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ABSTRACT

Liquefied natural gas (LNG) plays a key role in the energy transition, but its production is often
limited by the high CO. content of some reservoirs, which increases operating costs and solidifi-
cation risks. This study evaluates the dual-pressure low-temperature cryogenic distillation pro-
cess applied to a recently discovered gas field with a high CO2 content (25%) for LNG production.
The critical properties of the gas streams and the process operating conditions were analyzed
using Aspen Plus v14. The results indicate that reducing the CO2 concentration throughout the
column is essential to prevent solid formation by maintaining a fluid composition with a freezing
temperature below the operating temperature of the stages. It was also observed that the reflux
affects LNG purity and freezing temperature in all stages. Furthermore, the adoption of a low-
pressure separator upstream of the distillation proved crucial to producing condensates within
commercial specifications. The work extends the understanding of the dual-pressure low-temper-
ature cryogenic distillation to the 25% CO2 range and highlights the potential of cryogenic distilla-
tion to enable LNG production in fields with high CO content.
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INTRODUCTION

The energy transition from fossil fuels to renewable
energy depends on the role of natural gas (NG) in miti-
gating the limitations of renewable energy. For example,
the strong dependence on climate conditions, the weak
structure to satisfy the high energy demand of cities dur-
ing specific periods of the day, and the need to develop
new technologies to store the energy supplied by the en-
vironment are among the key issues in this context [1].
NG alleviates these problems since it presents a compet-
itive cost in comparison to oil [2] and has a lower green-
house gas (GHG) emissions potential than coal [3]. In the
past ten years, production of dry NG around the world
has been increasing, supported by an increasing NG con-
sumption in electricity generation [4]. As a result, the
share of NG has practically remained constant (22% -
23%) despite the rise of renewable energy [5]. Together,
these factors highlight the importance of NG in the
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energy mix.

One option for transporting NG is liquefaction, which
reduces its volume by a factor of 600. This situation gives
liquified natural gas (LNG) some notable advantages in
NG supply. For instance, small quantities of LNG offer
high NG availability and can be economically stored in
tanks when a higher-than-needed supply is available.
Additionally, LNG can be transported for long distances,
which sometimes can be unfeasible with pipelines [6-8].

One of the main challenges in LNG processing is the
high CO2 content (15%-80% by mole) in some gas fields,
which increases operating costs and poses a risk of so-
lidification during processing, encompassing many tech-
nical challenges [6-8]. In the last ten years, companies
have developed gas production projects in fields with
high CO2 content. For instance, gas production has been
developed in the LaBarge field in Wyoming (USA) and in
fields located in Southeast Asia (Malaysia, Indonesia, Vi-
etnam, and the southern Gulf of Thailand) [7-12].
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Similarly, some stakeholders have been evaluating the
production potential in regions such as the Otway Basin
(Southeast coast of Australia), the Kwanza Basin (An-
gola), and the Santos Basin (Brazil) [13-15]. This situation
highlights the importance of innovation in producing LNG
from those fields.

This work aims to evaluate the dual-pressure low-
temperature distillation process for producing LNG from
a recently discovered field with high CO2 content. The
process was simulated in Aspen Plus v14, and the results
highlight the limitations and operational parameters to
avoid solids formation and critical conditions.

MATERIALS AND METHODS

Data collection

The composition and operating conditions of a re-
cently discovered gas field are shown in Table 1.

Table 1: Composition and operating conditions of the
feed gas

Feed composition Mole %
Ci 64.06
Cos 10.33
CO2 25
H.S 0.01
N2 0.60
Flowrate (MMscfd) 1
Pressure (bar) 70
Temperature (°C) 30

Process simulation

The process was simulated in Aspen Plus v14, to
achieve an LNG production of 0.0096 MMTPA (million
metric tons per annum), with a lower heating value (LHV)
of 900.47 BTU/scf (British Thermal Unit per standard cu-
bic foot of gas). To develop the simulation, the following
aspects were considered: selection of the thermody-
namic model, estimation of the pseudocritical tempera-
tures of the streams, determination of the operating con-
ditions of units, and sensitivity analysis.

