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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. In the oil and gas industry, methanol is widely used as a hydrate
inhibitor to prevent gas hydrate formation during production, treatment, and
transportation processes. However, the continuous purchase and delivery of
methanol contribute to high operational costs. This study evaluates the technical
and economic feasibility of methanol recovery at the gas treatment unit (GTU) of
the “X” field in Western Kazakhstan. A comparative analysis of different methanol
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regeneration technologies—rectification, high-gravity separation (HiGee), and
membrane separation—was conducted. The rectification method was identified
as the most viable, providing high methanol purity (=95% wt.), reliability, and
automation. Process modeling of the new methanol recovery unit (MRU) was
performed using Aspen HYSYS 14.0, applying the Peng-Robinson-Stryjek-Vera
(PRSV) equation of state to accurately simulate phase behavior. Two operational
scenarios were considered: B, (50 m*/day MWS with 1.50% methanol) and B, (8
m?/day MWS with 1.31% methanol). The required process equipment, including
heat exchangers, evaporators, and stripping columns, was determined. The Aspen
Process Economic Analyzer (APEA) was used for capital cost estimation. Results
indicate that methanol regeneration is technically feasible but economically unviable
due to low methanol concentrations in the MWS. The estimated annual recovery
volume is 570 t/year (B,) and 356 t/year (B,), while the majority of methanol is
lost with gas and condensate. Economic analysis suggests profitability only with
significant methanol content in MWS or higher methanol market prices.

These findings provide valuable insights for optimizing methanol recovery
processes and cost efficiency in oil and gas operations.

Keywords: Methanol regeneration, rectification, ASPEN/HYSYS, Complex
gas treatment unit (CGTU), methanol recovery unit (MRU), hydrate inhibition

Funding. This research was funded by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No.
AP19679527 and BR24992761).

K.I. CarenoB'?, E.M. Cyaeiimen">***, I K. MambITO€KOBA?,
A.C. Kanayosa®, 2025.
DKIIIC KMG Engineering, Acrana, Kazakcran;
?K. KynakaHoB atbiHAaFbl Ka3ak TeXHOIOTHs )KOHE OM3HEC YHHBEPCHTETI,
Acrtana, Kazakcran;

SUI. YonuxaHoB ateingarsl Kekimieray yHusepcuteTi, IMP-criekTpockors

3eprxanacsl, Kazakcran;
“KIUIC Konmanbansl XUMUSI HHCTUTYThI, AcTaHa, KasakcraH;
SX. JlTocMyxaMesIoB aThIHAaFbl AThIpay YHUBEpPCHUTETI, AThipay, KazakcraH.
E-mail: Syerlan75@yandex.kz

X MYHA KEHIHIH MBICAJIBI BOWBIHIIIA METAHOJIJIBI
OH/IIPY YIIIH PECYPC YHEM/JIEY HPOLIECIH O3IPJIEY )KOHE
MOJEJBIEY

CarenoB Kypmer Fusarymiayinbl — XuMusi FUIBIMIAPBIHBIH KAHIHIATHI, KaybIMIACTHIPBLUIFAH
npodeccop, K. KyrmakaHoB aTblHAarbl Ka3ak TeXHOIOTHs KOHE OM3HEC yHHBEPCHTETi, AcTaHa,
Kazakcran; "KMI™ Umxuanpunr” XKIIC, Acrana, KazakcraH,

E-mail: K.Satenov@kmge.kz, https://orcid.org/0000-0000-0002-6396-913X;

280



ISSN 2224-5278 4.2025

Cyueiimen Epman Mencyiabl — XuMus FRUIBIMIAPBIHBIH KaHIuIatel, PhD, kaysIMIacTeIppUIFanH
npodeccop, K. Kymaxanos arsiamarel Kazak TexHomorust )koHe OWM3HEC YHUBEPCHTETi, AcTaHa,
Kazakcran; " KMI" Umxunupunr " XKIIC, Acrana, Kazakcran; L. Yonuxanos Ateinarsl Kexiieray
VYuausepcuteti, SIMP Cnexrpockormst 3eprxanacsl, Kekmeray, Kazakcran; "Konman6ansr Xumus
Wucturytsr" XKIIC, Acrana, Kazakcran,

