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Abstract:

Optimizing energy efficiency in gas-sweetening processes is crucial for reducing operational costs and improving
environmental sustainability. This study introduces a novel approach to optimize the amine regeneration process,
a critical component of gas sweetening operations, at the Mellitah gas plant. Using Aspen HYSYS software, a
simulation model was developed and validated against actual plant data, achieving an absolute error of less than
1%, thereby confirming its accuracy. The optimization strategy is based on an innovative modification of the
process flowsheet by incorporating a side draw stream on Tray 12, with flow rates ranging from 1000 to 6000
kgmol/h. New equipment, a heat exchanger (HX-101), and a flash separator (\V-102) were integrated into the gas-
sweetening process to enhance efficiency. HX-101 effectively reduced carbon dioxide (CO:) concentration in the
liquid side draw, while VV-102 facilitated efficient phase separation. Analysis of side draw flow rates demonstrated
significant energy savings. At a side draw flow rate of 6000 kgmol/h, the reboiler duty was reduced by 18% and
the condenser duty by 5%. Additionally, increasing the side draw flow rate showed further potential for energy
savings. These findings highlight the feasibility and effectiveness of this novel process modification, which is
recommended for implementation at the Mellitah gas plant. This innovative optimization reduces energy
consumption and operational costs and enhances the overall efficiency and sustainability of the amine
regeneration process in gas sweetening operations.
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1. Introduction

The treatment of natural gas is a crucial element within the global energy sector, facilitating the
transformation of raw natural gas into a clean, efficient, and environmentally compliant energy resource that is
ready for distribution and use [1, 2]. Central to this process is the removal of impurities such as sulfur compounds,
water vapor, nitrogen, and carbon dioxide (CO). This not only helps meet strict industry standards but also
minimizes environmental impacts by reducing pollutant emissions during combustion [3, 4]. Among the various
treatment processes, gas sweetening plays a vital role. It selectively removes acidic gases, primarily hydrogen
sulfide (H2S) and CO.. These gases, which are often found in raw natural gas, present significant operational,
safety, and environmental challenges [5]. HzS and CO: in natural gas can substantially complicate its safe use and
commercial distribution; H.S, being a highly toxic and corrosive gas, threatens the safety of personnel and
operations. Furthermore, it causes deterioration of pipelines and equipment, thereby increasing maintenance costs
and operational risks [6]. Similarly, CO: (although non-toxic) diminishes the heating value of natural gas and
worsens corrosion, especially when water is present. This situation poses a considerable threat to pipeline integrity
and fuel efficiency [7]. To address these challenges, it is crucial to remove such acidic gases through effective
gas-sweetening technologies; this is essential for producing pipeline-quality gas that adheres to rigorous
environmental standards, market demands and safety regulations [6, 8].

Throughout the years, numerous methodologies for removing H.S and CO: have been conceptualised and
executed, each presenting distinct advantages and inherent limitations contingent upon various factors, including
gas composition, operational conditions, and economic viability. Standard techniques encompass the amine gas-
sweetening process, physical solvents, such as Selexol and Rectisol, adsorption strategies utilising solid
absorbents like activated carbon and molecular sieves, and sophisticated membrane-based separation technologies
[8, 9]. The amine gas-sweetening process has become the most widely adopted and commercially feasible
technology, primarily because of its remarkable efficiency, scalability, and adaptability to diverse gas
compositions and processing conditions [10]. This sweetening process capitalises on the chemical absorption
properties of certain amine compounds to selectively eliminate acidic gas constituents from the natural gas
stream [11]. Among the amines frequently employed in this context are monoethanolamine (MEA),
diethanolamine (DEA), and methyl-diethanolamine (MDEA), all of which possess distinctive performance
attributes tailored for specific applications [12]. However, while these compounds are effective, selecting a
particular amine often depends on the specific operational requirements and economic considerations. MEA,
recognized as a primary amine, exhibits a notable degree of reactivity and is, in fact, particularly adept at
eliminating both H2S and CO: under conditions of low partial pressure. However, it is susceptible to elevated
corrosion rates and increased energy demands for its regeneration [13]. On the other hand, DEA, classified as a
secondary amine, demonstrates enhanced selectivity and diminished degradation, rendering it more suitable for
demanding applications [14]. MDEA, a tertiary amine, is widely esteemed because of its low energy requirements
for regeneration, substantial resistance to thermal degradation, and mitigation of corrosion issues. This makes it
especially beneficial when partial CO: removal is permissible [15, 16].

Advanced amine preparations containing mixtures of traditional amines with additives or activators can
enhance performance and significantly expand the applicability and effectiveness of chemical absorption
technologies [12]. Studies have indicated that adding activators such as piperazine (PZ) in MDEA systems can
improve the kinetics of CO. absorption. The enhancement increases the rate of processing and thus reduces the
energy demand during regeneration [17]. Moreover, those new solvent systems can be combined with optimized
process designs, such as split-flow configurations or heat-integrated regeneration systems, to decrease energy
consumption and increase operational efficiency [18]. However, despite their widespread application, amine-
based sweetening systems still have numerous inherent challenges. These challenges include high energy demands
for solvent regeneration, solvent losses due to degradation or foaming, and problems related to the environmental
impacts of the waste streams from the process [19]. Although good progress has been made, the complexity of
these issues calls for continued research and innovation to solve these and other pressing matters. These have been
the theme of constant study, particularly in the development of sustainable and energy-efficient methods of gas
processing. However, the complexity of such issues demands a multifaceted approach. This becomes a necessity
since the consequences of such are more than mere technical innovations. While much knowledge has already
been gained in this area, further research is needed to ensure practices are aligned with current needs and anticipate
future needs [20].
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MDEA has become more prominent in gas-sweetening operations because of its greater stability, lower
regeneration energy use, and lesser tendency to corrode [21]. It is especially suited for applications where
complete CO: removal is unnecessary, making it an ideal choice for gas plants like Mellitah, where partial acid
gas removal suffices [4]. Nevertheless, despite these advantages, MDEA gas-sweetening systems are
characterized by high energy consumption, particularly during the amine regeneration process [22]. The
regeneration column, responsible for recovering the amine solution, is a highly energy-intensive component of
the gas-sweetening process, requiring significant heat input for solvent regeneration and cooling. This results in
elevated operational costs and increased environmental impacts, underscoring the critical need for process
optimization [22, 23]. The research showed that optimizing MDEA concentration and using activators could lead
to significant savings in energy consumption, up to 76.8% for reboiler energy requirement with some activator-
promoted mixtures [22, 23]. While progress has been made in the process, intrinsic energy intensities of MDEA
systems remain a great challenge, thus highlighting the continued need for further research in the direction of
more efficient solvent formulations and novel operating approaches that will minimize energy requirements and
alleviate environmental burdens.

