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ABSTRACT

With the rapid development of green energy and its transition to renewable sources, countries
and multinational oil and gas companies are increasingly focusing on forecasting global scenarios
of the world economy’s demand for hydrocarbon resources. These predictions serve as a key reference
point for determining future development strategies. Gas produced from natural sources plays
a key role in the global energy industry and in the international balance of fuels. The main objective
of the Gas Processing Plants construction is to provide Kazakhstan consumers with high-quality sales gas
and increase the stability of gas delivery at the expense of the country’s own resources.

In order to meet the technical requirements for finished products, the processing trains of the plant
should be equipped with inlet separators, gas dehydration units, gas sweetening unit and sour (raw) gas
injection system.

This article presents an overview of new gas treatment technologies used in the processes of sales gas
production. The classification and brief characteristics of gas sweetening systems, including absorption,
adsorption and membrane methods, are described. The different types of zeolites used in dehydration
systems are also presented. Special attention is given to gas injection processes.

Keywords: sales gas;, gas dehydration process; gas sweetening unit; sour (raw) gas injection;
hydrocarbons; Non-Turnaround Vessel Inspection.

To cite this article:

Satenov KG, Suleimen YM, Tashenov ZA. A Review on the Production Natural Gas Using Energy Efficient
and Environmentally Safe and Sound Technologies. Kazakhstan journal for oil & gas industry.
2025;7(3):32—-42. DOI: 10.54859/kjogi108801.

© 2025 Satenov K.G., Suleimen Y.M., Tashenov Zh.A. License CC BY-NC-ND 4.0



https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.54859/kjogi108801
https://doi.org/10.54859/kjogi108801

Becmuux neghmezazosoii ompacau Kazaxcmana. Tom 7, Ne3 (2025), c. 32—42

YOK 661.91-404
MPHTH 61.51.21

DOI: 10.54859/kjogi108801

Monyyena: 26.11.2024.
OpobpeHa: 20.05.2025.
Ony6nukoBaHa: 30.09.2025.

Hayu4HbIn 0630p

CoBpeMeHHble 3HeproagppeKTUBHLIE U IKONMOrMYecku 6esonacHble
TeXHOSIOrMM B ra3oBOM NPOMbILLNIEHHOCTH

K.I. CateHoB', E.M. Cynenmen'?, )X.A. TaweHoB'
KMI™ UnxxuHupuHe, 2. Acmara, KasaxcmaH
2Kasaxckuli yHugepcumem mexHonoauu u busHeca, 2. Acmara, KazaxcmaH