Thermodynamic model

As the components can be considered all nonpolar,
including H2S because of its weak electronegativity, the
most appropriate thermodynamic package to estimate
the physical properties of the streams throughout the
overall process corresponds to an Equation of State
(EoS) [16-17]. The three main EoS considered in this
study were: Peng-Robinson (PR), Soave-Redlich-Kwong
(SRK), and Perturbed Chain Statistical Associating Fluid
Theory (PC-SAFT). Results of equilibrium data for every
EoS were compared to experimental data collected at the
solid-vapor, liquid-vapor, and solid-liquid equilibria re-
gion for different alkane-CO: binary systems [18-25].
Mercado et al. / LAPSE:2026.0373
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Finally, the PR EoS proved to be the thermodynamic
model with the best fit to experimental data. This situa-
tion is explored in Figure 1, where the results of the se-
lected EoS are compared with data reported by Wei et al.
[25].
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Figure 1. Validation of the Peng-Robinson Equation of
State on the vapor-liquid equilibrium region of the C+-COz
binary system at -43 °C

Pseudocritical temperatures

The critical point of a gas mixture is the temperature
and pressure at which the distinction between the gas
and liquid phases disappears. Under this condition, the
dew point and bubble point curves converge to a single
point in the pressure vs. temperature phase diagram [26].

Critical properties are not usually measured for hy-
drocarbon mixtures; instead, they are estimated as pseu-
docritical properties from correlations and depend
strongly on gas composition [6, 26]. Once critical condi-
tions are reached, measuring those properties in vapor
and liquid becomes too difficult [27-28]. To ensure the
accuracy of the results, the authors have defined that
pseudocritical conditions constitute an operational limit
in the simulation. This is illustrated in Figure 2, where the
pseudocritical temperature of the process gas feed was
estimated by varying the CO2 content (25-65%) and the
C.. content (2-10%).

Operating conditions of units

The process is divided into two stages: condensate
production (Figure 3) and dual-pressure, low-tempera-
ture distillation (Figure 4). First, the reservoir gas feeds
the high-pressure separator HG-SEP, which operates at
70 bar and 30 °C. Then, the bottom product flows to the
low-pressure separator LP-SEP, whose conditions can
be optimized to achieve a Reid vapor pressure (RVP) be-
tween 0.69 and 0.82 bar at stream LKO-02 (based on a
commercial specification for the liquid knock-out stream
[29]). Both operations were simulated using a Flash2
model.
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Figure 2. Estimation of the pseudocritical temperature for different compositions of gas feed.
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Figure 3. Setup of the condensate separation step.

At the same time, the top product of HP-SEP is di-
rected towards the expander EXP-E1 (Compr model set
as turbine), reducing its pressure to 42 bar. After the ex-
pansion, the stream is mixed with the top product of the
LP-SEP and then cooled in the Heater model HE-H1, pre-
paring it for the next step.

In the dual-pressure, low-temperature distillation
stage (Figure 4), the gas stream RNG-06 feeds column
COL-D1 (RadFrac model). This first column operates at
42 bar and a temperature range of -82 °C to -16 °C, pro-
ducing an overhead product with approximately 80 mol%
of methane. This distillate is then divided into two
streams: one feeds the bottom of column COL-D2
Mercado et al. / LAPSE:2026.0373
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FUMP-F1

(RadFrac model) directly, and the other (RNG-09) passes
through the heater HE-H2 before heading to COL-D2.
The second column operates at 39 bar and a temperature
range of -89 °C to -84 °C. The bottom product is recy-
cled to COL-D1, passing through Pump model PUMP-P2
to increase the stream pressure to 42 bar. As the CO;
solid formation depends on the increase in CO2 concen-
tration [6], an additional outlet stream was considered in
the column stage with a higher CO2 concentration. As a
result, a rich methane stream is produced at the top of
COL-D2 (greater than 99 mol%). Likewise, a rich methane
stream is produced at the bottom of COL-D1 (approxi-
mately 90 mol%).
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Figure 4. Setup of the dual-pressure, low-temperature distillation step.

Sensitivity analysis

The present study conducted two sensitivity analy-
sis: one evaluating the operating conditions of the LP-
SEP and another assessing those of COL-D2.

The project aims to produce a liquid condensate
stream for sale to oil refineries, so the main objective of
the first stage is to produce a liquid stream from the LP-
SEP that meets commercial requirements. In this work,
the Reid vapor pressure in LKO-03 (Figure 3) is used to
measure its volatility. The Reid vapor pressure is defined
as the vapor pressure of a liquid sample measured in a
chamber at 37.8 °C, according to the D323 method of the
American Society for Testing and Materials (ASTM) [30].
Usually, the Reid vapor pressure of a mixture is lower
than its true vapor pressure, so crude stabilization sys-
tems can be designed to achieve a specified value to
avoid the vaporization of volatile compounds [29].

