYKType YIpaBieHUs
«TarHedrerasnepepaboTka», OH BBINOJHIET KPUTUYECKH BaXHYI (YHKIUIO TO IMpHEMy, 00paboTKe U
HalpaBlIeHUI0 B MaruCTPaJbHYIO CETh ra3a C TPYIIBI MECTOPOXKAEHWH, oOecredrnBas KaK BBITOJHEHHE
3KOJIOTMYECKUX HOPM, TaK U PallMOHAIBHOE UCIIOJB30BAHUE PECYPCOB.

KnroueBbIM akTHBOM, KOTOpbIH Jemaer mpoekT mpousBojctBa CIIIT m CYIDT TexHudecku
OCYIIECTBUMBIM, SBJSACTCS NeHCTByromas KpuoreHHas ycraHoBka (KI'Y) B mexe No2, BBeicHHas B
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skcryatannio B 2010 roxy [4]. Oto He aGcTpakTHass MHPPACTPYKTYpa, a KOHKPETHBIA TEXHOJOTHUECKUH
y3ell, MpeAHa3HAYCHHBIH I MTyOOKOH HH3KOTEMIIEPATYpHO TepepaOdOTKU yKe MOJTrOTOBJIEHHOTO,
OTOCH3MHEHHOTO ra3a. Ee Hanuuue KapJUHAIbHO MEHSET CUTYAIUIO: OCHOBHAS YacTh KAaNUTAIOEMKUX U
CIIOKHBIX TPOIECCOB — KOMIPUMHPOBAHHE, OCYIIKA, MpeABAPUTEIHHOE OXJaKAEHHE — Y)Ke€ CYIIECTBYET U
¢ynkunonupyer. Ilo cyru, 3agada CBOOUTCS HE K CTPOMTEIBCTBY 3aBOJia «C HYJsS» B YHCTOM IIONE, a
K PEKOHCTPYKIIMH M PacCIIMPEHUIO IEHCTBYIONIETO MPOM3BOJICTBA, YTO MpEAIoiaracT 3HaYuTeIbHO MEHBIINE
WHBECTHUITUHU U pucku [4, 10]. [lapamiensHo ¢ 3THM 3aBOJ 00Ja1aeT pa3BETBICHHONW CHCTEMOH Ta30COOPHBIX
TpyOONIpOBOJOB (TaKuX Kak Tra3onpoBoj] baBnel-MuHHHOAEBO), YTO TapaHTHPYeT CTaOMIIBHYIO CHIPHEBYIO
nocrasky [3].
Tabmuma 3 — Tpancdopmanms Tporu3BOACTBEHHOTO moTeHnuana Munaubaesckoro ['T13

AcCHeKT CyuecTBy10111€€e COCTOSIHHE IMoTeHMAM MOCTE PEKOHCTPY KIIMU
(paxkTnueckas 6a3a) (MPOeKTHBIH BEKTOP)

OcHoBHas QyHKITUSA Ilepepaborka ITHI ¢ I'my6oxkas mepepaboTka ¢
MOJIy4€HUEM TOBAPHOTO ra3a u BBIITYCKOM TOBapHOTO Ta3a,
DTy H®JIY, CYI, CIII" u renus

KittoueBoii TeXHOIOTHUECKUI Kpuorennas ycranoska (KI'Y) MonepuusupoBantas KI'Y ¢

aKTUB JUISL HU3KOTEMIIEPATYPHOM OJIOKOM COKMIKCHHSI METaHa U
cernapauuu BeIeneHus renus [4, 10]

Cripbe ITHT" ¢ TpaauiuoHHbIX ITHT" ¢ TpagutinOHHBIX U
MECTOPOXICHUHN TPYIHOU3BIECKAEMBIX 3aITacoB,

yBenu4IeHHe 00beMOB [ 1]

IIponyxToBas nuHeiika IToaroroBaenusiit ra3, HIDOJTY IToaroroBnenHsiit rasz, HIDITY,
TOBapHBINA npomnaH-6yran (CYT),
CIII, razo00pa3Hblil Tenuii

OxoHOMHUYeCKHH 3P deKT OnTtuMuzanus 3aTpaT Ha Cyl1ecTBeHHBIN POCT
yrunuzauuto [THI, Belpyuka ot I00aBJIEHHOM CTOMMOCTH 3a CYET
raza u [IDITY BBICOKOMAPKUHAIBHBIX

CIXKMIKCHHBIX IPOAYKTOB
Ta6nuna 3 — Transformation of the production potential of the Minnibayevsky GPZ

lazodpakuuonupyromire MomHoctd Munnubaesckoro ['TI3 mpexacraBnenbl ycranoBkamu ['OY-2 u
I'dY-300, npennaznaueHHbiME s pasaenenus HIDJIY ¢ ycraHOBKM HU3KOTEMITEpaTypHOH KOHAECHCAIIUU U
pexTuduKanuu HAa WHANBUAyaldbHBIC KOMIOHEHTH. Ha [®Y-2 IIDJIY pa3gensioT Ha MOPONaHOBYIO,
M300yTaHOBYIO, OyTaHOBYIO (pakiuu W (pakmuio cradmiasHoro OeHsmHa. BBom I'dY-300 pacmmprr
HOMEHKJIATYpy MPOAYKIUHU C BBITYCKOM MEHTaHA U [TEHTaH-U30MEeHTaHOBOH (pakiuu (PUCYHOK 1).