AHHOTALMUA

B cBeTe CTpeMuTenbHOro pasBUTMS «3eNEHOM» SHEpreTMkn C e€ MnepexogoM Ha BO30OHOBNSeMble
MNCTOYHMKN 3HEPTNM CTPaHbl U KPyMNHble TpaHCHaUMoHanbHble HedyTerasoBble Koprnopaummn Bcé bonbLue
OKyCHpYIOTCA Ha NPOrHO3MPOBaHUKM nobarnbHbIX CLUeHapueB MNOTPEOHOCTN MMPOBOW IKOHOMMWKM
B YIMeBOAOPOAHbIX pecypcax. OTU NPOrHO3bl ClyXaT OCHOBHLIM OPUEHTMPOM AN OonpeaeneHus
[anbHenwWwux crpaternin pas3sutus. a3, gobbiBaeMbll U3 NPUPOAHbLIX UCTOYHUKOB, UIPaET KIYEeBYHO
ponb B MMPOBOW 3HEpreTvke U MeXayHapogHOM TOMNUBHOM GanaHce. [MaBHas 3agadva cTpouTensCcTBa
rasonepepabatbiBatollero 3aBoga — obecrieyeHue KasaxCTaHCKMX noTpebuTenen KavyecTBeHHbIM
TOBapPHbIM ra3oM W MOBbILWEHWe CTabuNbHOCTM ra3ocHabXeHns 3a CYET COOCTBEHHbIX PEeCcypCcoB.
[na cooTBeTCTBUS TEXHUYECKMM CTaHdapTaM rOTOBOW MPOAYKUMW TEeXHOMOrmyeckne LenoyKu
rasonepepabaTbiBaloLLMX 3aBOAOB AOMKHbI BKMOYaTb B ce0A BXOAHbIE cenapaTopbl, OCyLUIUTENN rasa,
yCTaHOBKM obeccepuBaHUst U NOMyYeHUs cepbl, CUCTEMbI ra3oPakLMOHNPOBaHKSA, a Takke cuctemy
3aKaykun kucnoro (cblporo) rasa. B gaHHoOW cTaTbe npeacTaBneH 0630p HOBbIX TEXHOMOMMIA NOArOTOBKM
rasa, wucnonb3yemblx B npoLeccax Mpou3BoAcTBa ToBapHoro ras3a. OnucaHbl knaccudumkauus
N KpaTKne XapakTepucTuKM CUCTeM obeccepuBaHns rasa, Bkroyas abcopOLMOHHbIE, aacopOUMOHHbIE
1 MembpaHHble MeTogbl. Takke NpeacTaBneHbl pasfnnyHble TUMbl LLeoNUTOB, UCMOoNb3yeMble B CUCTEMAaX
ocyuwkun. Ocoboe BHMMaHWe yaerneHo npoueccamM 3akayky rasa.

Knroveenble criosa: mosapHbIl 2a3, MPpouecc OCYWKU 2a3a, yCrmaHOo8Ka OYUCIKU 28308 Om KUC/bIX
KOMIMOHEeHMO8, 3aKkayka Cbipo2o 2a3a, yereso0opolbl, UHCMEeKUYUsi cocyda 8He paMOK KanumarbHO20
peMoHma.

Kak umtupoBatb:

Camenroe K.I., CynelmeH E.M., TaweHoe X.A. CoBpeMeHHble 3HEPro3PEeKTUBHbIE U 3IKOFOMMYECKM
Ge3onacHble TEXHONMOrMM B ra3oBol NPOMbILLNIEHHOCTU // BecTHMK HedbTerazoBow oTpacnu KasaxcraHa. 2025.
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Fbinbimu wony

a3 eHepkacibiHAeri 3aMaHayu aHeprusa XxafblHaH TUiMAi
XX9He 3KOonoruanbIK Kayincis tTexHonorusanap

K.F. CateHoB', E.M. Cynenmen'?, )K.9. ToweHoB'
"KMI™ UHxxuHupuHe, AcmaHa Kanacel, KazakcmaH
2Kasak mexHoroausi xoHe 6usHec yHusepcumemi, AcmaHa Kanacbl, KazakcmaH

