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A B S T R A C T

Component lumping is a common practice to mitigate the computational cost of compositional subsurface
simulations. Lumping consists of grouping original components into pseudo-components to reduce the number
of components representing a mixture. This work presents a systematic global recharacterization strategy using
Lage’s method for recharacterizing the 𝐶6+ or 𝐶7+ fractions. We compared phase diagram and compositional
reservoir simulation results with original and recharacterized fluid compositions. The recharacterized mixtures
obtained by the proposed method accurately presented the original mixtures’ phase diagram and compositional
reservoir behavior. Quantitative error analysis showed that the methodology proposed in this study surpasses a
costly global lumping optimization method available in the literature. The replacement of 𝐶+ fractions by only
four or three new pseudo-components using Lage’s method eliminates the need for lumping important discrete
components, such as CO2, methane, and ethane, which significantly improved the results. Importantly, the fast
methodology presented here offers a means to accurately reduce the number of components characterizing a
subsurface fluid from its original composition, independent of the thermodynamic model, and to standardize
the mixture recharacterization.

1. Introduction

Compositional reservoir simulations have high computational costs
that increase with the number of components used to describe the
mixture. Both reservoir simulation and the mixture thermodynamic
properties prediction using an equation of state (EoS) play crucial
roles (Joergensen and Stenby, 1995; Lolley and Richardson, 1998).
The number of mass conservation equations solved in the composi-
tional flow simulation and equilibrium equations necessary for the
phase equilibrium calculations is proportional to the number of mixture
components. Therefore, the use of a full compositional description
of the reservoir fluid is impractical (Joergensen and Stenby, 1995;
Lolley and Richardson, 1998; Honami et al., 2000; He and Durlof-
sky, 2014). Lumping schemes are employed to pseudoize the fluid
description (Joergensen and Stenby, 1995; Newley and Merrill, Jr.,
1991), substituting its originally identified components by pseudo-
components (Joergensen and Stenby, 1995). Consequently, pseudoiza-
tion may lead to losses in accuracy in the thermodynamic properties
prediction and the simulated reservoir flow behavior (Joergensen and
Stenby, 1995; Rastegar and Jessen, 2009). Hence, mixture recharacter-
ization methods should accurately describe the phenomena of interest
with the smallest number of pseudo-components (Montel and Gouel,
1984).
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Lumping strategies for the 𝐶7+ fraction are readily available in the
literature (Pedersen et al., 1985; Danesh et al., 1992; Whitson, 1983)
and compared elsewhere (Moghadamzadeh et al., 2013; Oliveira et al.,
2023). Particularly, Oliveira et al. (2023) compared three lumping
schemes for the recharacterization of the 𝐶7+ fraction of two condensed
gas mixtures assuming the PC-SAFT EoS (Gross and Sadowski, 2001)
to the method proposed by Lage (2007). The latter reproduced the
phase diagrams constructed with the original mixtures best. Lage’s
methodology applied the quadrature method of moments (QMOM) to
develop the adaptive characterization method, which obtains the fluid
pseudo-components using an optimal quadrature rule whose weight
function is the mixture molar fraction distribution. That is, Lage’s
method is extremely accurate in representing fluid properties and
adaptive to the fluid compositional description (Lage, 2007; Oliveira
et al., 2023).

A standard procedure for global recharacterization of mixtures,
however, is yet to be available in the literature. Montel and Gouel
(1984) presented a lumping scheme based on the similarities of a
few properties of the fluid compounds where an iterative clustering
algorithm around mobile centers yields an optimum set of lumps for a
given equation of state. Their study used the Peng–Robinson EoS (Peng
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Nomenclature

List of Symbols
𝑐 Factor used in Lage’s method
𝑑𝑜,𝑟𝑒 Euclidean distance between the critical

points of original and recharacterized mix-
tures

𝑒𝛽 Vapor fraction error obtained in a flash
condition for the recharacterized mixture.

𝑒𝛽 Vapor fraction error for the recharacterized
mixture.

𝑒𝑐 Composition error obtained in a flash
condition for the recharacterized mixture.

𝑒𝑐 Composition error for the recharacterized
mixture.

𝑒𝑐 ,𝑝ℎ𝑎𝑠𝑒 Composition error obtained in a flash
condition for the recharacterized mixture
in the liquid or vapor phase.

