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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.
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Научный обзор

Современные энергоэффективные и экологически безопасные 
технологии в газовой промышленности
К.Г. Сатенов1, Е.М. Сүлеймен1,2, Ж.А. Ташенов1

1КМГ Инжиниринг, г. Астана, Казахстан
2Казахский университет технологии и бизнеса, г. Астана, Казахстан

АННОТАЦИЯ
В свете стремительного развития «зелёной» энергетики с её переходом на возобновляемые 
источники энергии страны и крупные транснациональные нефтегазовые корпорации всё больше 
фокусируются на  прогнозировании глобальных сценариев потребности мировой экономики 
в углеводородных ресурсах. Эти прогнозы служат основным ориентиром для определения 
дальнейших стратегий развития. Газ, добываемый из природных источников, играет ключевую 
роль в мировой энергетике и международном топливном балансе. Главная задача строительства 
газоперерабатывающего завода – обеспечение казахстанских потребителей качественным 
товарным газом и повышение стабильности газоснабжения за счёт собственных ресурсов. 
Для соответствия техническим стандартам готовой продукции технологические цепочки 
газоперерабатывающих заводов должны включать в себя входные сепараторы, осушители газа, 
установки обессеривания и получения серы, системы газофракционирования, а также систему 
закачки кислого (сырого) газа. В данной статье представлен обзор новых технологий подготовки 
газа, используемых в процессах производства товарного газа. Описаны классификация  
и краткие характеристики систем обессеривания газа, включая абсорбционные, адсорбционные  
и мембранные методы. Также представлены различные типы цеолитов, используемые в системах 
осушки. Особое внимание уделено процессам закачки газа.
Ключевые слова: товарный газ, процесс осушки газа, установка очистки газов от кислых 
компонентов, закачка сырого газа, углеводороды, инспекция сосуда вне рамок капитального 
ремонта.
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Ғылыми шолу

Газ өнеркәсібіндегі заманауи энергия жағынан тиімді  
және экологиялық қауіпсіз технологиялар
Қ.Ғ. Сатенов1, Е.М. Сүлеймен1,2, Ж.Ә. Тәшенов1

1ҚМГ Инжиниринг, Астана қаласы, Қазақстан
2Қазақ технология және бизнес университеті, Астана қаласы, Қазақстан

АННОТАЦИЯ
«Жасыл» энергетиканың қарқынды дамуын ескере отырып, оның жаңартылатын энергия көздеріне 
көшуіне байланысты, барлық елдер мен ірі трансұлттық мұнай-газ корпорациялары негізінен, 
әлемдік экономиканың көмірсутек ресурстарына деген қажеттілігінің жаһандық сценарийлерін 
болжауға көбірек көңіл бөлуде. Бұл  болжамдар одан әрі даму стратегияларын анықтайтын 
негізгі нұсқаулық болып табылады. Табиғи көздерден алынатын газ, әлемдік энергетикада  
және отынның халықаралық балансында шешуші рөл атқарады. Газды қайта  өңдеу зауытын 
салудың басты міндеті-қазақстандық тұтынушыларды сапалы тауарлық газбен қамтамасыз 
ету және өз ресурстары есебінен газбен жабдықтаудың тұрақтылығын арттыру. Дайын өнімнің 
техникалық стандарттарына сәйкес болу үшін газды қайта өңдеу зауыттарының технологиялық 
тізбектері кіріс сепараторларын, газ кептіргіштерді, күкіртті күкіртсіздендіру және күкірт алу 
қондырғыларын, газ фракциялау жүйелерін, сондай-ақ қышқыл (шикі) газды айдау жүйесін қамтуы 
тиіс. Аталған мақалада тауарлық газды өндіру процестерінде қолданылатын газды дайындаудың 
жаңа технологияларына шолу жасалған. Абсорбциялық, адсорбциялық және мембраналық 
әдістерді қоса алғанда, газды күкіртсіздендіру жүйелерінің жіктелуі мен қысқаша сипаттамалары 
берілген. Кептіру жүйелерінде қолданылатын цеолиттердің әртүрлі түрлері де ұсынылған. Ерекше 
назар, шикі газ айдау процестеріне аударылады.
Негізгі сөздер: тауарлық газ, газды кептіру үдерісі, газдарды қышқыл компоненттерден 
тазарту қондырғысы, шикі газды айдау, көмірсутектер, күрделі жөндеу шеңберінен тыс 
ыдысты тексеру.
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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 H2S, water.
During gas treatment, the raw gas is subject 
to purification and drying.

1  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.

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.

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 (H2S and CO2) 
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)  
and recycle the recovered amine. SG with high hydrogen 
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]:
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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.

Figure 2. Vessel type slug catcher [6]

Figure 3. Finger type slugcatcher [7]

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, 

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].

Figure 4. Process flow diagram of gas production units with combined gas drying processes
NGL – Natural Gas Liquid
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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 (CaCl2, 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];
–  Chemical method – using hygroscopic rea
gents  [14]. Most units worldwide are based  
on the first two methods (Fig. 4).

Figure 5. Process flow diagram of gas production units with combined gas drying 
processes using molecular sieves

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].
There are chemical agents that ensure almost 
complete gas drying  [16]. These agents are very 
difficult or even impossible to regenerate [17].

Table 1. Basic brands of industrial zeolites

# Zeolites 
grades

Pore 
size, Å Sorbates

1 3A 3 small molecules – H₂O, NH₃

2 4А 4 small molecules – H₂O, NH₃, H₂S, CO₂, 
C₂H₄, C₂H₆, C₃H₈

3 5А 5
small molecules – H₂O, NH₃, H₂S, CO₂, 
C₂H₄, C₂H₆, C₃H₈, C₃………C₂₂, CCl₂F₂, 

C₂H₅OH

4 13Х 10
small molecules – H₂O, NH₃, H₂S, CO₂, 
C₂H₄, C₂H₆, C₃H₈, C₃………C₂₂, CCl₂F₂, 

C₂H₅OH, 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 
(CS2) 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 

process
Processes Advantages Disadvantages

Chemical 
absorption

Absorption 
by amines, 
Flexorb®, 
Benfield®

Low degree 
of equipment 

corrosion

Low efficiency 
of mercaptan extraction. 

Formation of heat 
stable salts with carbon 

dioxide

Physical 
absorption

Selexol®, 
Fluor 

Solvent®, 
Purisol®

Selective gas 
treatment 

from hydrogen 
sulfide and 

other sour gas 
components

Heavy energy 
consumption 
for absorbent 
regeneration

Hybrid 
absorption

Sulfinol®, 
Ucarsol®, 
Ecosorb®

Absorbents 
treatment 
of gases 

from hydrogen 
sulfide 

Heavy energy 
consumption 
for absorbent 
regeneration

Gas injection
Main process flows of the gas injection unit:
–  HP raw 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 to field metering 
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 m³ in 2025 and 41 billion m³ in 20304.
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  

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 deсree 
of the Republic of Kazakhstan dated December 27. 2023. N. 1202.

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) disappears5.

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.
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Figure 6. General block diagram of gas injection process
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