On the other hand, the main variable used to assess
LNG produced in the second stage of the process is CO:
content, which is expected to be below 50 ppmv. This
low concentration is only possible by operating COL-D2
at cryogenic temperatures ranging from -160 °C to -56
°C [7-8]. This means a challenge since the high concen-
trations of CO2in some stages of the column can lead to
solids formation and to a proximity to the pseudocritical
temperature [6, 17, 27, 28].

To evaluate operating conditions in COL-D2, this
work examined the molar reflux ratio at the top and its
potential impact on the freezing temperature in stages
with higher CO2 concentrations. Thus, the variable ATy

Mercado et al. / LAPSE:2026.0373
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was defined as the difference between the stage tem-
perature and the freezing temperature of the mixture,
mathematically expressed as:

ATp =T, - FT; M

where T; is the temperature of the column at stage i, and
FT,; corresponds to the mixture's freezing temperature at
that stage. Additionally, the minimum reflux ratio is spec-
ified to achieve a COz content below 50 ppmv, as LNG
production is required to meet all specifications. In this
context, ATy works as an indicator of the safety margin
between the freezing and operating temperature. This
way, the research focuses on the operating parameters
to avoid potential risks during the process.

RESULTS AND DISCUSSION

Condensate separation step

The operating conditions in LP-SEP were defined to
achieve a commercial Reid vapor pressure between 0.76
and 0.80 bar. However, the separator pressure was also
determined by the outlet pressure at EXP-E1, since a
pressure difference between RNG-03 and RNG-04 could
imply a problem before entering HE-H1. Similarly, the out-
let pressure at EXP-E1 must support the LNG production
in the next stage. Consequently, the operating pressure
of LP-SEP was fixed, and only the effect of temperature
on the Reid vapor pressure of LKO-03 was evaluated.
The sensitivity of Reid vapor pressure to the temperature
in LP-SEP is illustrated in Figure 5.
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Figure 5. Reid vapor pressure of the condensate stream
as a function of temperature at LP-SEP.

The increase in Reid vapor pressure in LKO-03,
along with the corresponding temperature rise at LP-SEP,
is due to two factors. First, the solubility of methane in
light hydrocarbons (between Cs and Ci), which in-
creases strongly with the pressure rise and with the high
content of such hydrocarbons [31]. Second, the solubility
of COz in hydrocarbon mixtures, which increases with
temperature [17]. Both factors contribute to the presence
of methane and CO:2 (volatile compounds) in LKO-03, re-
ducing the boiling point of the stream and increasing its
vapor pressure [32]. For example, the molar fraction of
COz plus the molar fraction of methane in LKO-03 ranged
between 30 and 40% across the different temperatures.

Downstream, the top product of LP-SEP and the
outlet stream RNG-04 from EXP-E1 are mixed in MIX-M2
(Mixer model), whose outlet constitutes stream RNG-05.
This stream was then cooled in HE-H1, setting the outlet
temperature between the freezing and pseudocritical
points, -42 °C and -68 °C, respectively. This procedure
avoids the solids formation without reaching the pseudo-
critical limit [6].

Dual-pressure, low-temperature distillation
stage

The RNG-06 stream enters COL-D1, which at the
same time is fed by a reflux stream. The composition pro-
files of methane and CO: are illustrated in Figure 6.

The top product in COL-D1 reached a molar fraction
of approximately 95% of methane. This result is similar to
that calculated by Anaugraha et al. [8], who estimated a
methane molar fraction of 88% in the Natuna gas field,
and 99% in the Bojonegoro gas field. In the same way,
Pellegrini et al. [7] estimated a methane molar fraction
between 85% and 92%. The reflux was determined to
feed the column at the tenth stage, reducing the temper-
ature and the CO: concentration. This configuration
avoids the solids formation because the reflux stream has
a methane molar fraction of approximately 90%. The tem-
perature profile, the pseudocritical temperature, and the
freezing temperature throughout each stage in COL-D1
Mercado et al. / LAPSE:2026.0373

Syst Control Trans 5:1345-1352 (2026)

are presented in Figure 7.
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Figure 7. Temperature profile in COL-D1