AHHOTALUMA

«Xacbln» aHepreTUKaHblH KapKbIHAbI AaMybIH eCKepe OTbIPbIM, OHbIH XXaHapTblNaTbiH SHEPrUs ke3aepiHe
KelyiHe GannaHbICTbl, 6apnblK engep MeH ipi TPaHCYNTTbIK MyHaw-ra3 Koprnopauusnapbl HerisiHeH,
anempaik 9KOHOMUKaHbIH KOMIpCyTEK pecypcTapblHa AereH KaXeTTiniriHiH ahaHablk cueHapuinepiH
bomkayra kebipek keHin Genyge. byn Gomkampap ogaH api gamy crpartervsnapbiH aHblKTanTbiH
Herisri Hyckaynblk 6onbin Tabbinagel. Tabwfn ke3gepdeH anbiHaTbiH ras, anemaik aHepreTvkaga
XOHe OTbIHHbIH Xanblkapanblk GanaHcbliHAa LWelywi pen atkapadbl. [as3apl kaWTa eHaey 3ayblTbiH
canyablH 6acTbl MiHAETI-KasakcTaHAblK TYTbIHYLWbINApAbl cananbl Tayaprnblk ra3beH kamMTamachi3
eTy XaHe e3 pecypcTapbl ecebiHeH rasbeH >xabablkTayablH, TYPaKTbiMbIFbIH apTTbipy. [daibiH eHiMHIH
TexHWKarnblKk cTaHaapTTapbiHa cavikec 6ony yuiH rasapl KanTa eHaey 3ayblTTapblHbIH TEXHOMOMUAMbIK
Ti3bekTepi Kipic cenapatopriapblH, ra3 KenTipriwuTepai, KYKIpTTi KyKipTCi3geHAipy >XaHe KyKipT any
KOHAbIPFbINapbIH, ra3 dppakuusinay xymenepid, CoHaan-ak Kpllkbin (LUMKI) ra3gbl angay xXymeciH kKamTybl
Tvic. ATanfaH Makanaaa Tayapsblk rasgbl eHAipy npouecTepiHae KonaaHbinaTthbliH rasabl AaibliHOayablH,
XaHa TexHororusinapbliHa wWwosy xacanfaH. AGcopbumsanbik, agacopbuusnbik xaHe MemGpaHanblk
aficTepai koca anfaHga, rasfbl KyKipTCi3geHAaipy XyMenepiHiH XKikTenyi MeH Kbickalla cunatramanapbl
GepinreH. KenTipy xynenepinae KkongaHblnaTtbiH LeonuTTepAaiH apTypni Typnepi e ycbiHbinFaH. Epexiwe
Hasap, LWuKi ra3 angay npouecTepiHe ayaapbinagbl.

Hezizzi ce3dep: mayaprnblk ea3, 2a30bl kenmipy yodepici, 2a30apibl KbiWKbl1 KOMIOHEHMMePOeH
masapmy KOHOBIPFbIChI, WUKi 2a30bl alday, Kemipcymekmep, Kypleri xeHOey weHbepiHeH mbIC
bIObICMbI MEKCePY.

[anekce3 KenTipy yLiH:

CameHos K.f., CynelimeH E.M., TeweHos )K.O. a3 eHepkacibiHaeri 3amMaHayyn 3Heprus xafblHaH TUimai
KOHe 3KOMorusinbIK kayincia texHonorusinap // KasakcTaHHbIH MyHal-ra3 canacblHblH xabapuubicel. 2025.
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Introduction

One of the characteristic features of gas production
in Kazakhstan is that at most large fields gas
is extracted as a by-product from the oil-gas mixture.
This leads to dependence of gas production volumes
on oil recovery rates.

More than 95% of all explored gas reserves
are concentrated in the western regions
of the country, with over 85% of these reserves
located in large oil and gas fields such as Kashagan,
Tengiz, Korolevskoye and Zhanazhol, as well
as in the Karachaganak and Imashevskoye oil
and gas condensate fields. The reserves
of the largest fields are as follows: Kashagan —
1,353 billion m3, Karachaganak — 741 billion m3,
Tengiz — 510 billion m34.

Design project of gas processing units strongly
depends on gas production compositions, product
specifications and environmental considerations.
The crude feed from Field to Gas Plant contains
solids, hydrocarbons (HC) and H,S, water.

During gas treatment, the raw gas is subject
to purification and drying.

The facilities of the gas treatment processing system
can be conditionally divided into 3 components [1]:
— Field and Gathering System;

— Onplots and Utilities;

— Offplots and Export Systems.

The gas treatment process flow diagram may
include the following equipment:

— Separation Unit;

— Desalination Unit;

— Stabilization Unit;

— Gas compression Unit.

— Blending and distribution of the High-Pressure
(HP) sour gas (SG) stream (which is the product
stream from Separation and Stabilization Units)
between the gas sweetening system and SG
Injection (SGI) facility;

— Sulfur recovery unit (Claus process);

— Tail gas cleanup unit, including SCOT (Claus Off-
Gas Treating Process)/Sulfren/Beavon/Superclaus
and etc. processes [2-3];

— HC liquids recovery unit;

— Sour (Formation) water treatment unit.