Although incremental measures, such as fine-tuning operating parameters and optimizing temperatures and
flow rates can yield minor improvements in energy efficiency, researchers are increasingly highlighting that
significant energy savings are more closely associated with structural and technological upgrades [24]. These
strategies include adopting advanced process flow sheet configurations (e.g., heat integration and low-pressure
steam use) and modifying column internals to enhance mass and heat transfer efficiency [25]. For instance,
deploying high-performance packing materials or advanced trays notably enhances stripping efficiency, thus
enabling lower energy input for solvent regeneration [26]. Additionally, exploring next-generation amine solvents
has emerged as a viable avenue for achieving meaningful energy reductions. Alternative solvents, including blends
of amines with higher selectivity or lower regeneration energy demands, are currently being tested in pilot-scale
operations with promising results [27]. These developed solvents often exhibit lower heat duty requirements for
CO: desorption, making them attractive candidates for large-scale adoption. However, implementing such
innovations requires careful consideration of their economic and operational implications [28]. Moreover, the
integration of comprehensive process control methodologies, coupled with the utilization of simulation
instruments to forecast energy trajectories, can assist in uncovering latent inefficiencies; thus, it can yield
actionable insights for sustained optimization [28]. However, one must consider the variability inherent in such
systems. Although the potential for improvement is significant, executing these strategies can be complex because
it requires a nuanced understanding of both the technology and the underlying processes. This multifaceted
approach enhances efficiency and promotes a more resilient operational framework.

The Mellitah gas plant, an essential facility dedicated to gas-sweetening processes, employs MDEA as its
principal solvent for extracting acid gases, including H.S and CO: [4]. One of the prominent challenges
confronting the Mellitah gas plant resides in the considerable energy consumption linked to the amine regeneration
process, which is a notably energy-intensive phase necessary for the recycling and reuse of the amine solvent.
This high energy demand not only escalates the plant's overall energy consumption but also markedly inflates
operational costs, presenting a dual challenge to economic viability and environmental sustainability.
Consequently, addressing these challenges through energy optimization within the amine regeneration process
has emerged as a critical priority, given that research indicates such enhancements can significantly diminish
energy usage and costs while preserving consistent system performance. However, although incremental
strategies, such as meticulous modifications to operating parameters, might yield some modest benefits, their
impact is ultimately inadequate to tackle the enormous energy expenses associated with the regeneration process.
Instead, realizing substantial energy savings necessitates more transformative procedures. Advancements in
chemical engineering, particularly the adoption of innovative process flow sheet configurations (heat integration
systems) and upgrading column internals with high-efficiency trays, can significantly enhance heat and mass
transfer. Consequently, this reduces the energy intensity of regeneration operations. However, it is essential to
consider the implications of these changes on overall system efficiency and sustainability. Although
improvements are evident, the complexities involved in implementation must not be overlooked because they can
influence operational stability and cost-effectiveness.

This study aims to investigate a targeted, innovative process modification and examine the feasibility of
diminishing energy consumption within the amine regeneration process at the Mellitah gas plant. The proposed
optimization process which is crucal prioritizes energy conservation while maintaining the effectiveness of gas-
sweetening operations; this creates a pathway toward enhanced efficiency and sustainability. Specifically, this
research pursues two primary objectives. First, the Aspen HYSY'S simulation software models and validates the
current amine sweetening and regeneration processes at the Mellitah gas plant. Second, the study aims to propose
and subsequently evaluate modifications to the process flow sheet configuration of the amine regeneration system
to forecast potential reductions in energy consumption and, consequently, associated operating costs. Furthermore,
this study supports the broader goals of achieving sustainable and cost-effective natural gas production, addressing
the energy demands of the amine regeneration process. However, it is essential to note that the challenges inherent
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in implementing these modifications may arise because the balance between operational efficiency and energy
conservation is delicate. Although the proposed changes may yield significant benefits, their practical application
must be examined closely to ensure effectiveness. The optimization process derived from this research
significantly enhances operational efficiency in gas treatment plants and aligns with the global imperative,
minimizing the environmental impacts of energy production. This work represents a crucial step toward
integrating energy-efficient solutions into natural gas processing. Although the benefits are tangible for industry
stakeholders, they also extend to the environment because the implications of such advancements are profound.

2. Evaluation of raw gas properties and processing conditions

The gas stream emanating from the Mellitah gas plant embodies a multifaceted amalgamation of
hydrocarbons and impurities, significantly shaping the facility's design and operational paradigms. Methane,
constituting approximately 70% of the overall composition, is the principal energy carrier and the most
economically valuable component. Its elevated concentration renders the gas stream particularly amenable to
various applications, including liquefaction for liquefied natural gas (LNG) production and pipeline
transportation, thereby solidifying its status as a vital product within both domestic and international markets.
However, this gas stream also harbours approximately 15.7% carbon dioxide (CO2), an unwelcome impurity that
diminishes the heating value and has the potential to instigate corrosion [29]. To counteract this issue,
implementing CO- removal technologies, such as amine-based absorption, becomes imperative to satisfy quality
benchmarks and sustain operational efficiency. Similarly, nitrogen (N2), which is present at an estimated 4.6%,
serves to dilute the calorific value of the gas. This inert component necessitates separation processes, such as
cryogenic distillation, to ensure the gas remains suitable for energy applications or liquefaction endeavours.
Furthermore, the detection of 1.3% hydrogen sulfide (H=S) categorises the gas as sour, thereby necessitating
immediate remediation. H2S is both toxic and corrosive, posing significant risks to environmental integrity and
infrastructural stability.

Sour gas sweetening processes exemplified by the Claus process are indispensable for effectively eliminating
this impurity and safeguarding plant equipment while complying with environmental regulations. Furthermore,
trace quantities of heavier hydrocarbons (including ethane, propane, butanes and pentanes) augment the energy
content of the gas. These components possess considerable value as natural gas liquids (NGLs); they can be
extracted through cryogenic distillation, thus enhancing the economic viability of the plant's operations. However,
although the presence of water vapour is minimal, its removal is paramount because it mitigates the risk of hydrate
formation, which can obstruct pipelines and disrupt operations. Dehydration systems such as glycol dehydration
are therefore implemented to ensure a consistent and stable gas flow. Furthermore, the operational conditions
governing the gas stream, especially temperature and pressure are crucial in the processing phase. The gas is
subjected to a temperature of 30°C, which not only aids in maintaining stability but also prevents any potential
phase transitions. The pressure, calibrated at 3950 kPa, significantly improves impurity removal efficiency and
facilitates the effective separation of hydrocarbons. However, the elevated molar flow rate of 14,388 kgmol/h
accentuates the necessity for a resilient processing infrastructure. This is because the Mellitah gas plant
requirement implements large-scale compression, separation and purification systems to manage this considerable
volume adeptly, ensuring that the gas conforms to industry specifications. Although challenges abound, the
meticulous design of these systems is essential for operational success.