E-mail: Syerlan75@yandex.kz, https://orcid.org/0000-0002-5959-4013;

MawmbiTéexkoBa [I'ymnyp Kyp0anaaueBHa — BeTepHUHApWs FHUIBIMIAPBIHBIH — MAarucrTpi,
K. Kynakanos arsragarst Kazak TexHomorus xoHe OnsHec yHHBepcuTeTi, ActaHa, Kasakcras,
E-mail: gulnur4284@mail.ru, https://orcid.org/0000-0002-3866-5003;

KanayoBa Antpinaii CaabIKKbI3bl — XUMHS FRUIBIMAAPBIHBIH KaHUIATHI, KaybIMAIACTRIPBUTFaH
npodeccop, X. JlocmyxamenoB ATeIHIArs! AThIpay YHHBEpCHTETi, AThIpay, KasakcraH,

E-mail: Skalauova@mail.ru, https://orcid.org/0000-0003-3024-6020.

AnHoTanus. MyHali-ra3 cajgachlH/ia METaHOJ, dcipece, Ta3 bl OHJICY, JaibIHIay
JKOHE TacChIMaJjiay KEe3iHJe TEXETIIl KbI3METIHJAe SFHU, TUAPATTap/AbIH TY3LIyiH
OonzpipMay/ia eTe KeHIHCH KOJJAaHBUIAbI. AJaiijia, METaHOJIbl TYPAKThI CaThII
aly MEH JKETKi3y KOFapbl ONepallMsUIbIK IIbIFBIHIApFa oKenemi. by 3eprreyne
batvic Kazakcranmarel “X” keH OpHBIHBIH ra3 eHnaey KouaslprbichiHaa (I'KIK)
METAHOJJIbI pereHepanusayAblH TEXHUKAIBIK MYMKIHAIIT MEH 3KOHOMHUKAJIBIK
THIMALTIT KapacThIpblIagsl. 3epTTeye METaHOJAbI KajlblHa KeNTIpYIiH apTypii
onictepi (pekrtudukanus, sxorapsl rpaBuTausibik 6oy (HiGee), MemOpaHanbix
0eJy) TajiaHbII, KapacThIpbUIFaH. Pextudukarms ofici >95% wmacc. Ta3albIKThI,
CEHIMJIUTIKTI )KOHE aBTOMATTaH/IBIPY/Ibl KAMTaMaChI3 €TETIH €H THIM/II 9JTiC PETiH/Ie
tagganael. Aspen HYSYS 14.0 Garnapnamaceiga Ilenr-PoouacoH-Crprkek-
Bepa (PRSV) ky#i TeHJeyiH KojJaHa OTBIPHIN, JXaHAa METAHOJbl KaJbIHA
kentipy KoHAsIpreICBIHBIH (MKK) mponecin monensaey xyprizinmi. Exi xymbic
Oapeichl KapacTeipbliabl: B, (50 m*/Toynik, MCE-z1e MeTaHon KOHLEHTPALMACHI
1,50%) xome B, (8 m*/roymik, MCE-ne Meranon konuenrpamusicel 1,31%).
Heri3ri »a0pIkTap (KbLUTyaIMaCThIPFBIIITAD, OyJIaHIBIPFRIIITAD, JeTa3alus )KOHE
pexrudukanya 6arangapel) Ti3iMi aHBIKTANIBI. KanuTan melFsIHIApEIH Oaranayaa
Aspen Process Economic Analyzer (APEA) xonmanbuigsl. 3epTrey HOTHXKeNepi
METAHOJJIbI KaJIblHA KEJTIPYy TEXHUKAJIBIK JKaFblHAH MYMKIH OOJIFaHMEH,
SKOHOMHUKAJIBIK TYPFBIZAH THIMCI3 €KeHIH KopceTTi. JKbUIABIK METaHOJ HIBIFBIMBI
570 1/%xmb11 (B,) xone 356 1/xb11 (B,) Kypaca, an MeTaHOJIIbIH HETi3ri OeJiri ras
JKOHE KOHJICHCATIICH Oipre yKorayiajpl. DKOHOMUKAJIBIK THIMAUTIK Tek MBC-nars
JKOFapbhl METAHOJI KOHIICHTPAIMICHIHIA HEMECE METAHOJJIBIH HApPBIKTHIK Oarachl
©CKeH/Ie 00JTybl MYMKiH. byJl 3epTTey MyHal-ra3 cajxachlH/ia METaHOJI bl KaJIblHa
KEJITipy MPOIeCTepPiH OHTANIAH/IBIPY/IA XKOHE Tai/lalaHy NIBIFBIHIAPBIH a3alTyia
©TC MaHbI3/IbI.