PucyHok 1 — YcranoBka I'®@VY-2 (ucTOUHUK: coCTaBiIeHO aBTOpOM 110 gaHHBIM ITAO «TaTHehTHY)
ChIppeBOll TOTEHIWAI I HOBOTO INPOM3BOJACTBA TAaKKE OLICHMBAETCS KaK YCTOMYHMBBIA U HMEET

TEHJCHITUIO K POCTYy. DTO CBS3aHO HE TOJBKO C TEKYIIMMH OOBeMaMu MOOBIYHM, HO U c crparerueit 11AO
«TartHe(Th» MO BOBJCUECHUIO B pa3pabOTKy TpPYAHOW3BJICKACMBIX 3allacOB W AKTUBHOMY MPHUMCHCHHIO
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METO/IOB yBENUYEHHUsI HEPTEOTAauN, KOTOPhIe HEM3MEHHO COTTPOBOXKIAIOTCS YBEIMYEHHUEM Ta30BoTo0 (pakTopa
[1]. Takum 0Opa3oM, 3aBOJ CTOJKHETCS ¢ HEOOXOAMMOCTBIO MepepabaThiBaTh BO3PACTAIOIINE M BO3MOXKHO
MeHstomuecs 1mo coctaBy o0beMel [THI. Co3ganne komiuiekca mo npousBoactsy CYI™ u CIII™ craHoBUTCS B
9TOM CUTyallMM HE MPOCTO MHHULMATHBON MO AMBEPCU(PHUKAINH, a JOTHUYHBIM M HEOOXOAWMBIM IIaroM II0
aJanTanuu HMHQPACTPYKTYpbl K OyIyImIMM CHIPBEBBIM IIOTOKaM, OOECIEeYMBAIOIIMM WX TOJHYI H
PEHTA0ENbHYIO YTHIN3AIHIO.

BaxrHo oTtmeruth, uro MunHHOaeBckuit [TI3 He sBisgercs cratnuHbIM mpemnpustHeM. OH
oOJyiaziaeT TOKa3aHHBIM OMBITOM peaan3alliil HMHHOBAIMOHHBIX IIPOEKTOB B TECHOW CBA3KE C HAy4IHO-
TeXHUYECKUM KoMIUlekcoM «TaTHedTu». OTO co3maer mpereneHT Al padOThl HaJ  CIOXHBIMHU
TEXHOJIOTMYECKUMH 3aJadaMy, IMOAOOHBIMU OpraHU3allMM CXKMKeHUs raza. Hamuume xBanuduuupoBaHHOTO
MepcoHaa, OTPabOTaHHBIX MPOIEAYp TEXIIEPEBOOPYXKEHUS M MHTETPALMU B €IUHYIO NPOU3BOJCTBEHHYIO
LENO0YKY KOMIIAHUHU CYIIECTBEHHO CHI)KAaeT HEMOHETAapHbIE PUCKU MIPOEKTA.

KiroueBbIM 3BeHOM TiTyOOKOW TepepabOTKH Ha MPEANPHUSATHH SBISIETCS JEHCTBYIOMAas KpHOTEHHas
yCTaHOBKa, BBeJeHHAs B dKciuryartauuio B 2010 romy. Ilocne 3amycka KpHOT€HHOH YCTaHOBKHM BBIPaOOTKa
stana Ha I'TI3 BeIpocna B 1,5 paza — ¢ 90 mo 140 TeIc. T B TOJ, BBIpaOOTKa CyXoro raza — 1o 198 M M.
HoBas kpuoreHHas ycraHOBKa 00JalaeT TEXHOJOruel monydeHus riryookoro xonoxaa (—183,7 °C) u ero
ITOBTOPHOTO HCIIOJI30BAHUS W BBICOKOH CTENEHBIO aBTOMAaTH3allMH, SABISETCS E€IMHCTBEHHOH B Poccum
(pucyHoxk 2).

-

PucyHok 2 — KproreHHas ycTaHOBKa (MCTOYHUK: COCTABIEHO aBTOpOM 1o naHHbM [TAO «TaTHehTb»)

Pucynok - Cxema wHTErpanyi HOBOTO ITPOM3BOICTBA B TEXHOJIOTHYECKHH MOTOK MuHHMOaeBckoro 1113

[IpoBeneHHbIA aHaTN3 MO3BOJISET CACIaTh MPUHIIMITHANBHBIN BBIBOA: MunHnOaeBckuii I'TI3 obmamaet
He a0CTPaKTHOH «IUTOIIAAKOM», a IOHOIEHHON TEXHOIOTHIECKOH, MHPPACTPYKTYPHOH U KaAPOBOI OCHOBOM
JUTS pean3anui mpoekTa. Hanwane melicTByIOMEe KPHUOTEHHON YCTaHOBKY, CTA0MIIBHON CHIPREBOM 0a3bl ¢
MOTEHIIMAIIOM POCTa W OIbITA MOJCPHU3ALUN MEPEBOJUT 3aJauy U3 pa3psjia TEOPETHUECKUX B IJIOCKOCTh
MIPaKTHYECKOTO MPOEKTHUpOBaHUS. CIeqyIomuM JIOTHYECKHM IIaroM sBIIIETCS pa3paboTKa KOHKPETHBIX
TEXHOJIOTHYECKUX PELICHUI 110 PEKOHCTPYKIIMH, YTO U COCTABJISIET COACPIKAHHUE IMOCIEAYIONICH TIIaBhI.