3. Description of amine sweetening and regeneration process

The amine gas treatment process designed for the Mellitah gas plant is a sophisticated system that meets
stringent pipeline gas requirements, especially regarding the contents of H,S and CO,. Specifically, it is required
that the gas have a CO; content of less than 2% by volume and an H,S content of less than 5 ppm [30]. Continuous
absorption with a 50% wt achieves such a high purity requirement. MDEA (Methyl Diethanolamine) solution. A
significant characteristic of the MDEA solution is its swift interaction with H.S, coupled with a comparatively
slower interaction with CO», which facilitates the efficient elimination of these contaminants [31].

The process begins by preheating the raw natural gas in the sweet/raw heat exchanger (S/F HE-100) and then
sending it to the separator (S-101). The separated gas is then sent to the absorber (\VV-100), where a 50% weight
MDEA solution is introduced. In the absorber column, which contains 34 trays and operates under high pressure,
H,S and CO; are eliminated through chemical reactions, leaving a sweet gas free of these contaminants. The sweet
gas is then cooled in the sweet gas cooler (C-102) and the raw/sweet gas heat exchanger (S/F HE-100) before it
goes to the gas dehydration unit to remove entrained water. At the same time, the byproduct formed from the
absorption column, which has a high content of H,S and CO,, is known as the rich amine solution. This stream
undergoes a pressure drop through the throttling valve before it flows into the flash separator (S-102), separating
and removing free gases, mainly hydrocarbons. This amine solution is heated in the rich/lean amine heat
exchanger (A/A HE-100) due to heat exchange from regenerated lean amine. The preheated, concentrated amine
is then fed into the central tray of the amine regeneration column (V-101), where the MDEA s stripped from the
acid gases and dissolved hydrocarbons. The lean amine solution, taken from the bottom part of the regenerator, is
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first cooled in the rich/lean amine heat exchanger (A/A HE-100) and further cooled in the lean amine cooler (C-
100) until it reaches the temperature of the amine solution entering the absorber column. The lean amine, now
cooled, is then re-circulated back into the absorption column.

Figure 1 depicts the detailed gas sweetening procedure employed at the Mellitah gas facility, highlighting the
complex stages involved. This meticulously engineered process guarantees that the resultant sweet gas product
complies with the stringent pipeline gas standards necessary for both distribution and utilisation.

$-100 SFHE.-100 C-100 5-102 V-100 Cc-102 AAHE-100  Re- 100 w.in1 P-100
Feed Separator  Sweet gas /Raw gas  Lean Amine Rich Amine Absorber Sweet Gas Cooler Amine/Amine Be-boller Regenecator Lean Amine Punp
Heat Exchanger Cooler Separator Heat Exchanger
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Figure 1. Amine sweetening process at Mellitah gas plant [32]

4. Simulation of the amine sweetening process at Mellitah gas plant

The amine sweetening and regeneration system at the Mellitah gas plant was simulated using Aspen HYSY'S
software, as shown in Figure 2. The model was developed based on the actual flow diagram of the plant to
represent its operating realities closely. The principal components of the system include an absorption column, a
regeneration column, a heat exchanger, a flash separator, pumps, mixers, and additional cooling and water make-
up units. This configuration allows for the efficient removal of acid gases from sour gas and simultaneously
enables the regeneration of amine solvents with high reusability. A 50 wt.% MDEA solvent was used where the
acid gas-chemical solvent mixture was applied to predict thermodynamic properties accurately.

The process initiates when sour gas enters the system via the absorption column Absorption Column-100
where it comes in contact with lean MDEA. The column operates at a pressure of 3950 kPa and a temperature of
30 °C, optimized conditions for efficient acid gas removal. The lean MDEA solvent is fed into the system using
a lean amine pump, which is preheated to 50 °C to enhance the interaction between the gaseous and liquid phases.
To ensure sufficient contact for the effective absorption of acid gases, the lean MDEA 's flow rate is 2.5 times that
of the sour gas flow rate. This design allows the lean solvent to absorb acidic components, such as Ha2S and COx,
while the treated sweet gas is released through the top of the absorption column for further processing. The rich
amine solution, now loaded with absorbed acid gases, is let down from the bottom of the absorption column and
flows to further treatment in the flash separator (\V-100). This unit removes dissolved hydrocarbons and lighter
components through vapour disengagement and then directs the resulting vapour stream to recovery or
downstream processing. The liquid-rich amine solution is then preheated in the amine-amine heat exchanger
(Amine HX-101), where it transfers heat with the lean amine coming from the regeneration system. This stage
improves energy consumption, with a recorded temperature difference of 37 °C on the rich side and -50 °C on the
lean side, significantly influencing the entire system's total energy efficiency. The preheated, concentrated amine
solution is fed to the regeneration column (Amine Regen Column-101) designed and engineered with 18 trays for
efficient thermal desorption and enhanced mass transfer between the liquid and vapor phases. The column is
operated at carefully controlled conditions: feed temperature at 103 °C and pressure at 637 kPa, while the bottom
pressure is maintained at 210 kPa with a minimal pressure drop of 2 kPa [30]. These conditions are optimized for
releasing acid gases, mainly H.S and carbon CO: absorbed during sweetening. The concentrated amine solution
is heated in the regeneration column to strip the absorbed acid gases effectively. The released H.S and CO: are
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removed from the top of the column and then sent for further processing or disposal methods that may involve
flaring, sulfur recovery, or reinjection, depending on specific processing requirements. This step is necessary to
maintain environmental regulations and ensure the proper functioning of downstream equipment. The lean amine
regenerated leaves the bottom of the column and is then cooled with the lean amine cooler to the optimum
temperature for reuse.

Cooling the lean amine reduces the thermal degradation of the solvent while allowing the lean amine to absorb
acid gases effectively in the next cycle. A portion of the cooled lean amine is mixed with water in the mixer (MI1X-
101) to compensate for small solvent losses during the regeneration process, thus maintaining the desired
concentration of MDEA (methyl diethanolamine). The regenerated and conditioned lean amine is then returned
to the absorption column through the lean amine pump. The recirculation mechanism enables continuous
extraction of acid gas, improving process effectiveness and reducing operational costs. Solvent recycling promotes
sustainable and economically feasible operations that underpin gas sweetening in the Mellitah gas plant. The
Aspen HYSYS model of the amine sweetening and regeneration processes at the Mellitah gas plant highlights the
importance of energy integration and using recycled solvents to improve overall efficiency and reduce operating
costs. Simulation results confirm the effectiveness of the chosen configurations and operating conditions, showing
a high removal of acid gases from the sour gas feed. Furthermore, accurate modeling of energy recovery through
the amine-amine heat exchanger adds to sustainability by lowering energy needs. Future research could further
focus on testing improved solvents with better absorption characteristics or hybrid setups to improve the process's
cost-effectiveness and environmental impact.
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Figure 2. Simulation of the amine sweetening and regeneration process