Tyiiin ce3gep: MertaHonnsl pereHepauusiiay, pextudukanusnay, ASPEN/
HYSYS, razner kemenai exjey KoHAbIpFbickl (CGTU), mMeTaHONIBI KalbIHA
kentipy KoHabIpreickl (MRU), runparTsl Texey
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AnHoTanus. B HedTerazoBoil orpaciu METaHOJ LIMPOKO HMPUMEHSETCS Kak
WHTUOUTOP THAPATOOOpa30BaHMs MpU JT0OBIYE, MOArOTOBKE M TPAHCIIOPTHPOBKE
raza. OpHaKo TIOCTOSIHHbIE 3aKyIKH M JIOCTaBKa METaHoJa MpPHUBOAAT K
3HAUUTEbHBIM JKCIUTyaTallHOHHBIM 3arpaTaM. B naHHO# pabore wmccnemyercs
TEXHUYECKasT M DKOHOMHYECKas I1eJIecCO00pa3HOCTh pereHepanuyd MeTaHoa
Ha yCTaHOBKe KoMmIulekcHOM moxaroroBku raza (YKIII) mecropoxaenns «X»
B 3amagHoMm Kaszaxcrane. Bpl1 mpoBeneH CpaBHUTEIbHBIN aHAIM3 TEXHOJIOTUIN
pereHepalMd  MeTaHoja: PEKTU(QHKALUS, BBICOKOTPABUTALIMOHHBIA  METOJ
(HiGee) u memOpannoe paznenenue. OnTuMaibHON TEXHOJIOTHEH Oblla MpU3HaHa
pexTuduKays, 00CCIeUNBAOIas BBICOKYI0 YUCTOTY MeTaHona (>95% wmac.),
HaJEeKHOCTh M aBTOMaTH3aluio. MojienupoBaHue Npolecca HOBOW YCTaHOBKHU
perenepanuu metanona (YPM) Beimonneno B Aspen HYSYS 14.0 ¢ npumenenuem
ypaBHeHus coctostaus [lenra-Poouncona-Crpukexa-Bepst (PRSV).
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Pacecmorpensr iga cuenapus: B, (50 m*/cyt. BMC ¢ 1,50% meranona) u B, (8 m*/cyT.
BMC ¢ 1,31% meTanona). OnpenerneH nepeueHs 000pyaoBaHus (TEII000OMEHHHUKH,
WCTIAPUTENH, KOJIOHHBI Jera3aluu U pekTudukanun). s OUeHKH KamuTaJbHbBIX
3arpar ucnonb3oBaH Aspen Process Economic Analyzer (APEA).
Pesynbrarsl Mokaszaiy, YTO pereHepanys METaHoJla TEXHUYECKH BO3MOXKHA, HO
SKOHOMHMUYECKH HelleJecoo0pa3Ha n3-3a HU3KOH KOHLECHTPALK METaHoIa B BOJAHO-
METaHOJIBHOM pacTBope. [ 010BO# BhIX0O MeTaHoIa cocTaBuT 570 T/T0] (Bl) u 356
1/rox (B,), a npu 5TOM 0CHOBHAS YaCTh METAHOJIA YHOCHTCS € Ta30M M KOHJIEHCATOM.
OxoHoMHuuecKas 3PPEKTHBHOCTH BO3MOKHA TOJBKO MPU BBHICOKOH KOHIEHTPALUU
MeTtaHoina B BMC win 3HaUMTENbHOM POCTE PHIHOYHOM LIEHBI MeTaHoMa. JJaHHbIe
WCCIICIOBAHUSI BaXKHBI JUI ONTUMH3ALMU MPOLECCOB PEreHepalud MEeTaHoja U
COKpAILCHHUS SKCIUTyaTallMOHHBIX 3aTpaT B He()TEra3o0BoOi OTpaciH.