The rich methane stream produced at the top of
COL-D1 feeds COL-D2, whose methane and CO2 compo-
sition profiles are shown in Figure 8.
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Figure 8. Compositions profile in COL-D2

As suggested by Anaugraha et al. [8] and Pellegrini
et al. [7], the dual-pressure, low-temperature distillation
presents the potential to produce natural gas with a min-
imum fraction of CO2 content. However, the low temper-
atures and high operating pressure pose a risk of solid
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formation. Figure 9 shows the freezing, pseudocritical
and operating temperatures throughout the entire col-
umn COL-D2. This approach aligns with practices pre-
sented in GPSA [6] by considering solid formation and
critical conditions as limits of the operational window.
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Figure 9. Temperature profile in COL-D2

It is important to notice in what stages the higher
risk of solids formation can occur. In the case of this
study the stages where the freezing temperature is close
to the operating temperature are the 22", 23, and 24™.
These stages have CO2 and methane mole fractions of
about 8.7% and 90.3%, respectively. In this context, the
mixture at such stages behaves as a C1-CO:2 binary sys-
tem. These results align with the experimental data
measured by ZareNezhad [21] and GPSA [33], reporting
that the high increase in freezing temperature occurs
with a CO2 molar fraction between 6 and 10%.

Several authors report possible solutions for this
cumbersome situation. Lastari [34] proposed an ap-
proach based on the Ryan/Holmes process by adding
light hydrocarbons (Ca.), affecting the CO: solubility and
concentrations. The GPSA [6], highlighted hydrocarbons
addition led to a temperature rise in the overhead prod-
uct, an increase in the relative volatility between methane
and COg, and a rise in critical pressure, allowing higher-
pressure operation. The Controlled-Freeze Zone (CFZ)
developed by ExxonMobil promotes the CO: freezing in
an open area of the column so that it can be dissolved
and removed in the stripping section [35]. Pellegrini et al.
[7] proposed the dual-pressure low-temperature distilla-
tion process to separate the methane from the CO2. The
high pressures in both columns and the recycling of me-
thane-rich streams can prevent CO: solid formation de-
spite the low temperatures.

In dual-pressure, low-temperature distillation, the
low-pressure column COL-D2 serves as the final stage of
methane purification. In this context, this work proposed
an auxiliary outlet stream at stage 23 that can be mixed
with the bottom product of COL-D1 to reduce CO; con-
centration. This scheme guarantees a methane recovery
at distillate higher than 95%, which is similar to the results
Mercado et al. / LAPSE:2026.0373

reported by Anaugraha et al [8] and Lastari [34], as
shown in Table 2.

Table 2: Hydrocarbon recovery during LNG production

Hydrocarbon This Anaugraha Lastari
recovery (% work

mol/mol)

C1 (top) 95.8% 87.8%-99.9%  99.9%

Ca2- (top) <0.1% 1.6% 0.22%
CO:2 (bottom) 99.9%  98.5%-99.9%  99.9%

Syst Control Trans 5:1345-1352 (2026)

Furthermore, the research analyses the operating
conditions in COL-D2. Thus, the impact of the molar re-
flux ratio that flows from the condenser on the ATy vari-
able on stages 22 and 24 is illustrated in Figure 10.
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Figure 10. Molar reflux ratio effect on AT parameter on
COL-D2

The safety margin between the operating tempera-
ture and freezing temperature increases as the molar re-
flux ratio in COL-D2 increases. This can be explained by
the rise in methane concentration, driven by the higher
reflux rate, which in turn reduces CO: concentration
throughout the column. This affects solid-liquid and
solid-vapor equilibria, reducing the freezing temperature
at all stages.

CONCLUSIONS

The results show that the dual-pressure, low-tem-
perature distillation process is a promising approach for
LNG production in COz-rich gas fields. This product has a
methane molar fraction of up to 99.1% and a CO; content
lower than 50 ppmv. Reducing the CO2 content at certain
stages of the low-pressure column can prevent the for-
mation of solids. This can be achieved by considering an
outlet stream at the stage, increasing the column reflux
rate, and adding light hydrocarbon streams. Additionally,
the presence of a separator upstream of the distillation
stage is key to producing a liquid stream of light hydro-
carbons that meets the commercial requirement of an
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Reid vapor pressure between 0.76 and 0.80 bar.
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