5. Results and discussion

5.1. Comparative evaluation of the amine sweetening process using actual Mellitah gas plant data and
simulation model

The analysis of the molar flow data from the Mellitah gas plant, together with the simulation results
summarised in Table 1, gives important information on the accuracy of the simulation model. The model works
very well for most compounds, with some deviations occurring; these differences are worth discussing in detail
below, underlining their implications for plant operations and the overall performance of the simulation. For
nitrogen, the measured molar flow at the Mellitah gas plant is 660.59 kgmol/h, and the simulation assumes a
prediction of 660.00 kgmol/h, which results in an error of 0.09%. This small difference means that the simulation
model is good at predicting the nitrogen flow because nitrogen is an inert gas, so it behaves in a very predictable
manner. The model has seemingly encapsulated this characteristic quite effectively. Accordingly, the negligible
error infers that the simulation is well-calibrated and apt at foreseeing nitrogen flow under standard operating
conditions. Correspondingly, the molar flow recorded for methane is 10088.20 kgmol/h, and the simulation
estimates 10076.00 kgmol/h, which amounts to an error of 0.12%. The minor discrepancy noted here indicates
that the simulation is, in fact, tremendously trustworthy for methane flow prediction. The dominant constituent of
natural gas is methane, so accurate prediction of methane flow is a part of optimising any operation in gas
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processing. On the other hand, a slight change in environmental or system parameters, which wasn't ideally
captured by simulation, may cause the small error realised at this site. However, this error is still within the
acceptable range, thus proving that the simulation gives a good estimate of methane flow. The molar flow of
ethane, which is measured as 641.34 kgmol/h in the Mellitah gas plant, is very close to the result obtained from
the simulation, which is 641.22 kgmol/h, with an error of almost zero of 0.02%. This finding confirms that the
simulation model is accurate, especially for lighter hydrocarbons. Although methane is a fairly simple compound
(exhibiting very well-defined behaviour under standard conditions), the small deviation suggests that the
simulation effectively accounts for its properties. Nonetheless, there are only slight deviations between the actual
and predicted values.

In contrast, the error in the case of propane increases to 0.30%. The facility registers a molar flow rate of
259.12 kgmol/h. The simulation, on the other hand, predicts a value of 259.90 kgmol/h. This inconsistency is
marginally greater than that observed for lighter hydrocarbons. It may be ascribed to propane's intricate phase
behaviour (because it exhibits heightened sensitivity to fluctuations in both temperature and pressure). The
simulation might not comprehensively consider all the variables impacting propane's behaviour in the gaseous
state. However, this oversight results in a somewhat elevated error. This error is relatively small, which means
that the model manages to make predictions for propane that are very precise for all intents and purposes. The
error on i-butane is almost nil, with a flow rate of 56.89 kgmol/h from plant data and 56.90 kgmol/h from the
simulation; this makes an error of only 0.02%. Once again, this very minor difference points out how well the
simulation predicts butane flow. Similar to methane and ethane, i-butane exhibits relatively straightforward
behaviour in the gaseous state, thereby facilitating more accurate modelling. Consequently, the negligible error
would tend to indicate that the simulation model accurately represents the behaviour of i-butane, producing a very
good prediction.

In addition, n-Butane has a slight difference of 0.05%, wherein the plant’s actual data has a flow rate of 95.44
kgmol/h, and the simulation predicts 95.39 kgmol/h. This slight deviation between the two figures shows that the
simulation model works well for n-butane. Since n-butane and i-butane are very similar in structure and behaviour,
it is unsurprising that the simulation model can predict the flow rates of these compounds with such small errors.
However, considering i-pentane, the deviation is somewhat larger at 0.17%, where the simulation shows a flow
of 41.79 kgmol/h compared to the plant's 41.86 kgmol/h. While still quite small, this discrepancy may reflect the
more complex behaviour of heavier hydrocarbons like pentanes. The heavier hydrocarbon molecules show larger
deviations from ideal gas behaviour and, hence, are harder to predict. Despite this complexity, the error is still
small, meaning the simulation model still holds a good accuracy for i-pentane. However, minor improvements
may be applied to account for its more subtle properties. In the case of n-pentane, the data elucidates a reported
flow of 40.77 kgmol/h, which dramatically contrasts with a simulation prediction of 40.72 kgmol/h, resulting in
an error margin of 0.12% which is close to that of i-pentane.

On the other hand, significant differences arise regarding the trace components H-S and CO.. For HS, the
plant data shows a value of 3.29 x 107¢ kgmol/h, whereas the simulation predicts a value of 5.44 x 107 kgmol/h.
The difference in magnitude is large, making it difficult to calculate an error percentage of any relevance. This
large difference could result from the challenges in correctly modelling trace gases, especially at low
concentrations. Such species commonly exhibit non-ideal behaviour, and complex interactions between these and
other gases are difficult to include fully within the simulation model. So, although the error is large, it is justifiable
given the inherent issues involved in modelling trace species within gas mixtures. Accordingly, the large
difference observed in the case of CO2, where the plant shows 0.0139 kgmol/h and simulation predicts only 0.0014
kgmol/h, can be attributed to several reasons, particularly due to the limitations of HYSY'S software. Since CO2
is a critical impurity found in natural gas, an accurate prediction is necessary for effective gas treatment and
separation. The difference between actual and simulated values may come from the inability of the software to
precisely model CO: behaviour at the plant operating conditions when it comes to the changes in pressure and
temperature. HYSYS software might also not consider some non-ideal interactions between CO: and other
components in the gas stream, producing results far from simulations. The significant deviation suggests that
improvement is needed in the simulation model, particularly in the models of trace components and non-ideal
gases like CO:. Further improvement in this respect, at both the phase behaviour and chemical interaction levels,
will increase the accuracy of the simulation and, by extension, the reliability of its predictions; this means more
realistic modelling of conditions found in actual plants. By improving these components, the model can better
align with the true behaviour of CO: in the gas stream, producing more accurate results and an improved paradigm
for gas processing operations.
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Table 1. Comparison of molar flow data between Mellitah gas plant and simulation model.

(SR P el Simulated molar flow Error
Compound flow data data (kgmol/h) (%)
(kgmol/h)

Nitrogen 660.59 660.0 0.09

Methane 10088.20 10076 0.12

Ethane 641.34 641.22 0.02

Propane 259.12 259.9 0.30

i-Butane 56.89 56.90 0.02

n-Butane 95.44 95.39 0.05

i-Pentane 41.86 41.79 0.17

n-Pentane 40.77 40.72 0.12
H-S 3.29 x10°¢ 5.44 x 1077 -
CO: 0.0139 0.0014 -

5.2. Comparative evaluation of the Amine regeneration column using actual Mellitah gas plant data and
simulation model

Verifying simulation data is very important to establish the accuracy and reliability of process models, as it
ensures that simulations represent real operating conditions. In this work, validation focused on examining
simulation data related to the amine regeneration column using actual data from the Mellitah gas plant for
comparison. The validation procedure prominently featured the responsibilities of the re-boiler and condenser
concerning the parameters of the amine regeneration column, which are vital for ensuring the process's efficacy
and comprehensive performance. The precise simulation and validation of these responsibilities are crucial to
ascertaining the model's capacity to depict the real dynamics of the plant accurately. The objective was to evaluate
whether the simulation model accurately predicted the reboiler and condenser duties. These are necessary to
ensure the thermodynamic and operational stability of the amine regeneration process. A valid model must give
correct predictions for these parameters to be considered for monitoring, controlling, or optimising the plant. The
juxtaposition of simulation findings with empirical operational data presented in Table 2 invariably indicated an
extraordinarily minimal absolute error, with discrepancies for the duties of the re-boiler and condenser
maintaining levels under 1%. This result underscores the dependability of the simulation model and its ability to
emulate the complex dynamics of the real system accurately.