KitroueBble ciioBa: pereHepanus Meranona, pektudukanust, ASPEN/HYSYS,
ycTaHoBKa KoMmIuiekcHoW moarotoBku rasa (YKIII'), ycranoBka pereHepanuu
Metanona (YPM), nuarubupoBanue ruaparooOpa3oBaHus

Introduction. In oil and gas production, treatment and transportation
technologies, gas hydrates because serious problems associated with disruption of
these operating processes. The traditional and basic method of combating hydrate
formation in the oil and gas industry is the use of a hydrate formation inhibitor -
methanol. Methanol is most widely used due to its higher inhibitory ability, which is
expressed in the maximum decrease in equilibrium temperature in comparison with
other thermodynamic inhibitors at the same concentration in an aqueous solution
(Heidaryan, 2010: 323; Hosseini, 2021: 5811; Satenov, 2024: 99; Tavakoli, 2016:
92; Zhang, 2023: 125824).

In order to optimize operating costs, by reducing the volume of methanol
purchases and its delivery to the point of use, methanol regeneration units are
integrated into the gas treatment process, while the economic efficiency and
feasibility of methanol regeneration is determined for each individual case,
considering the influence of various conditions and factors in the conditions present
at a particular enterprise.

The purpose of studying the methanol regeneration process is to determine
the technical feasibility and economic feasibility of regenerating methanol from
methanol-water solution (MWS) released during the preparation of well fluid at the
process units of the “X” field located in Western Kazakhstan. In order to determine
the technical feasibility of methanol recovery, it is necessary to review existing
recovery technologies and determine the most suitable technology. It is necessary
to determine the quality of the initial MWS, as well as the volume of purified
methanol yield. Assess capital costs for the construction of a new MRU and assess
economic efficiency.

Materials and methods of research. Currently, there are various methods that
allow methanol to be regenerated and returned to the process chain. A study was
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conducted of the advantages and disadvantages of various methanol regeneration
methods, including the following technologies:

- rectification (Bayazitova, 2023: 01024; Hajavi, 2016: 1201; Udugama, 2020:
1);

- high gravity method (HiGee Unit) (Pyka, 2023 a: 13274; Pyka, 2023 6: 5984;
Wang, 2024: 3641);

- method using water-selective membranes (Divakar, 2022: 44495; Fan, 2018:
012050; Teplyakov, 2022: 1176, Toth, 2015: 123; US4759850A, 1988;).

Based on the results of the analysis and processing of the data obtained, the
following points should be noted:

- from a technical point of view, the rectification method is a well-proven and
simple technology;

- it is characterized by a high degree of separation of components and many
offers on the market for various conditions, taking into account the characteristics
of the raw materials;

- when using the rectification method, the concentration of methanol at the outlet
from the MRU is achieved (at least 95 % wt.);

- the rectification method is characterized by high reliability, maintainability
and automation of modern units (Bayazitova, 2023: 01024; Hajavi, 2016: 1201;
Udugama, 2020: 1);

- for the high gravity method (HiGee Unit) there is no information about the use
of technology on an industrial scale, which makes it impossible to use this method
in the conditions of a CGTU (Pyka, 2023 a: 13274; Pyka, 2023 6: 5984; Wang,
2024: 3641);

- other technologies are characterized by a low concentration of the product at the
outlet (70 % methanol), for example, the method using water-selective membranes
(Pyka, 2023 a: 13274; Pyka, 2023 6: 5984; Wang, 2024: 3641).

Based on the above results of the analysis, the best practicable technology for
methanol regeneration is the MWS rectification process using additional equipment
for purification from mechanical impurities, salts, and H_S.

This conclusion is due to the following factors:

- well-proven technology;

- many offers on the market for various conditions, taking into account the
characteristics of raw materials;

- the concentration of methanol at the outlet from the MRU is achieved (at least
95 % wt.);

- high reliability, maintainability and automation of modern units.

The existing operating process of the CGTU at field X is represented by four
process lines (PL). PL-1, 2, 3 have an identical set of process equipment. The flow
diagram of the operating process of PL-1, 2, 3 is shown in Fig. 1.
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Figure 1. Block diagram of the operating process of process lines 1-3

4 Line has a minor difference, namely the presence of an additional separator,
which acts as the third separation stage (3rd Stage Separator), and an additional
heat exchanger (Gas/Gas Exchanger).