The Minnibayevsky GPZ as a basis for new production

Historically created in 1955 to solve the problem of APG utilization from the giant Romashkino field,
the plant has undergone several stages of modernization [3]. The key asset that makes the LNG and LPG
project technically feasible is the existing cryogenic unit (CU) in shop No. 2, commissioned in 2010 [4]. The
capital-intensive and complex processes — compression, drying, pre-cooling — already exist and operate. In
essence, the task is not to build a plant from scratch, but to reconstruct and expand the existing production,
which implies significantly lower investments and risks [4, 10]. After the cryogenic unit was launched, ethane
production increased 1.5 times — from 90 to 140 thousand tons per year, and dry gas production reached 198
million m3; the unit provides deep cooling to —183.7 °C and is unique in Russia.

The feedstock potential is assessed as sustainable and tends to grow due to the strategy of PJSC Tatneft
to involve hard-to-recover reserves and enhanced oil recovery methods, which are invariably accompanied by
an increase in the gas factor [1]. The plant has proven experience in implementing innovative projects in close
cooperation with the scientific and technical complex of Tatneft, which significantly reduces non-monetary
project risks. The transformation of the production potential is presented in Table 3, and the scheme of
integration of the new production into the process flow is shown in Figure 3.
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TexHonoruyeckue pemenuss 1o opranmsauuun npomssoiacrea CYI' m CIII' (Technological
solutions for organizing LPG and LNG production)

OCHOBBIBasICh Ha JETANGHOM aHajHM3e IOTEHIHAajla 3aBOja, MOXXHO MEpedTH K (HOpMYITHpPOBAHHIO
KOHKPETHBIX TEXHOJIOTHYECKUX pELICHUH. SIapoM mIpoeKTa AOKHA CTaTh PEKOHCTPYKIUS M pacIiupeHUe
cymecTBytomel kpuoreHHoH ycraHoBku (KI'Y) B mexe Ne2, a He CTPOHTEIBCTBO 000COOICHHOTO
MPOU3BOACTBA «C HYJISD. Takoi MOIXO0/, MOATBEPKIECHHbII ONBITOM MOJIEpHU3ALUU
HedTerazornepepabaTHIBAIOIINX  MPEINPUATHI, ITO3BOJISIET MHHUMH3UPOBATh KalmUTAIbHBIE 3aTparthl,
COKpPaTHTh CPOKM peaTM3allUM M HCIIONB30BaTh YyXe (YHKIIMOHUPYIOIIME CHCTEMBI IMOJATOTOBKH CHIPBS,
sHeprocHadkeHus u KoHTpois [4, 10]. Konuenuwms mpeamonaraer co3gaHHe €IUHOTO TEXHOJIOTHYECKOTO
KOMITJIEKca TITyOOKOH mepepadOTKH, Iie MOTOK OTOSH3WHEHHOro rasa mocie BbimeneHus LIDITY Oynper
pa3AeNATHCS: YacTh HANPABISAETCA B HOBBIM OJOK MOydeHHS TOBAPHOTO TeJHs, a YaCTh — B OJIOK COKIDKEHU A
MeTaHa Jutst ipoussoactea CIIT [4, 10].

BeiOop  KOHKpPETHOM  TEXHOJOTWH  COKMIKEHHS SBIAETCS  KPUTHYECKH BAXHBIM  pEIICHHEM,
OTIpeNeNISIOIUM  3HEeprod(H(PEeKTHBHOCT, W HAJEKHOCTh BCEro KomIuiekca. Jis Tpou3BOIUTENBHOCTH,
cooTBeTcTBYIOMEeH Macmrtabam MwunnubaeBckoro I'TI3 (ot 50 mo 500 Teic. Tomn CIII' B rom), Hambomee
1enaecoo0pa3sHbIMU  SIBJISIOTCS TEXHOJIOTMK MajioMaciintabHoro (small-scale) u cpeaHemacmitabnoro (mid-
scale) CIII. B wactHOoCTH, IMKJA C OAHWUM CMeIIaHHBIM xjamareHToM (Single Mixed Refrigerant,
SMR) obmagaer onTUMaIbHBIM OadaHcOM ISl JAHHOTO CIydas: OH MEHEE KaIUTAIOEMOK, YeM KacKaIHbIC
LIUKJBI, UMeeT oTHOocuTenbHO Bbicokuil KIIJ[ u xopouo amantupyercss Kk u3MeHeHusM B Harpyske [11, 12].
ANBTEpHATUBOM MOJXKET CIIy’KHTh a30THBIA ITUKJ, OTIMYAIOIIMICS MaKCHUMAaJIbHON O€30MacHOCTBIO |
IIPOCTOTOMN IKCIUTyaTalllH, OHAKO €ro 3HeproddpexkTuBHOCTH 00BIYHO HIKE [9]. Pemarontum ¢axTopom mpu
OKOHYATEeIbHOM BHIOOPE JOJDKHA CTATh JeTalbHAs TEXHUKO-OKOHOMUYECKast ONTUMH3AIHS C YYETOM TOYHBIX