The data presented in Table 2 presents a critical evaluation of the simulation results for the amine regeneration
column against real-world data from the Mellitah gas plant. Specifically, the comparison focuses on key
operational parameters, including H.S and CO: concentrations in the feed and bottom streams and the re-boiler
and condenser duties. These parameters are critical factors in determining the efficiency of the amine regeneration
process. The overall results show good agreement between the empirical and simulation-based outcomes, with
deviations in all parameters within 1%. Such a fact leads to the conclusion that the simulation model captures the
real operation characteristics of the plant well. Nevertheless, a more in-depth analysis must be performed to find
plausible causes for the small deviations observed. Initially, the simulated value for the concentration of H.S in
the feed stream directed toward the regeneration column is about 185.5 kgmol/h, which is very close to the
recorded value of 187.2 kgmol/h, resulting in a minor difference of 0.90%. This agreement shows that the
simulation model effectively replicates the dynamics of H.S. However, the small deviation might be due to plant
feed composition fluctuations, which are not entirely accounted for in static simulation models, or due to
measurement uncertainties in the plant setup. Similarly, the CO: concentration in the feed stream shows a
deviation of only 0.24%, where the simulated value of 2112.7 kgmol/h is almost equal to the plant data of 2117.9
kgmol/h. This level of precision not only confirms the accuracy of the model but raises questions regarding
assumptions made regarding the uniformity of flow and thermodynamic consistency during the simulation
process. Moreover, the concentration of CO- observed at the base of the regeneration column, an essential metric
for assessing the stripping efficiency of the column, demonstrates a negligible difference between the empirical
data obtained from the plant (0.0100 vol. %) and the findings generated by the simulation (0.0101 vol. %),
resulting in an error margin of 0.99%. This outcome suggests that the model accurately reflects the CO- extraction
process. Nevertheless, the observed discrepancy may arise from the simplifications employed in the simulation,
including approximations related to mass transfer coefficients or equilibrium relationships at certain locations
within the column.

Moving on to energy dynamics, the re-boiler and condenser duties can be compared further to bring out the
accuracy of the model. The simulated re-boiler duty (35,710 kW) is only 0.39% different from the actual plant
data (35,852.2 kW), which shows that the model can predict the heat requirements for solvent regeneration with
high accuracy. Notably, limitations may affect this slight deviation in the correlations of the thermal properties
utilised in the simulation or minor inefficiencies in heat transfer in the real system, which were absent in the
model. Equally, concerning the condenser performance, the value obtained from the simulation of 23,700 kW
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compares very well with the measured one at the plant site of 23,628.1 kW, with a difference of only 0.30%. The
close agreement in the performance of the condenser further confirms the adequacy of the model in correctly
representing the heat rejection mechanism. However, practical considerations, such as fluctuations in cooling
water temperatures or the possibility of fouling within heat exchangers, may lead to slight discrepancies.

Results generally show an excellent agreement of the simulation results with actual plant data, proving the
accuracy of the model. The existence of small discrepancies shows a robust and reliable simulation model that
can represent the complexities involved in the amine regeneration column. At the same time, the small deviations
obtained, although negligible, unveil the intrinsic limitations of simulations. These models are often based on
simplified assumptions, ideal conditions, and generalised operating parameters. However, realistic environmental
condition fluctuations, fluid properties, and equipment performance translate into differences that make simulation
models of full integration difficult to accomplish. The strong correlation obtained between the simulated data and
the empirical measurements increases the credibility of the model for analysis and optimization of plant
operations. The simulation results validate the model as an effective tool for understanding plant performance in
order to improve operational efficiency and develop process improvements. Further work in the area of finer
tuning of input parameters and advanced modelling techniques can reduce minor discrepancies resulting in even
greater predictive accuracy for industrial applications of gas processing.

Table 2. Validation of Mellitah gas plant data against Aspen HYSYS simulation results.

Parameters Mellitah gas plant data S'rlgl;:ﬁ?son Error (%)
H2S conc. in the feed stream to the amine 187.2 1855 0.90
regeneration column (kgmol/h)
CO; con. feed stream to the amine 2117.9 21127 024
regeneration column (kgmol/h)
CO; conc. at the bottom of the amine 0.0100 0.0101 0.99
regeneration column (vol. %)
Re-boiler duty (KW) in the amine regeneration 35852 2 35710 0.39
column
Condense_r duty (KW) in the amine 236281 23700 030
regeneration column

5.3. Modification of gas sweetening process

The modification of the amine regeneration process at the Mellitah gas plant represents a strategic effort
aimed at improving efficiency while consistently achieving the specified gas purity conditions for the bottom
outlet stream: 0.01 vol.% HaS and 0.01 vol.% CO.. Minimising the energy requirements for the amine regeneration
column is essential for enhancing the process's economic and operational feasibility. However, this approach
demands a critical evaluation to assess the merits and constraints of the methods employed and the efficacy of the
outcomes.

The first stage of the modification process involved incorporating side draw streams at various tray levels (10
to 16) in the amine regeneration column, with flow rates varying from 1000 to 6000 kgmol/h. A detailed analysis
identified Tray 12 as the optimal location for the side draw stream due to the relatively stable CO: concentration
difference between this tray and those below it. Tray 12’s selection reflects a calculated effort to ensure efficiency
while maintaining process stability. However, the logic behind this selection prompts further critical examination.
The choice appears to be rooted in the uniformity of CO: concentration rather than other crucial factors such as
operational limits, tray design, or hydraulic constraints, which could influence the column’s overall efficiency.
Furthermore, while the approach is explained, this optimization method raises questions about whether the tray
levels above 16 or below 10 were considered or whether the selection rationale comprehensively accounted for
other key parameters alongside CO: concentration. The second stage of the process modification incorporated
significant reconfigurations into the process flowsheet by introducing a heat exchanger (HX-101) and a flash
separator (V-102). Both components were strategically positioned to reduce the CO: concentration in the side
collaboratively draw stream to meet Mellitah gas plant specifications. HX-101’s placement after the flash
separator (V-101) demonstrates an intentional design to ensure efficient thermal energy utilization for evaporating
CO: from the rich MDEA solution. Similarly, V-102 complements this function by effectively separating
dissolved CO: gas from free CO: in the solution. Applying these elements appears technically sound, aiming to
improve gas separation efficiency and reduce re-boiler duty, resulting in energy savings.