The block diagram of the operating process of PL-4 is shown in Fig. 2.

Currently, the total volume of methanol injected into the operating process from
the CGTU, together with reservoir water, is sent for injection wells (Figure 1,2).

The goal of this process modeling was to obtain the final methanol product at
the outlet of the new MRU with a purity of at least 95 % wt. and hydrogen sulfide
content not more than 1 ppm.

For the scenario designated as Base Case-1, or B, for short, a methanol
concentration of 1.50 % wt. was assumed and MWS consumption equal to 50 m?/
day. For the alternative scenario, designated as B, the methanol concentration in the
MWS was assumed to be 1.31 % wt. with a MWS flow rate of 8 m*/day. Indicators
for the scenarios were established during the study of data on laboratory analyzes
of MWS flows on four process lines of the CGTU for the X field. Process modeling
using the Aspen HYSYS program, designed to study the processes of preparing
oil and gas raw materials, allows us to evaluate the effectiveness of methanol
regeneration technologies (Halager, 2021: 108640; Mazumder, 2020: 2198).
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Figure 2. Block diagram of the operating process of process line 4

When process modeling a new MRU in the Aspen HYSYS program to

characterize the MWS at the inlet to the new unit, the compositions of hydrocarbons,
TSS and salts for both options were specified as follows (Table 1).

Table. 1. Composition and properties of hydrocarbons and MWS

Hydrocarbons composition

Mole fractions

Methane 0.0420
Ethane 0.0420
Propane 0.0699
iso-Butane 0.0420
n-Butane 0.0420
iso-Pentane 0.0559
n-Pentane 0.0559
n-Hexane 0.0629
n-Heptane 0.0559
n-Octane 0.0559
n-Nonane 0.0559
n-Decane 0.0699
n-Undecane 0.0699
n-Dodecane 0.0699
n-Tridecane 0.0699
n-Tetradecane 0.0699
n-Pentadecane 0.0699
Total 1.0000

The Aspen HYSYS software library allows you to create and define hypothetical

components. Therefore, in our case, due to the fact that a hypothetical component is
present in the MWS — a solid constituent, the properties of the component were set.
Kaolin with a molecular weight of 258 and a density of 2600.0 kg/m* was chosen
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as a hypothetical component. Process modeling of a new MRU at the CGTU of
the "X" field in Aspen Hysys V.14 software for two options was carried out based
on the rectification method according to the conclusions outlined above. In the
Aspen Hysys software package, the Peng-Robinson equation of state as modified
by Stryjek and Vera (PRSV) was used as a thermodynamic package, which more
accurately predicts the phase behavior of hydrocarbon systems, especially systems
consisting of dissimilar components (AACE International Recommended Practice,
2020; Stryjek, 1986: 323).

Results.

1. Modeling the new MRU.

When process modeling the new MRU, the need to remove such undesirable
components as hydrocarbons, salts, TSS and H,S from the input stream of the
MRU was considered. The design of the new MRU was supplemented with the
following equipment: a three-phase separator with a filter-coalescer for removing
hydrocarbons, a hydrocyclone for removing TSS, an evaporator for removing salts,
a stripping column for removing H_S.

The operating parameters of the stripping column for two options are shown in
Figure 3.

Stripping Gas
Temp 60,00 | C
Pressure 1,900 | bar
Mass Flow 15 | kgh
- Std Gas Flow 1,105 | STD_m3h
Sigeing Mass Frac (H20) | 00437
' Qcond. Mass Frac (H2S) 0,7822
Qond. | Pover 0,063 | kKW Mass Frac (Methanol) | 0,1740
Uty Type | Ai Mass Flow (Methanol) | 0,2640 | kgh
WMM Mass Flow | 450 | kgh Mass Flow (H2S) 1,1867 | kgh
toH2S
removal
WMM to H2S removal WMM to Dist.
o Dist.
Temperature 4500(C Qreb. g Vapour Fraction 0,0000
Pressure 2,000 | bar i = T f ;)736 c
Utity Type | LP Steam S :
Mass Flow 9074 | kgh Stripping Vass Fi 09387 | k Pressure 2,000 | bar
Liq Vol Flow @Std Cond 2171 [ m3d Tower sy | L7 g Wass Fi 8923 kgh
Master Comp Mass Frac (H20) 0,9481 Li Svso} s;::w @std Cond 2{30 mgs/d
Master Comp Mass Frac (H2S) 0,0131 M:ss Frac (H20 0 9.635
Master Comp Mass Frac (Methanol) | 0,0388 ngM Mass Fr 1H28)) GVDOOO
4 lass Frac 1
Mester Comp Mass Flow (H2S) | 1,1867 | kgh Dt Wass Frac (VMethand) | 00065
Master Comp Mass Flow (Methanol) | 3,5224 | kgh Mass Flow (Methanol) 3.2564 kgh
Mass Flow (H2S) 0,0000 | kgh