MapaMeTpoB MOaBaEMOT0 Traza M TpeOOBaHWH K THOKOCTH IPOM3BOICTBA.
Ta6nnua 4 — CpaBHEHHE TEXHOJIOTHUSCKUX BAPHAHTOB IS OJI0Ka COKIDKCHHSI METaHa

Kpurepnii Muka co cMemaHHbIM A3OTHBIN HUKJI IIpumennMocTsb 11
xJanareiTom (SMR) Munnubaesckoro I'TI3
OHeproapdekTnBHOCTH Beicokast (ynenbHbie Cpennsist / Hike cpenneld | SMR npennouturensHee

sHepro3aTtpathl ~0,35—
0,38 xkBt-u/xr CIII")

(yleTbHBIE 3aTPATHI
~0,45-0,50 kBt u/kr
CIIr)

JUTSL CHIDKCHHUS
ONEPALHOHHBIX PACXOI0B
MpH CTaOMIBHOM paboTe

Kanuranbueie 3 aTpaThbl
(CAPEX)

YMepeHHbIe, HXKE, YEM Y
KaCKaJIHBIX IIUKIIOB

OTHOCHUTEIILHO HU3KHE 3a
CYET MPOCTOTHI U
0€30IaCHOCTU CHUCTEMBI

A3OTHEII UK MOXKET
OBITH BBITOJICH IIPU
JKECTKHX OIOIKETHBIX
OTpaHUYCHUSX

I'nbxocTh ¥ HAIEIKHOCTH

Xopo1masi THOKOCTb 10
Harpy3Ke, ClI0KHOCTh
BBIIIE

OueHb BBICOKAs
HaJeKHOCTb, IIPOCTasI
IKCILTyaTalysl, XOPOIIHA
X0JI0A0NOTEHIUAI

A3OTHBII IUKI HaJE)KHEE
W MIPOIIE B yIPaBICHUU
JUTSl HECBIPEBOTO 3aBOJIa

KiroueBoii BEIBOT

OntuManeH s
TPOEKTOB, TJIC TIPUOPUTET
— JOJTOCPOYHAS

3¢ PEKTUBHOCTD

OnrtuMaseH Jist MPOEKTOB,
rJie IPUOPUTET —
HaAJEXHOCTh U
06€e30IMacHOCTh

TpebyeT netanbHOTO
pacdera ¢ yueToM
KOHKPETHBIX YCIOBUHN U
Tapu]oB HA SHEPTHIO

Tabmuma 4 — Comparison of technological options for the methane liquefaction unit

Wurerpamuss HOBOro OJ0Ka CKMKCHHS B JEHCTBYIONIYIO CXEMy JTOJDKHA OBITh OpPraHHW30BaHa C
MUHUMAJTBHBIM BMEIIATEIBCTBOM B TEKYIIHUH pexkuM padoThl. [10TOK ocymeHHOro M 0TOSH3MHEHHOTO ras3a ¢
cymectBytomeid KI'Y OymeT 4acTHYHO WITH MOJIHOCTBIO TIEpEHAIPaBIAThCS HAa BXOJ HOBOH ycTaHOBKH. [Ipn
ATOM KPUTHUYECKHA BaXXHBIM SIBIISICTCSI 00ECIIEUCHHE PE3CPBUPOBAHUS W BO3SMOXKHOCTH PAOOTHI B Pa3IMUHBIX
TEXHOJIOTHYECKUX PEXUMax (HarmpuMmep, TOJBKO MOATOTOBKA ra3a WM napaiviensHoe npoussoxactso CIIT).
[ XpaHeHHsI TOTOBOM MPOAYKIMH HEOOXOIUMO MpPeIyCMOTPETh KpuoreHHbIe pesepByapsl ans Cllra tuma
«cocyn [roapa» uiaM cTalliOHapHbIE U30TEPMUUYECKUE EMKOCTH, a TaKXKe MapK LHUCTEPH MM aBTOTPaHCIOPTa
st CYT, 4to onpenenuT JIOrUCTUYECKYIO0 MOJEIb.