However, certain aspects of the configuration warrant a more critical discussion. For instance, the
effectiveness of HX-101 in reducing the CO: concentration relies heavily on the heat exchange interaction
between the lean amine stream (from the regeneration column) and the rich MDEA stream. While the design
leverages this interaction efficiently, the thermal integration process could introduce new challenges, such as
limited heat transfer efficiency due to varying fluid properties or fouling in the heat exchanger over time.
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Additionally, the heat efficiency gain by using 50% of the flow rate of the rich MDEA stream for heat exchange
appears promising. Still, it may introduce operational complexity in maintaining consistent flow and avoiding
excessive pressure drops. The placement of V-102 directly after HX-101 highlights another critical design
consideration. The separation of free CO. gas from the CO.-saturated MDEA solution occurs after thermal
modification, ensuring the flash separator functions under optimized conditions. However, achieving stable
operation in the flash separator depends on maintaining precise control over temperature and pressure conditions,
which could be sensitive to upstream changes in HX-101. Any deviations in the heat exchange process may
adversely affect the separation efficiency in the flash separator and compromise the downstream mixer and
regeneration column operations.

In addition to technical feasibility, the economic and practical implications of these modifications merit
further evaluation. Introducing new components such as HX-101 and V-102 likely incurs capital and operational
costs, which the energy savings and process optimization benefits must justify. Furthermore, the long-term
reliability of these components is crucial for ensuring the sustainability of the modifications. Maintenance of the
heat exchanger and flash separator must be factored in, as fouling, scaling, or mechanical wear could diminish
performance over time, leading to deviations from the intended outcomes. Lastly, while the modifications
highlight a detailed technical process for improving the amine regeneration system, the explanation lacks clarity
on how these changes balance other critical process variables. For instance, how are the reconfiguration impact
the pressure profile, stripping efficiency, or solvent loading conditions? Additionally, while HX-101 uses the lean
amine stream's thermal energy, it is unclear whether the temperature adjustments affect the downstream operations
of the amine tower or other units beyond the immediate modification scope.
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Figure 3. Moadification of the process flow sheet of the gas sweetening process

5.4. Optimization of energy efficiency through side draw flow rate adjustments in the regeneration column
The modification process began with a detailed analysis of the relationship between side draw flow rates,
CO: concentration in the side draw stream, and reboiler duty. This phase established how these variables were
interconnected and how changes in one affected the others. The study revealed that the relationship between side
draw flow rates and reboiler duty was bidirectional, with flow rate variations requiring adjustments in both reboiler
and condenser duties. This insight was crucial for optimizing system efficiency by fine-tuning energy use and heat
exchange. Additionally, the investigation examined the broader impact of changing side draw flow rates on energy
balance and operating costs, helping to assess the economic feasibility and sustainability of the modifications.

5.4.1. Effect of side draw flow rates on reboiler duty and CO: concentration

Figure 4 illustrates the trade-off between side draw flow rate, reboiler duty, and CO: concentration. At 0
kgmol/h side draw flow rate, reboiler duty is highest (34,400 kW) and CO- concentration is also at its peak (4.28
vol.%) due to full liquid hold-up. As the flow rate increases to 1,000 kgmol/h, reboiler duty drops to 33,600 kW,
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and CO: concentration slightly decreases to 4.27 vol.%, reflecting reduced thermal load but a small loss in
separation efficiency. Further increases in flow rate to 2,000 kgmol/h reduce reboiler duty to 32,800 kW and CO-
concentration to 4.26 vol.%, signaling a larger impact on separation. At 3,000 kgmol/h, reboiler duty reaches
32,000 kW, and CO: concentration falls to 4.25 vol.%, showing the growing trade-off between energy efficiency
and CO: purity. At 4,000 kgmol/h, reboiler duty drops to 31,200 kW, and CO: concentration to 4.24 vol.%, while
at 5,000 kgmol/h, reboiler duty decreases to 30,400 kW and CO: concentration to 4.23 vol.%, indicating
significant energy savings but reduced CO: enrichment. Finally, at 6,000 kgmol/h, reboiler duty hits its lowest
(29,600 kW), and CO- concentration drops to 4.22 vol.%, demonstrating the trade-off between maximizing energy
efficiency and maintaining product purity.
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Figure 4. Effect side draw flow rates on re-boiler duty and CO; concentration.

5.4.2. Effect side draw flow rates on re-boiler and condenser duties

Figure 5 illustrates the effect of side draw flow rate on reboiler and condenser duties, showing a near-linear
decrease in both as the flow rate increases. Initially, at 1,000 kgmol/h, the reboiler and condenser duties are 34,400
KW and 23,500 KW, respectively, reflecting significant energy requirements for vaporization and condensation.
As the flow rate increases to 2,000 kgmol/h, the reboiler duty drops to 33,500 KW, and the condenser duty
decreases to 23,300 KW, due to the reduced vapor generation and condensation needs. Furthermore, the trend
continues as the flow rate rises to 3,000 kgmol/h, where the reboiler and condenser duties fall further to 32,500
KW and 23,100 KW. This consistent decline highlights the improved energy efficiency as more liquid is
withdrawn, reducing the load on both components. At 4,000 kgmol/h, the reboiler and condenser duties decrease
to 31,500 KW and 22,900 KW, reinforcing the thermodynamic advantage of higher side draw flow rates. As the
flow rate reaches 5,000 kgmol/h, the reboiler duty reduces to 30,500 KW, and the condenser duty decreases to
22,700 KW. Finally, at the maximum flow rate of 6,000 kgmol/h, the reboiler duty reaches 29,500 KW, and the
condenser duty drops to 22,500 KW. These reductions confirm that increasing the side draw flow rate optimizes
energy use, reducing the heat load on both the reboiler and condenser, leading to a more efficient distillation

process overall.
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Figure 5. Effect side draw flow rates on re-boiler and condenser duties

5.4.3. Effect of side draw flow rates on energy savings in reboiler and condenser duties

The side draw flow rate significantly affects energy efficiency, as demonstrated in Figure 6. To begin with,
increasing the flow rate from 0 to 6,000 kgmol/h leads to a near-linear rise in saved reboiler and condenser duties.
For instance, at 1,000 kgmol/h, the savings are 1,200 kW and 1,000 kW, respectively. Subsequently, these savings
increase to 2,400 kW and 2,000 kW at 2,000 kgmol/h. Moreover, by 3,000 kgmol/h, the reboiler and condenser
savings reach 3,600 kW and 3,000 kW, highlighting a proportional relationship that reflects efficient heat
redistribution and operational synergy. Continuing this trend, at 4,000 kgmol/h, the savings climb to 4,400 kW
for the reboiler and 4,200 kW for the condenser, further reducing thermal loads and energy consumption. By the
time the flow rate reaches 5,000 kgmol/h, savings achieve 5,400 kW and 5,000 kW, demonstrating the
effectiveness of the side draw in maintaining system balance and enhancing energy savings. Importantly, the
parallel trends observed in saved reboiler and condenser duties throughout the range of side draw flow rates reflect
the system's efficient heat load management. In particular, both duties exhibit similar rates of increase, which
indicates that energy savings achieved in the reboiler are closely mirrored in the condenser. This alignment can
be attributed to the thermodynamic balance within the distillation process, where reductions in reboiler heat duty
directly translate into reduced condensation requirements.
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Figure 6. Effect of side draw flow rates on energy savings in reboiler and condenser duties.
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5.4.4. Effect of side draw flow rates on total saved duty