Figure 3. Parameters of the H,S removal stripping column of the new MRU

The parameters and compositions of the main inlet and outlet streams of the new
MRU are given in Table. 2-3.
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Table 2. Simulation results for new MRU
Parameter MWS to TSS | Mixture Salt Acid MeOH Water | Parameter
the new from the gas to the from the
MRU evaporator warehouse MRU
for injection
Steam fraction | 0.0000 0,0046 | 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000
fgmperamre’ 18.50 | 19.70 | 45.00 4500 | 130.08 | 49.34 45.00 45.65
Pressure, bara 78.00 2,70 2.55 2.55 2.40 1.90 1,55 65.00
Molar flow 1836 | 1836 | 0.01 2.64 0.08 0.14 0.12 15.46
rate, kmol/h
kMg‘/’}sls flow, 33629 | 33629 | 088 48,11 2.01 4.62 3.58 279.09
Volumetric
flow rate of
liquid at st. 0.33 0.33 0.001 0.05 0.002 0.01 0.004 0.27
conventional,
m’/h
Liquid
density atst. 11611 0> [ 1011.02 | 760.10 | 101370 |127838|  793.7 804.87 | 1016.23
conventional,
kg/m?
Table 3. Results on the composition of the main flows for option for new MRU
MWS TSS | Mixture Salt Acid MeOH Water
to the from the gas to the from the
Mass fraction new evaporator warehouse MRU
MRU for
injection
HO 0.9679| 0.9679| 0.9780| 0.5598 |0.0291 0,0500 0.9965
giy‘;)rocarbons €1 100033 00033 0.0000] 00000 [00549| 0000} 00000
Methanol 0.0131| 0.0131| 0.0128| 0.0001 0.0794 0.9500 0.0000
NaCl 0.0017| 0.0017| 0.0017 0.2200 0.0000 0.0000 0.0018
Na SO, 0.0017| 0.0017| 0.0017| 0.2200 |0.0000 0.0000 0.0018
H,S 0.0121| 0.0121| 0.0042| 0.0000 |0.8366 0.0000 0.0000
Kaolin 0.0002| 0.0002| 0.0016| 0.0000 |0.0000 0.0000 0.0000
Total 1.0000| 1.0000| 1.0000 1.0000 1.0000 1.0000 1.0000

2. Description of process of the methanol regeneration unit (MRU).
The methanol recovery unit consists of the following main components:
[] Input heater;
[] Input separator;
[] Heat exchanger;
[ Evaporator;
"I Stripping column for H,S removal;
[ Distillation column;
[] Air cooling units;

[ Water buffer tank;
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[] Water pump;

[] Methanol storage tanks.

The saturated MWS entering the Unit with a pressure of 2.7 bar and temperature
of 31.5 °C after the reducing valve is heated to 94.50 °C in the input heat exchanger-
heater MWS HEx-1 “steam-liquid”, to improve the separation of MWS from
hydrocarbons, enthusiastic from the process lines of the gas treatment plant. Heated
in HEx-1, the MWS then enters the V-102 separator-separator, equipped with a
coalescer filter for more complete removal of hydrocarbons from the MWS. The
pressure in the separator V-102 is maintained at 2.5 - 2.55 bara. The V-102 separator
is also used to remove light hydrocarbon gases if they have been captured by the
MWS flow. The captured hydrocarbons under their own pressure are periodically
discharged into the closed drainage system of the gas treatment plant, and the
MWS enters the hydrocyclone to remove total suspended solids (TSS), which are
discharged from the bottom of the hydrocyclone.