On flowcharts for gas treatment is shown in Fig. 1.
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Figure 1. General process flow diagram of the Gas Processing Plants
CPC —Pipeline; DE — Design Engineering; COS — Carbonyl! sulfide; RSH — Mercaptans

At the gas treatment unit, crude oil undergoes
separation, desalting and oil stabilization. Gas
is separated from oil in three consecutive separators
(high, medium and low pressure).

The high-pressure crude gas separated from
the oil is sent to acidic components (H,S and CO,)
gas removal with amine and amine regeneration.
The hydrogen sulfide-saturated amine solution
from the amine treatment unit is regenerated
to release hydrogen sulfide (by stripping)
andrecycletherecoveredamine.SGwithhighhydrogen
sulfide content coming out of the amine regenerator
is sent to the sulfur recovery unit. The sweet high-
pressure gas from the amine treatment unit is sent

to a fractionation unit to produce liquefied petroleum
gas (LPG) and sales gas, which is sent to the gas
pipeline.

Inlet separation

Inlet separation units perform several important
functions:

— Stabilization of crude and gas feeds from
the Field;

— Separation of crude into gas and liquid, which
are recombined in the HP Separator;

— Solids from the Slugcatcher will be removed
before Non-Turnaround Vessel Inspection.

The slugcatchers can be of two types [5]:

' On approval of the General scheme of gasification of the Republic of Kazakhstan for 2023-2030”. Order of the Minister
of Energy of the Republic of Kazakhstan dated September 29. 2023. N 350.
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— Vessel type;

— Finger type.

The Slugcatcher operates at 68 barg and 50-70 °C
under normal operating conditions.

Vessel type slugcatcher are simple vessel
for separation of two phases. Although
the separation efficiency of the vessel is not critical
for the slugcatcher, the vessel volume is important.
At the gas treatment unit, crude oil undergoes
separation, desalting and oil stabilization. Gas
is separated from oil in three.

The vessel must be large enough to accommodate
large liquid slugs that form in the pipeline, especially
when the pipeline pigging.
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Figure 2. Vessel type slug catcher [6]

Since oil and gas pipelines typically have very high
pressures, a large vessel must be designed for high
design pressures (Fig. 2).

Finger type slugcatchers solve the economic
problem of having to design a large buffer volume
for high design pressures. To create a buffer volume,

ey gas risers

Dry gas outlet

Figure 3. Finger type slugcatcher [7]

multi-pipe slugcatchers use large diameter pipe
pieces instead of a conventional vessel. Since
a pipe is easier to design to withstand high pres-
sures than a vessel, this design offers advantages
in terms of pressure resistance. However, a large
number of pipes are required to provide sufficient
volume, which increases the footprint of the finger
pipe slugcatchers (Fig. 3).

The natural gas after the slugcatchers moves
to separation to remove free water, next gas goes
to gas sweetening unit.

Gas dehydration

Produced natural gas contains moisture, which
adversely affects the processing and transportation
processes, in particular, some hydrocarbons
in the presence of water can form hydrate deposition,
which leads to a reduction in the cross-sectional
area of pipelines and valves, which can, in the case
of complete blockage of the cross-section, cause
an emergency situation [4].
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Figure 4. Process flow diagram of gas production units with combined gas drying processes
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Water from gas may be removal through physical
methods such as adsorption, absorption, memb-
ranes, condensation with using cold, also chemical
methods (CaCl,, etc.) and their different combinations.
Following methods, ordered by popular appeal
in this list, can be used for commercial purposes:

— Absorption — glycol dehydration [8—11];

— Adsorption — zeolites, silicagels [12];

— Condensation — process with injection of hydrate
inhibitors [4];

— Membranes — based on polymers or glassy
polymers [13];

Process flow diagram of gas production units with
combined gas drying processes using molecular
sieves is shown in Fig. 5.