Figure 7 explores the relationship between side draw flow rate, total saved duty, and CO, concentration.
Initially, at a flow rate of 0 kgmol/h, the system records 8,000 kW of saved duty and a CO; concentration of 4.265
vol.%. As the flow rate increases to 1,000 kgmol/h, the saved duty rises to 9,000 kW. However, the CO;
concentration remains unchanged, suggesting that early flow rate adjustments focus primarily on energy savings
without affecting emissions. Subsequently, at 3,000 kgmol/h, the saved duty reaches 11,000 kW, while the CO,
concentration slightly decreases to 4.250 vol.%, indicating simultaneous improvements in energy efficiency and
CO, removal. Moreover, with a further increase to 5,000 kgmol/h, the saved duty climbs to 13,000 kW, and the
CO; concentration drops to 4.230 vol.%, demonstrating notable progress in both metrics. Finally, at 7,000
kgmol/h, the saved duty peaks at 14,000 kW, but the CO, concentration stabilizes at 4.215 vol.%. This plateau
suggests that while energy savings continue to improve, the benefits for emissions reduction diminish.
Consequently, this highlights the intricate balance required to optimize energy efficiency and emissions control.
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Figure 7. Effect of side draw flow rates on CO: concentration and total saved duty.

6. Environmental Effects of CO: and H.S Emissions from sweetening units at Mellitah gas plant

The emissions of CO: and H.S from gas-Sweetening processes pose notable environmental concerns,
especially in the context of their impact on climate change and air quality [33]. CO: is a significant greenhouse
gas, contributing considerably to global warming by trapping atmospheric heat [34]. Excessive CO2 emissions
exacerbate climate change, leading to rising global temperatures, ice caps melting, sea-level rise, and more
frequent natural disasters [33]. HzS, though emitted in smaller quantities than COs, is a highly toxic and odorous
gas that can lead to acid rain, degrading ecosystems, infrastructure, and water quality[35]. Moreover, long-term
HaS exposure causes severe respiratory and neurological health issues, with high concentrations posing fatal risks
to both humans and wildlife [36]. This study demonstrates actionable strategies to mitigate these environmental
effects through energy-efficient solutions. The Mellitah gas plant integrates simulation-based optimizations and
targeted process modifications to reduce emissions and energy consumption. As summarized in the provided
figures, increasing the side draw flow rate of sweetening columns improves the energy efficiency of the reboiler
while simultaneously reducing CO: concentrations in the treated gas stream. This highlights a critical opportunity
to align process improvements with environmental objectives. By optimizing energy usage, such as lowering
reboiler duty (Figure 4) while maintaining consistent reductions in CO- concentrations (Figure 5), the Mellitah
gas plant achieves enhanced operational efficiency while reducing its carbon footprint. Furthermore, properly
managing H2S content through robust amine solvent cycles and advanced separation techniques minimizes the
release of these pollutants into the atmosphere. Process optimization reflected in energy savings (Figure 6) shows
the potential for cost-effective solutions that align with sustainability goals. Finally, the findings from Mellitah
underscore the importance of combining emission control measures with energy-efficient modifications to
minimize environmental risks and reduce the oil and gas sector's overall ecological impact. This approach meets
tightening environmental regulations and paves the way for cleaner energy practices.
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7. Conclusion and Recommendation

In conclusion, this study employed Aspen HYSYS software with an acid gas-chemical solvents package and
50% MDEA as the solvent to simulate operations at the Mellitah gas plant. The simulation results, validated
against plant data, showed an absolute error of less than 1%. Notably, process improvements in the amine
regeneration column were achieved by introducing a side draw stream at plate 12. A side draw flow rate of 1,000
kgmol/h (3% of feed) resulted in maximum reboiler and condenser duties of 34,400 kW and 23,500 kW, with a
CO; concentration of 4.28 vol.%. This configuration saved 1,350 kW (4%) in reboiler duty and 230 kW (1%) in
condenser duty. Conversely, at 6,000 kgmol/h (15% of feed), the minimum duties were 29,400 kW and 22,500
kW, with CO; at 4.23 vol.%. This achieved savings of 18% and 5% for reboiler and condenser duties, respectively.
Moreover, further savings can be achieved by adjusting the side draw flow rate based on specific requirements.
Therefore, we recommend adopting this flowsheet configuration to optimize the Mellitah gas plant's amine
regeneration process. This approach reduces reboiler and condenser duties, lowers operating costs, enhances
efficiency, and improves environmental sustainability.

References:
[1] J. G. Speight, Natural gas: a basic handbook. Gulf Professional Publishing, 2018.
[2] S. A. A. Taqvi and A. Ellaf, "Introduction to natural gas sweetening methods and technologies," in

Advances in Natural Gas: Formation, Processing, and Applications. Volume 2: Natural Gas Sweetening:
Elsevier, 2024, p. 3-32.

[3] J. Carroll, Natural gas hydrates: a guide for engineers. Gulf Professional Publishing, 2020.

[4] N. M. Omar, "Simulation and Optimization of Gas Sweetening Process at Mellitah Gas Plant Using
Different Blends of Amines,” University Bulletin, vol. 1, no. 17, p. 1-20, 2017.

[5] G. Di Bella, M. J. Flanagan, K. Foda, S. Maslova, A. Pienkowski, M. Stuermer, and F. G. Toscani,
"Natural gas in Europe: the potential impact of disruptions to supply,” IMF Working Papers, vol. 2022,
no. 145, 2022.

[6] A. J. Kidnay, W. R. Parrish, and D. G. McCartney, Fundamentals of natural gas processing. CRC press,
2019.

[7] C. Zhao, J. Wang, X. Li, J. Huang, H. Chen, J. Bi, S. Liu, G. Lu, K. Song, and S. Guo, "Progress in
Corrosion Protection Research for Supercritical CO, Transportation Pipelines," Coatings, vol. 14, no.
11, p. 1378, 2024.

[8] A. R. Nihmiya and N. Ghasem, "Application of amines for natural gas sweetening," in Advances in
Natural Gas: Formation, Processing, and Applications. Volume 2: Natural Gas Sweetening: Elsevier,
2024, p. 89-113.

[9] A. F. B. Ferreira, J. A. P. da Silva, M. R. da Silva, O. B. de Matos, A. de Souza Freitas Filho, B. C.
Dantas, K. B. Oliveira, and N. de Souza Amorim, "Absorption of the acid gases CO; and H,S from a
natural gas stream using the Aspen Plus® simulator,” Observatorio de la Economia Latinoamericana,
vol. 22, no. 2, p. e3113-e3113, 2024.