After the hydrocyclone, the MWS passes through the HEx-2 heat exchanger,
where its temperature rises to 105 °C before entering the evaporator. A tube bundle
is installed inside the evaporator, into which water steam or another heating medium
with a temperature of about 130-135 °C is supplied, which allows the temperature
of the MWS to be increased to 130 °C and transferred to the vapor phase. During
the evaporation process, salts are removed from the bottom of the evaporator in the
form of a brine solution. The MWS vapor stream leaving the evaporator preheats
the MWS input stream in HEx-1 and the pre-evaporator stream in HEx-2.

To remove dissolved H,S from MWS, since this component is extremely
undesirable in commercial methanol due to its high toxicity and corrosive properties,
a stripping column was installed. It consists of the column itself, as well as:

* the upper part of the column, including a condenser (air cooler or water
refrigerator), a reflux tank and a reflux return pump;

* the lower part of the column, which serves as a reboiler for heating the bottom
liquid (water vapor can be used as a heating agent).

It is also possible to use hot oil as a heating agent, or directly heat the bottom
liquid in a fire heater. These options will require fuel gas.

MWS with a pressure of 2 bara and at a temperature of 45 °C enters the upper
part of the stripping column. According to calculations, the temperature of the
upper product after the reflux tank will be 71.24 °C at a pressure of 1.9 bar. The
temperature of the bottom liquid at the bottom of the column will be 107 °C. H,S
with a small amount of water vapor (about 1.9-2 % wt. process) and a volume of
59.304 Sm3pd (79.2 kg/day) is discharged to a low-pressure flare. Since the volume
of gas after the stripping column is negligible, it does not have a significant impact
on greenhouse gas emissions.

The MWS from the bottom of the stripping column, having a temperature of
107 °C, enters the middle part of the distillation column. Methanol is regenerated
by rectification at a pressure of 1.9 - 2 bara and temperatures of 86 °C (top) and 120
°C (bottom of the column). The top product of the column is methanol with a purity
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of at least 95 % wt., the bottom product is water (99.99 % wt.) with a methanol
concentration of no more than 0.01 % wt. Water from the bottom of the column is
sent to the drainage system, and the regenerated methanol, after cooling in the air
cooler to 45 °C and passing through the reflux tank, enters the corresponding tank
for storing chemical reagents. A portion of the regenerated methanol after the reflux
tank is supplied by a reflux pump to the top of the reflux column.

Additional pumps for pumping product methanol into the storage tank and
bottom water into the drainage system are not required, since the flow pressure
is approximately 1.8 and 1.85 bara accordingly, which is sufficient for pumping.
Water from the bottom of the column, being a fairly pure product, can be returned
to the recycling cycle.

According to the process simulation, the methanol product meets the specification
requirements (Table 4).

Table 4. Methanol Product Specifications for new MRU

Methanol in warehouse Specification requirements

Temperature, °C 45

Pressure, bara 1.55

% methanol recovery 77.2

Mass flow, kg/h 3.58

Methanol, % wt. 95

Water, % wt. 5

H.S, % wt.

Discussion. The simulation results were used to estimate AACE Class 5 capital
costs (AACE International Recommended Practice, 2020).

Aspen Process Economic Analyzer (APEA) will be used to estimate the cost of
the methanol recovery plant. APEA uses links to an expert system to automatically
transfer Aspen HYSY'S process modeling results. APEA, Equipment’s sizes in the
proprietary built-in process modeling program, can be used to resize equipment and
enter values for non-standard equipment or design equipment sizes.

APEA forecasts cash flow and operating costs of competing technologies
and process parameters during the preliminary design process, automatically
enriching engineering models with the detail needed for economic evaluation and
subsequently leading to more informed capital investment decisions.

APEA evaluates alternative manufacturing facilities and locations. Plant
locations can be changed (from twenty-two different countries) and APEA’s plant
relocation technology will automatically validate design and cost parameters
including currency exchange rates, labor rates, manufacturing efficiencies, and
construction technology.