The adsorption method of drying is based
on the use of solid adsorbents. The role of solid
adsorbents can be used zeolites, silica gels.
The selectionof adsorbents depends on the gas
compositions, as it may contain substances
that have a negative effect on the adsorbent, such
as a higher hydrocarbon.

Tab. 1 summarizes the main brands of zeolites
adsorbed by them [15-16].

— Chemical method — using hygroscopic rea- There are chemical agents that ensure almost
gents [14]. Most units worldwide are based complete gas drying [16]. These agents are very
on the first two methods (Fig. 4). difficult or even impossible to regenerate [17].
Sales gas
Propane
>
Dewpoint control Distillation Butane
Ca+
P Acid gas Sulphur
Gas injection Gas Treatment Sulphur
Gas
dehydration unit Recompression
Field plant | ]
; Raw oil
: Gathering system !
Production well > . ol Inlet Separator Crude -
eine vl P Stabilization

Figure 5. Process flow diagram of gas p

roduction units with combined gas drying

processes using molecular sieves

Table 1. Basic brands of industrial zeolites

# Zeolites I_’ore Sorbates
grades | size, A
1 3A 3 small molecules — H,O, NH;
small molecules — H,0, NH;, H.S, CO,,
2| 4 4 CaHs, CaHa, CaHe
small molecules — H,0, NHs, H,S, CO,,
3 5A 5 C;Ha, CoHe, C3Hg, Cs........ Cz,, CClF,
C,HsOH
small molecules — H,O, NH3, H,S, CO,,
4 13X 10 C;H,, C;He, C3Hg, Cs......... C32, CCl,F,
C,HsOH, ethanol homologues

Gas sweetening process

For gas sweetening usually, next technologies

are used:

— Regenerative absorption;

— Regenerative adsorption;

— Separation of sour gas on membranes;

— Non-generative approaches.

The select of the Best Available Technique depends
on a number of factors:

— Concentration of sour gas components in the feed-
stock;

— Feedstock flowrate;

— Process pressure;

— Environmental requirements and others.

To achieve sales gas specifications, a combination
of several methods is used in some cases [18].
Absorption processes for gas sweetening remain
the most cost-effective for large-capacity sales gas
production. There are many variations processes,
organized into three groups [19-20]:

— Chemical absorption processes;

— Physical absorption processes;

— Processes with physical-chemical absorbents.

In chemical absorption processes, sour gases dissolve
in the absorbent and then react chemically with it.
Absorbents interact with hydrogen sulfide, carbon
dioxide and, to some extent, with carbon disulfide
(CS,) to form water-soluble salt and water.

The best-known amines are used following gas
sweetening processes:

— Monoethanolamine;

Diethanolamine;

Triethanolamine;

Diglycolamine;

Diisopropanolamine;
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— Methyldiethanolamine.

Mono- and diethanolamine have the maximum
practical application.

The most common physical solvents for gas
sweetening processes are Polyethylene Glycol
Dimethyl Ether, methanol, N-methyl-2-pyrrolidone
and propylene carbonate [21-22].

As noted in articles [23—24], physical absorbents
have a lower specific flow rate in relation
to the gas flow rate compared to amine solutions.
Fine gas cleaning by physical solvents will require
the addition of additional treatment steps.
Absorption processes for the gas treatment
are described in more detail in articles [25-27].

The main sweetening processes of natural gas
are shown in Tab. 2.

In the production sales gas as fuel, the gas
from sweetening unit must be subjected to fine gas
cleaning by additional processes [28].