Bomnpocet  noructukun W cObita GOpMHUpPYIOT  BTOpPOH  KOHTYp  mpoekra. [Ipon3BoacTBo
CVYT ectecTBEeHHBIM 00pa3oM BITMIIETCS B CYIIECTBYIOIIYIO TOBAPHYIO JIMHEHKY W OyAeT pealn30BBIBATHCS
yepe3 naerctByromue kaHaibl. [IpousBoactBo CIIIT oTKpbIBa€T HOBBIE PHIHKU: Ta30MOTOPHOE TOIUIMBO AJiA
TSDKEJIOTO TPAHCIOPTa M KaphepHOH TEXHUKH B pPETrHOHE, CHAaOKEHUE yNANCHHBIX IOTpeOuTeNei, He
TTOAKJTIOUEHHBIX K Ta30paclpeIeIUTEIBHBIM CETSIM, a TAKKe MOTCHITHATBHBIN 3KCIOPT Yepe3 NMepeBaIOYHEIC
TepMuHanel [2, 8]. Ycmex mpoekta OyOeT 3aBUCETh HE TOJNBKO OT TEXHOJOTHYECKOW YacTh, HO M OT
pOpabOTKH KOMMEPUYECKON CTpaTErnH, MOATBEPKAAONICH BOCTPEOOBAHHOCTh HOBBIX ITPOYKTOB.
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Taxum 00pa3oM, TEXHOJIOTHYECKasi OCYIIECTBIMOCTD IIPOEKTa Ha 0a3e PeKOHCTPYKIIMH MOATBEPXKICHA
HAJIUYMEM OTPAOOTAaHHBIX PEIICHHUH IS MajJoMacIITabHOro CxrkeHus. Boioop mexay SMR u a3oTHbBIM
OUKJIOM TpebyeT yriayOlleHHOro aHamnW3a, HO B JIIOOOM ciydae O0eCHnednT CO3JaHhe HOBOTO,
BBICOKOTEXHOJIOTHYHOTO Tepeena Ha npeAnpusaTui. OKOHUATENbHOE PEIICHUE U OLIEHKA JKU3HECTIOCOOHOCTH
MIPOeKTa HEBO3MOXKHBI 0€3 aHajIn3a YKOHOMUYECKHX IOKa3aTeleld W IKOJOTHYeCKOoro 3¢ ¢eKTa, 4To CTaHeT
MIPEIMETOM 3aKJIIOYUTEIBHOTO JTana UCCIeI0BaHuUs.

> Cywecrayiowmi — ToBapHbii ra3

Lex noaToroBKu %
T - ﬂ%—» il aan,

Boigenenve WONMY e DpakL p = CYT (nponau-6yTan)

016 i raz l / \ BAoK BblaeneH

Bnok oxwxenus lenuit ToBapHbIN

3 Y

o =SS,

i i

ﬂHI’ € MeCTOPOXAEHNI

Pucynok 3 — Cxema MHTerpaluy HOBOTO MPOW3BOJICTBA B TEXHOJOTHYECKUi moTok MunHHOaeBckoro ['T13
(MCTOYHMK: COCTaBJIEHO aBTOPOM)

Technological solutions for organizing LPG and LNG production

The core of the project should be the reconstruction and expansion of the existing cryogenic unit in shop
No. 2, rather than building a stand-alone facility from scratch. This approach minimizes capital costs, shortens
the implementation time and uses the already operating feedstock preparation, power supply and control
systems [4, 10]. For the capacities corresponding to the scale of the Minnibayevsky GPZ (from 50 to 500
thousand tons of LNG per year), small-scale and mid-scale LNG technologies are the most appropriate. In
particular, the Single Mixed Refrigerant (SMR) cycle has an optimal balance: it is less capital-intensive than
cascade cycles, has a relatively high efficiency and adapts well to load changes [11, 12]. An alternative is the
nitrogen cycle, distinguished by maximum safety and operational simplicity, but usually with lower energy
efficiency [9]. A comparison of the technological options is given in Table 4, and the integration scheme is
shown in Figure 3.

The integration of the new liquefaction unit into the existing scheme should be organized with minimal
interference in the current operating regime. The flow of dried and stabilized gas from the existing cryogenic
unit will be partially or completely redirected to the inlet of the new unit; redundancy and the possibility of
operating in various technological modes are critically important. For finished products storage, cryogenic
LNG tanks (Dewar vessels or stationary isothermal tanks) and a fleet of LPG tank cars will be required. LPG
will naturally fit into the existing product line; LNG opens new markets: gas motor fuel for heavy transport
and quarry equipment in the region, supply to remote consumers not connected to gas distribution networks,
and potential export through transfer terminals [2, 8].

JKOHOMHYECKOe M 3KojJorudeckoe oo0ocHoBaHue mnpoekTta (Economic and environmental
justification of the project)

Pa3zpaboTaHHBIE TEXHOJIOTMYECKHE PELICHHS 0OpeTaroT MPAaKTUYECKWH CMBICI JHIIb IPH YCIOBHUU MX
9KOHOMHYECKOH 11€7eC000pa3sHOCTH M MOJIOKMUTEIBHOIO 3Kojornyeckoro 6ananca. OIeHKa 3THX acHEKTOB
s npoekta Ha MwunaaHOaesckoMm [1I3 moxassiBaeT ero komruiekcHyro 3¢dextuBHOCTh. KanuTtamsHbie
3atpatsl (CAPEX) OynyT CyIiecTBEHHO HUKE, YeM IIPU CTPOMTENBECTBE HOBOTO 3aBOJA, IIOCKOJIBKY KIJIIOUEBBIC
00BEKTHl HHPPACTPYKTYPHI — yCTAHOBKA MOJITOTOBKH, KOMITPECCOPHBIE CTAHIIHH, CHCTEMBI YHEPTOCHAOKEHH 5T
— yke cymecTByIoT [4, 10]. OcHOBHBIE HHBECTHIIMY HAIIPABSITCS HA 3aKYIKY OJIOKa CHKIDKEHUS (HapuMep, Mo
texaojgoruun SMR), kpuoreHHbIXx emkoctedd st xpanenust CIII, mogyns ¢pakumonuposanus mia CYI, a
TaKe Ha CTPOMTEIbHO-MOHTAXXHBIE paOOTHI 110 MHTETpanuu. [1o aHaJoruu ¢ MpoeKTaMu CXO0XKero Macmraoa,
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MOXHO OpHueHTHpoBOo4UHO oreHuTh CAPEX B nmamazone 2-5 mupn pyOseii, 9ro TpeOyeT AeTalIbHOTO
MPOEKTUPOBAHUSA JyId yTouHenus [12, 13].