APEA estimates updated supply costs and costs of unit for each piece of
equipment based on the plant’s location around the world. Cost of the unit is
the total cost of all equipment, and plant cost is the total cost of all units (AACE
International Recommended Practice, 2020).
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The calculation of capital costs was carried out using the ASPEN Process
Economic Analyzer (APEA) software package based on modeling the operating
process of a new MRU at the X field, and a list of main equipment was determined
(see Table 5).

Table 5. Master equipment list

# Description Number of units
1 Inlet heater MWS 1
2 MWS heater in front of the evaporator 1
3 Air cooler MWS 1
4 Methanol product air cooler 1
5 Water air cooler 1
6 Stripping column condenser 1
7 Distillation column condenser 1
8 Stripping column reboiler 1
9 Reboiler distillation column 1
10 Water buffer capacity 1
11 Inlet separator MWS 1
12 Evaporator MWS 1
13 Reflux capacity of stripping column 1
14 Reflux tank of distillation column 1
15 Stripping column 1
16 Distillation column 1
17 Water pump 1
18 Stripping column reflux pump 1
19 Distillation column reflux pump 1
20 Methanol storage tank 1
Total 21

Based on the simulation of the operating process, the capital costs for the
purchase of a block-modular MRU unit were calculated, including the cost of main
equipment, materials and costs for the manufacture of modules.

Annual volume of recovered methanol:
* Basic option B, - 570 t/year;
« Alternative option B, - 356 t/year.

When determining the total cost of the project, taking into account the average
complexity and level of uncertainty at the current stage, based on the norms for
calculating capital costs, the following assumptions were made to increase the base
estimate:

* General and administrative expenses account for 15 % of the total procurement
and construction costs.

* Contingency costs account for 30 % of all cost items.
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* An allowance of 40 % is provided for potential unaccounted factors for the
items “Equipment” and “Construction and installation work”.
The results of calculating capital costs are presented in Table.6-7.

Table 6. Results of calculating capital costs when implementing the project

Engineering Total cost for Option 2, USD

Basic Design 626 943

Detailed design 1507 897
Equipment 4925 825
Manufacturing costs 1614 863
Construction and installation works 1919 150
General and administrative expenses 975 620

TOTAL FOR THE PROJECT 11570 297

Table 7. Results of economic assessment

Indicators Option 2
Cumulative volume of methanol production, thousand tons 3.74
Annual methanol production, t 356.00
Total cost of recovered methanol for the calculation period, million US dollars 4.04
OPEX MOD, million US dollars -1.36
CAPEX MOD, USD million -12.33
NPV @10, million US dollars -7.80

Break-even analysis

CAPEX, USD 1722 828
Methanol price, USD/t 6132
Methanol volume, t/g. 3010

The results of the economic assessment of the project with given forecast
operational and macroeconomic parameters, as well as cost assumptions, show the
following:

Positive results (NPV>0) with capital costs of no more than 2.6 million US
dollars (base case scenario) and 1.7 million US dollars (alternative scenario);

Positive results (NPV>0) with a methanol price of at least 5,172 US dollars per
ton (base case scenario) and 6,132 US dollars per ton (alternative scenario);

Positive results (NPV>0) with an annual methanol production volume of at least
3.2 thousand tons (base scenario) and 3 thousand tons (alternative scenario).

Conclusions. According to the results of the study, the construction of a MRU
within the existing operating process of the “X” field is not economically feasible
due to the low methanol content in the initial MRU.

However, the study allowed us to determine the following:

1. Rectification of MWS is by far the most developed and widespread technology.
There are a significant number of companies on the market that have extensive
experience in the design and manufacture of MRU using the rectification method.

2. From a technical point of view, the regeneration of methanol in the conditions
of the gas treatment unit of the “X” field is quite feasible. A prerequisite for methanol
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regeneration is the need for preliminary preparation of MRU with the mandatory
removal of hydrocarbons, mechanical impurities and acid gases.

3. The average annual yield of regenerated methanol at the specified volumes
of MWS and methanol concentration will be: according to the Basic option - 570 t/
year, according to the Alternative option - 356 t/year.

4. The low concentration of methanol in the MWS is due to the existing operating
process, which allows only a small amount of methanol to be recovered from the
process streams. The main volume of methanol is carried away with gas (about
15-20 %) and condensate (70-75 %).
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