Table 2. Absorption treatment of gases from sour

compounds
Name
of the Processes Advantages Disadvantages
process
Absorption Low efficiency '
. " Low degree  |of mercaptan extraction.
Chemical | by amines, ) )
X o of equipment Formation of heat
absorption |  Flexorb®, . N
e corrosion stable salts with carbon
Benfield oy
dioxide
Selective gas
Selexol®, treatment Heavy energy
Physical Fluor from hydrogen consumption
absorption |  Solvent®, sulfide and for absorbent
Purisol® other sour gas regeneration
components
Absorbents Heavy ener
. Sulfinol®, treatment Y energy
Hybrid © consumption
- Ucarsol®, of gases
absorption o for absorbent
Ecosorb' from hydrogen .
sulfide regeneration

Gas injection

Main process flows of the gas injection unit:

— HPraw gas to the inlet of the injection compressor;
— Compressed HP raw gas for injection;

— Sales gas to feed the turbine and seal gas
COmpressors;

— Hydrocarbon condensate
stations.

Since 2004, Kazakhstan has been implementing
gas injection programs using associated petroleum
gas to maintain reservoir pressure [29-31].
The projected volumes of sour gas injection will
be 31.7 billion m® in 2025 and 41 billion m* in 2030*.
The associated raw gas intended for injection
is dried to remove all water and heated
so that the gas temperature at the compressor
inlet is above the hydrocarbon dew point. During
normal operation, this prevents the formation

to field metering

of hydrocarbon liquid in the pipeline and deposits
in the sludge trap on the compressor station
raw gas line. However, condensation cannot
be avoided during start-up, shutdown and other
cases where the pipeline temperature drops.
Therefore, in such cases, provision is made
to remove the sulfur-containing liquid if necessary.
Liquid condensate accumulated at the compressor
station is returned back to processing through
the central field manifold. Injection compressor
including the three-stage turbine-driven injection
compressor, the interstage knockout drums
and air-cooled heat exchangers, seal gas comp-
ressor system and fuel gas conditioning skid.

The gas injection process is shown in Fig. 6.
Injection of gas back into the oil reservoir allows
increasing oil recovery. Operation of the SGI
at the Tengiz field provides about 25% of the total
Tengizchevroil oil production [32].

Gas injection also ensures maintenance of reser-
voir pressure, while the need for associated
gas utilization (processing, storage and sale
of by-products, sulfur recovery from hydrogen
sulfide) disappears®.

Conclusion

This scientific article analyzes modern gas
treatment and dehydration technologies used
in natural gas production process. The paper
classifies and briefly reviews the characteristics
of purification systems, such as absorption,
adsorption and membrane systems, and considers
different types of zeolites used in dehydration
plants. A special place in the study is given to gas
injection technologies.

It is shown that energy efficiency of natural gas
purification and dehydration processes depends
on the use of a particular type of adsorbent,
and also depends on the conditions of the process,
primarily on the water content of the gas entering
the plant and the thermal regime of the dehydration
process.

The kinetics of the process is affected by adsorbent
granule sizes, also resistance of the adsorbent layer
increases. Small adsorbent particle size improves
the kinetics process, but at the same time upgrades
the layer resistance.

The most important parameter determining
the absorption capacity of the desiccant layer
is the relative gas humidity. The higher

the relative humidity, the higher the adsorbent
activity. At longer contact time “gas-adsorbent”,
and, consequently, lower gas velocity, the depth
of drying and the duration of the layer operation up
to the moment of slip increase.

For the achievement of the very low dew point
of the dehydrated gas, deeper adsorbent
regeneration is required, which is realized by using
desorption process of the dry gas.

4 On Approval of the General Scheme of Gasification of the Republic of Kazakhstan for 2023 — 2030. Order from the Minister
of Energy of the Republic of Kazakhstan dated September 29. 2023. N 350.

5 Handbook of Best Available Techniques “Oil and Gas Production”. 5.9.2 Gas injection into the reservoir. Government decree
of the Republic of Kazakhstan dated December 27. 2023. N. 1202.
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Figure 6. General block diagram of gas injection process
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