Onepamnuonnsie pacxonsl (OPEX) B 3HauMTenbHOM cTemeHW OyayT OINpenessiThes CTOMMOCTBIO
3JIEKTPOIHEPTHH, KaK HanboJee pecypCoeMKO COCTaBIISIONIEH Mpoliecca CKUKEeHUs. DHeprodhPeKTuBHOCTh
BBIOpaHHOI TexHOonmoruu (SMR Wiy a30THBIN LWKI) HANpPsAMYIO MOBIHAET Ha Ce0ECTOMMOCTh KOHEYHOTO
npoaykra [9, 11]. Hpyrue ctarbu OPEX BkmrodaroT 3apa®oTHYIO IiiaTy, oOCIy’kKMBaHHE 00OpYyIOBaHMS,
JIOTUCTHKY B 00ecriedeHue ChIpheM, KOTOpOoe, OJTHAKO, sBIsieTcs BHYTpeHHUM pecypcoM [TAO «TatHedTs» 1
OLIEHUBAETCS 10 TPAHCPEPTHBIM IIEHAM.

Tabnuna 5 — OxugaeMble SKOHOMHUYECKHE H 9KOJIOTHYEeCcKHE (P PEKTH MPOSKTa

Kpurepuii onenku

KonauuecTBeHHbIil nHAMKATOP /
XapaKTepHUCTHKA

KomMeHnTapuii u 06ocHOBaHMe

Kanuransasre 3atpatsl (CAPEX)

CHmxenue Ha 30-50%
OTHOCHTENBHO «greenfield»-npoekra

DKOHOMHUS JOCTUTAETCS 3 CUET
HCTIOIB30BaHUs IeMCTBYOIIEH

uHppactpykrypsl KI'Y [10]

PaccuuTtbiBaeTcs Ha OCHOBE
MIPOTHO3a BBIPYUYKHU OT IPOJAKH
CVYT, CIII" u renus npu 3aJJaHHOM
CAPEX

[lepexon oT mpoa)xu TOBApHOTO
rasa K BBICOKOMap>KUHaJIbHBIM
CKM)KEHHBIM NPOAyKTaM [2, §]
JocTuraercs 3a c4eT NpeKpaneHus
cxxuranus [THI Ha dakenax u
3amenienus yris/mazyTa CIIT y
notpedureneii [14]

Oxynaemocts nipoekTa (DPP) 5-8 jet (pu OIaronpUsITHOMH

PBIHOYHOU KOHBIOHKTYPE)

KpatHslii pocT MapKUHAIBHOCTH C
€JIMHULIBI CBHIPbS

Poct no6aBneHHO cTOUMOCTHA

CHmxenue BoiOpocos CO: JlecsaTku THICSY TOHH B FOJ

I'enunit — cTpaTerndyeckuii ra3; ero
W3BJI€YEHHUE MOBBIIIAET
peHTabenbHOCTD TITyOOKOH
riepepabotku [10]

KOMMGpHI/IaHI/ISaHI/IH reJIus HonyquI/Ie JOIIOJITHUTCIBHOTO

BBICOKOJIMKBUIHOTO IMPOJAYKTa

Tabnuna 5 — Expected economic and environmental effects of the project

OrneHka SKOHOMHYECKOH 3(()EeKTHUBHOCTH 0a3upyeTcs Ha MPOTHO3€ BBIPYUYKH OT peaju3allid HOBBIX
npoaykros. CIII', opueHTHpOBaHHBII Ha PHIHOK Ta30MOTOPHOTO TOIUIMBA M yJAJICHHBIX MTOTpeOuTeNe, nMeeT
YCTOWYMBBI LIEHOBOM MapuTeT C JU3ENbHBIM  TOIUIMBOM, OOecmeunBas  CTaOMIBHBIA  CIIpoOC
[8]. CYT TpamuuMOHHO HOJIB3yeTCs] BBICOKUM DPBIHOYHBIM CIPOCOM B CETMEHTAaX KOMMYHAJIbHO-OBITOBOTO
xo3siicTBa U HedTexuMuu. JJONOIHUTENBHBIM JOXOJHBIM IIOTOKOM MOXET CTaTh NPOAAXKa ICNUsS — LIEHHOTO
WHEPTHOTO Ta3a, W3BJIEYEHHE KOTOPOTO 3aJ0KeHO B MpoeKT pekoHcTpykmmu KI'Y [4, 10]. Ilpu takom
packiajie pacueTHbIi CPOK OKYNaeMOCTH IPOEKTa MOXKET COCTaBUTh OT 5 OO & JeT, 4TO COOTBETCTBYET
CTaHJApTHBIM OTPAciIeBBIM MOKA3aTeNsAM IS MOJOOHBIX MPOEKTOB MoaepHHU3anuH [13].