[10] B. Shingan, S. Timung, S. Jain, and V. P. Singh, "Technological horizons in natural gas processing: A
comprehensive review of recent developments,” Separation Science and Technology, vol. 59, no. 10-14,
p. 1216-1240, 2024.

[11] C. Halliday and T. A. Hatton, "Sorbents for the Capture of CO; and Other Acid Gases: A Review,"
Industrial & Engineering Chemistry Research, 2021.

[12] B. Aghel, S. Janati, S. Wongwises, and M. Safdari Shadloo, "Review on CO, capture by blended amine
solutions,” International Journal of Greenhouse Gas Control, 2022.

[13] M. N. Raghavan, "Carbon Dioxide (Coz) Absorption in Blends of Aqueous Solutions of
Monoethanolamine (MEA) and L-Serine," University of Malaya (Malaysia), 2022.

[14] R.-t. Guo, G.-y. Li, Y. Liu, and W.-g. Pan, "Recent Progress on CO, Capture Based on Sterically
Hindered Amines: A Review," Energy & Fuels, vol. 37, no. 20, p. 15429-15452, 2023.

[15] M. H. B. Samani, D. Toghraie, B. Mehmandoust, M. Niknejadi, and M. A. Fazilati, "Investigating the
effect of absorbent material and heat flux in natural gas sweetening process using molecular dynamics
simulation," Case Studies in Thermal Engineering, vol. 61, p. 105081, 2024.

[16] V. D. Ola, M. E. Mohyaldinn, T. O. Olugbade, and A. H. Amadi, "Corrosion in Amine Gas Capturing
Facilities: Processes, Challenges, and Mitigations-a Review," Process Integration and Optimization for
Sustainability, p. 1-28, 2024.

[17] Y. Zheng, E. EI Ahmar, M. Simond, K. Ballerat-Busserolles, and P. Zhang, "CO, heat of absorption in
aqueous solutions of MDEA and MDEA/piperazine,” Journal of Chemical & Engineering Data, vol. 65,
no. 8, p. 3784-3793, 2020.

[18] A. Tatarczuk, M. Tanczyk, L. Wigctaw-Solny, and J. Zdeb, "Pilot plant results of amine-based carbon
capture with heat integrated stripper,” Applied Energy, vol. 367, p. 123416, 2024.

54 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

A. B. Vakylabad, "Absorption processes for CO, removal from CO,-rich natural gas," in Advances in
Natural Gas: Formation, Processing, and Applications. Volume 2: Natural Gas Sweetening: Elsevier,
2024, p. 207-257.

F. Hussin and M. K. T. Aroua, "Recent trends in the development of adsorption technologies for carbon
dioxide capture: A brief literature and patent reviews (2014-2018)," Journal of Cleaner Production, vol.
253, p. 119707, 2020.

"Absorption of acid gases (CO,, H,S) from natural gas using a ternary blend of N-methyldiethanolamine
(MDEA), 2-amino-2-methyl-1-propanol (AMP), and Sulfolane," Sustainable Processes and Clean
Energy Transition, 2023.

A. S. Faroogi, R. M. Ramli, S. S. M. Lock, N. A. Hussein, M. Z. Shahid, and A. S. Farooqi, "Simulation
of Natural Gas Treatment for Acid Gas Removal Using the Ternary Blend of MDEA, AEEA, and NMP,"
Sustainability, 2022.

A. A. Abd and S. Z. Naji, "Comparison study of activators performance for MDEA solution of acid gases
capturing from natural gas: Simulation-based on a real plant,” Environmental Technology and
Innovation, vol. 17, p. 100562, 2020.

S. Shalaby, M. E. Zayed, F. A. Hammad, A. S. Menesy, and A. R. Abd Elbar, "Recent advances in
membrane distillation hybrids for energy-efficient process configurations: Technology categorization,
operational parameters identification, and energy recovery strategies,” Process Safety and Environmental
Protection, 2024.

Y. Ma, Z. Hu, X. Sun, Z. Shen, X. Li, J. Gao, L. Zhang, and Y. Wang, "Energy-saving design of
azeotropic distillation for the separation of methanol-methyl methacrylate azeotrope from industrial
effluent,” Separation and Purification Technology, vol. 353, p. 128382, 2025.

N. Van Nguyen, V. Pirouzfar, H. Soheilinezhad, and C. H. Su, "Optimizing the CO- capture and removal
process to recover energy and CO, from the flue gas of boilers and gas turbines outlet with considering
the techno-economic analysis," Energy, vol. 291, p. 130281, 2024.

J. Du, W. Yang, L. Xu, L. Bei, S. Lei, W. Li, H. Liu, B. Wang, and L. Sun, "Review on post-combustion
CO; capture by amine blended solvents and aqueous ammonia,” Chemical Engineering Journal, p.
150954, 2024.

S. Manikandan, R. S. Kaviya, D. H. Shreeharan, R. Subbaiya, S. Vickram, N. Karmegam, W. Kim, and
M. Govarthanan, "Artificial intelligence-driven sustainability: Enhancing carbon capture for sustainable
development goals-A review," Sustainable Development, 2024.

M. DuPart, T. Bacon, and D. Edwards, "Understanding corrosion in alkanolamine gas treating plants:
Part 2," Hydrocarbon Processing;(United States), vol. 72, no. 5, 1993.

N. M. Omar, "Simulation and Optimization of Gas Sweetening Process at Mellitah Gas Plant Using
Different Blends of Amines," University Bulletin, 2017.

N. Mehdizade, M. Bonyadi, P. Darvishi, and M. Shamsi, "Modeling H2S solubility in aqueous MDEA,
MEA and DEA solutions by the electrolyte SRK-CPA EQOS," Journal of Molecular Liquids, vol. 400, p.
124441, 2024.

"Mellitah Oil & Gas B.V, Libya Branch. https://Mellitahog.ly.com ". [Online]. Available:
https://Mellitahog.ly.com

L. J. Nunes, "The rising threat of atmospheric CO2: a review on the causes, impacts, and mitigation
strategies,”" Environments, vol. 10, no. 4, p. 66, 2023.

M. Filonchyk, M. P. Peterson, L. Zhang, V. Hurynovich, and Y. He, "Greenhouse gases emissions and
global climate change: Examining the influence of CO,, CHs, and N.O," Science of The Total
Environment, p. 173359, 2024.

S. Batterman, A. Grant-Alfieri, and S. H. Seo, "Low level exposure to hydrogen sulfide: A review of
emissions, community exposure, health effects, and exposure guidelines," Critical Reviews in
Toxicology, vol. 53, no. 4, p. 244-295, 2023.

U. Bardi, "Carbon Dioxide as a Pollutant. The Risks of Rising Atmospheric CO, Levels on Human
Health and on the Stability of the Biosphere," arXiv preprint arXiv:2408.08344, 2024.

55 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)


https://mellitahog.ly.com/
https://mellitahog.ly.com/