Okonorndyeckuil 3 dekt mpoekta HOCUT ABOMHON TONOXUTENBHBIA XapakTep. Bo-nepBriX, oOH
HalpaBJlieH Ha ITOJIHOE W palHoHaTbHOE mcnoisr3oBanne [THI, MuHnMu3upys ero cxuranue Ha ¢akenax u
COOTBETCTBYIOLINE BEIOPOCH HAPHUKOBBIX Ta30B U 3arPsI3HAIOIINX BEIIECTB, YTO COOTBETCTBYET IT100aJIBH BIM
9KOJIOTHYECKUM TPEHIaM W CTPOTMM HOpPMAaTHBHBIM TpeOGoBanusM [14]. Bo-BTopsix, mpousBoanmsiii CIIT
SIBIIIETCA CaMbIM JKOJIOTMYHBIM BHJOM HCKONAeMoro TorumBa. Ero wucmosib3oBaHue s 3aMeIlEHU s
IU3EeNFHOTO TOTUIMBA B TPY30BOM TPAHCIIOPTE MIIM Ma3yTa B KOTEIBHBIX MPHUBOJWT K CHH)KEHHIO BHEIOPOCOB
okcuoB ceprl (SOx) Ha 99-100%, oxcuaos azora (NOx) Ha 80-90% u tBepapix yactun (PM) ma 99% [15].
Taxum 00pazoM, IPOEKT BHOCUT BKJIAJ] HE TOJBKO B JIOKAIBHYIO SKOJOTHIO PETHOHA pa3MeIleHusl 3aBo/a, HO
1 B 00IIlee CHUKEHUE YTIIEPOTHOTO clie/la OT TPAHCIIOPTHOTO M IHEPTETHYECKOTO CEKTOPOB.

IIpoBeneHHBIN aHATN3 ITO3BOJISAET 3aKIIOYUTh, YTO MPOeKT co3nanus npousBoacTea CYI u CIII" Ha Oaze
Munnn6aesckoro ITI3 sBisieTcss TEXHOJIOTHYECKH PEATU3yEMbIM, 3KOHOMHMYECKH IPUBJIEKATEIbHBIM H
9KOJIOTHYECKH OTBETCTBEHHBHIM. OH HAaNpsMyIO CIIOCOOCTBYET JOCTHXKEHHIO cTpaTermueckux meneit [TAO
«TatHeTs» B oOmactu TIIyOOKOH mepepabOTKH, AUMBEpPCUPHUKAUMKM HIPOLYKUUH U  IOBBIILICHUS
AHeprodppeKTUBHOCTH.

Economic and environmental justification of the project

Capital expenditures (CAPEX) will be significantly lower than when building a new plant, since the key
infrastructure facilities — the preparation unit, compressor stations, power supply systems — already exist [4,
10]. The main investments will be directed to the purchase of a liquefaction unit (SMR technology), cryogenic
LNG storage tanks, an LPG fractionation module and construction and installation work. By analogy with
projects of a similar scale, CAPEX can be tentatively estimated at 2—5 billion rubles [12, 13].
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Operating expenses will largely be determined by the cost of electricity as the most resource-intensive
component of liquefaction.

The estimated payback period can be 5—8 years, which corresponds to standard industry indicators for
such modernization projects [13]. The environmental effect is doubly positive: on the production side, an
almost complete cessation of APG flaring will be achieved [14]; on the consumption side, the replacement of
diesel fuel and fuel oil with LNG will lead to a reduction in SOx emissions by 99—-100%, NOx by 80-90% and
particulate matter by 99% [15]. The project contributes both to the local ecology of the region and to the overall
reduction of the carbon footprint of the transport and energy sectors.

3aknaouenue (Conclusions)

1. TexHonorNM4eckass OCyIECTBUMOCTh U ONTHMAIBHBIA MyTh peanu3anuu. Co3laHue NMPOU3BOACTBA
CVYT u CIII' nra Munaun6aesckom T3 gBiseTcst TEXHUYECKH PeaTn3yeMbIM MTPOEKTOM C BBICOKOH CTETIEHBIO
TOTOBHOCTH HMHGPACTPYKTyphl. KitoueBbIM (akTOpOM, CHUKAIOIIMM PHUCKH M KalHWTAIbHBIE 3aTpPaThl,
SIBIIIETCA PEKOHCTPYKINS WM PACHIMpPEHHE CYNIECTBYIOMIEH KPHOT€HHOW YCTAaHOBKH, a HE CTPOHMTEIHCTBO
HOBOTO 3aBoJia «C HyJs» [4, 10]. HannydmuM TeXHOJOTUYECKUM DPEIICHHEM /i OJI0Ka CXKM)KCHHS METaHa B
3aJJaHHOM JHana30He MOIIHOCTEH SBISETCS IUKJ CO CMeIaHHBIM XiagareHToM (SMR), oGecrieunBaromuit
ONITUMAITFHBIN OalaHC MeXTy dHeprod(h(GeKTHBHOCTHIO M KallUTAIBHBIMHU BiIokeHusmu [11, 12].

2. DKOHOMHYECKas 11€1eCO00pPa3sHOCTh M PHIHOYHBIE MEpCNEeKTHBHI. Mcmonp3oBaHue AeHCTBYIOINX
MOIIHOCTEH IO3BOJISIET COKPATUTh KamuTajdbHble 3aTpaTbl Ha 30-50% 1O CpaBHEHHIO C aHAJIOIMYHBIM
npoekToM «greenfield» [10]. OcHOBHBIME ApaiiBepaMH TOXOAHOCTH CTAaHYT MPOJaxka BHICOKOMAPKMHAIBHBIX
npoxnykroB — CIII' s pplHKa Ta30MOTOPHOIO TOIJIMBA M YAAJIECHHBIX MOTpeOuTeneH, a Takxke CYI s
He(pTeXUMHH U KOMMYyHaJbHOTO cekTopa [2, 8]. [lomoJHWTENbHBIH M0XO0A OOeCIeydT H3BICUCHHE U
koMmMepIuanuzanus reius [10]. PacueTHbI cpok OKyMmaeMoCTH MOXKET cocTaBUTh 5—8 jet [13].

3. 3HaAUMTENBHBIN OSKOJIOTMYECKMA M cTparermuyecknii a¢¢exr. Ha cropone mpomsBoacTtBa Oynmer
JOCTUTHYTO IpaKTHUYecKH nonHoe npekpamenue cxuranus [THIT na dakenax [14]; Ha cTopoHe noTpedieHus
3aMernieHne qu3ensHoro Tormea u Maszyta CIII mpuBener k pe3koMy cokpareHuio BeiOpocoB SOx, NOx u
TBepAbIX wactull [15]. CTtpaTernyeckd MPOEKT CHocoOCTBYyeT BhIMONHEHHMIO 3amad [1AO «TatHedTh» 1O
YBEJIIMYCHHIO TTIyONHBI ITepepaboTKH, TUBepcH(pUKANY MPOIYKIINH U TIOBBIMIEHIIO SHEProd((HEeKTHBHOCTH.

4. KoHKpeTHble TMpeANOKEHUs U1 pealu3allud: BBIIOJIHUTH JETalbHOE TEXHOJIOTHYECKOe
npoektupoBanne W TOO ¢ mpuBiedeHHMEM TNPOQUIBHBIX HMHXKEHEPHBIX KOMIIAHUH; IMPOBECTH
ONTUMH3AIIMOHHBIA pacueT Uil OKOHYATEeIIFHOTO BBIOOpa Mexay TexHomorusMu SMR M a30THOro muKia;
pa3paboTaTte TO3TamHBIN IUTaH peKoHCTpyKuuu KIY, MHHMMH3HPYIOIIMNA TPOCTOM JEHCTBYIOLIETO
MIPOM3BOJICTBA; HWHUIIMUPOBATh MAapKETHHIOBYIO TIpOopabOTKy H IIpelBapHTEIbHBIE II€PErOBOPHI  C
noteHuanbHeME ToTpeduTesivu CIII u CYT B peruone.

Tabnuna 6 — Pe3toMe KIII0YEBBIX BHIBOJIOB IIPOEKTA

AcCHeKT OCHOBHOM BBLIBOJ ApdexT s MuHHHOaEeBCKOTO
I'l13 / «TaTHedTI»

Texunomorusa PexoHCTpyKIMA el cTBYOIIEH Cumxenne CAPEX,
KI'Y ¢ uaTerpanmeii Gioka UCIIOJIB30BAHKUE FOTOBOM
cxkeHust (SMR-nuxr) — WH(PACTPYKTYPHI, BBITYCK HOBBIX
ONITUMAITBHBIN TYThH MIPOTYKTOB

DKOHOMHKA [TpoekT okymaem 3a 5—8 et 3a Poct noGaBieHHOM CTOMMOCTH,
CYET MPOJAXKU JIBepcudUKaLKs JOXO/IO0B,
BbIcOKOMapkuHaIBHBIX CIIT, TIOBBIIIEHNE PEHTA0ETBHOCTH
CVYT u renus nepepadoTKH

OKkomorus JluxkBuganus GakeaIbHOTO Brimonnenne HOpMaTHBOB,
cxuranus [THI" + npousBoacTBO | yiydlleHHE 3KOJIOTHYECKOrO
3KOJIOTMYHOTO MOTOPHOI'O uMuKa, Bknaa B ESG-noBectky
TOTLIABA

Crparerus IIpoeKT cOOTBETCTBYET KypCy Ha | YKpEIICHHUE JIUIEPCKUX MO3ULINI
nIyOOKyr0 TiepepaboTKy 1 B 00J1aCTH MHHOBAIIUM U
palMOHAIBHOE UCIIOIb30BAHUE pecypcoapexTuBHOCTH
pecypcoB

Tabnuma 6 — Summary of the key conclusions of the project
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Conclusions

The creation of LPG and LNG production at the Minnibayevsky GPZ is a technically feasible project
with a high degree of infrastructure readiness; the key risk-reducing factor is the reconstruction of the existing
cryogenic unit rather than greenfield construction [4, 10]. The SMR mixed refrigerant cycle is the best
technological solution for the methane liquefaction unit in the specified capacity range [11, 12]. The use of
existing capacities reduces capital costs by 30-50% compared to a greenfield project; the calculated payback
period is 5-8 years [10, 13]. The implementation of the project will ensure an almost complete cessation of
APG flaring and, on the consumption side, a sharp reduction in SOx, NOx and particulate emissions through
the replacement of diesel fuel and fuel oil with LNG [14, 15]. Thus, the organization of LPG and LNG
production at the Minnibayevsky GPZ is a comprehensive, well-founded and promising direction for the
development of the enterprise, combining technological innovation, economic benefits and environmental
responsibility.
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