𝐼𝑖 Dimensionless molar mass
𝑀 Molar mass
𝑀0 Molar mass of components in the original

mixture
𝑁 Total number of components in the mixture
𝑁0 Number of components in the original

mixture
𝑁𝑑 Number of all components but the plus

fraction in the original mixture
𝑛𝑙 Number of components lighter than the 𝐶+

fraction
𝑤 Weight of the quadrature
𝑥 Molar fraction
𝑧 Normalized molar fraction
Abbreviations

CCS CO2 capture and storage
SCN Single carbon number
Greek letters
𝛽 Vapor fraction
𝜇 Moment of the normalized discrete distri-

bution
𝛩 Property that depends primarily on the

molar mass
𝜉 Abscissa of the quadrature
Subscripts

𝑐 Critical property
𝑜 Original fluid
𝑟𝑒𝑐 Recharacterized fluid

and Robinson, 1976), but the principles of the method do not depend
on the selected EoS. They compared some results obtained with the
mixture characterization from the proposed methodology with those
using the original fluid composition and a classical lumping method
based on experience, which includes tuning to experimental data.
The results were for the formation volume factor and the amount of
dissolved gas in a differential liberation experiment (for the oil), the
liquid deposit in a constant mass depletion experiment, and the global
gas compressibility factor. Their results, considering 5 and 7 pseudo-
components, show the poor accuracy of the lumping scheme based on
experience.

Newley and Merrill, Jr. (1991) developed a lumping scheme based
on minimizing the difference between the equilibrium ratios of the
original components and the pseudo-component to which they are
assigned. For this, they ordered the components by equilibrium ratio
values and assumed an initial component grouping determined on an
equal-mole-fraction basis. They obtained good results for the lumped
mixture models compared to the original mixture composition through
PVT data, phase behavior curves, and one-dimensional compositional
simulation results, such as reservoir pressure, oil recovery, gas–oil ratio,
and liquid saturation.

Joergensen and Stenby (1995) compared three different grouping
methods to formulate a generalized set of rules for the pseudoization
of reservoir fluids. The three selected grouping methods were: (A)
equality of mole fractions, where the original components of the fluid
are ordered concerning their normal boiling point and grouped to form
pseudo-components with approximately equal mole fractions (Kay,
1936); (B) equality of weight fractions, similar to (A) but forming
pseudo-components with equal weight fractions (Pedersen et al., 1985);
and (C) multi-variant lumping, which groups pure components with
similar properties using an iterative scheme, in which the distances
between the pure components and the pseudo-components proper-
ties are minimized (Montel and Gouel, 1984). Joergensen and Stenby
(1995) employed the SRK EoS and evaluated the lumping schemes by
simulating phase equilibrium and PVT experiments. Two grouping rules
were assumed: never group methane and do not group ethane with
components heavier than propane. The accuracy of the analyzed lump-
ing schemes depended primarily on the number of pseudo-components
used in the fluid descriptions. For their experimental data, they showed
that the optimal number of pseudo-components ranged from six to
eight.

Mello et al. (2011) evaluated the impact of simplifications in the
fluid characterization on reservoir compositional simulations, particu-
larly the effects of oil production predictions and computational costs.
They proposed a variety of lumping schemes and analyzed two different
tuning techniques (Coats and Smart, 1986; Pedersen et al., 1988), each
one considering a different EoS for the fluid characterization. They
employed a reservoir model based on the SPE 10th (Christie and Blunt,
2001) comparative study and the oil data from Pedersen et al. (1989).
They concluded that the number of pseudo-components, the lumping
scheme, and the tuning method are all crucial for correctly reproducing
oil’s original data.

Alavian et al. (2014) presented a global pseudoization procedure
based on (i) selecting all plausible lumping combinations assuming
a few imposed constraints and (ii) quantifying the prediction errors
of some experimental data using the chosen EoS and the lumped
fluid composition. Their method proposes finding an optimal pseu-
doized EoS model to a particular reservoir development. The desired
number of pseudo-components, the thermodynamic model, and the
experimental data are inputs of the procedure. They evaluate the
accuracy of the lumped model by a weighted root mean square (RMS)
difference between experimental and calculated PVT properties, em-
ploying the Peng–Robinson EoS and Lorentz–Bray–Clark viscosity cor-
relation (Lohrenz et al., 1964). They employed the PhazeComp EOS
Modeling software (Zick Technologies, 2024) correlations for calcu-
lating pseudo-components properties. By analyzing five reservoir flu-
ids, Alavian et al. (2014) concluded that their methodology was suc-
cessful in generating lumped fluid compositions that reproduce well the
behavior of the original fluid model.

Some suggestions exist on how to evaluate the performance of lump-
ing schemes. Lolley and Richardson (1998) proposed a guideline for
accepting a pseudoized mixture. They assumed that the recharacterized
fluid had to match PVT and laboratory data within 5% and must give
a simulated reservoir production behavior that agrees within 10% to
those using the original fluid. This study used a commercial phase
calculation program to tune the EoS parameters and pseudoization
calculations. They assumed the Peng–Robinson EoS and used vapor
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pressure, steam distillation, and viscosity measurements to tune the EoS
parameters. The base case was a forty-component fluid characterization
of a heavy oil mixture. The results showed that a minimum of four
pseudo-components were required to simulate thermal processes and
recovery mechanisms accurately in the steam flooding of this heavy oil
based on the criteria defined in the study. Honami et al. (2000) re-
ported results of accuracy and efficiency of lumping schemes regarding
compositional reservoir simulation for datasets of gas condensates and
volatile oils. They observed that the number of pseudo-components did
not affect the predictions of pressure, composition, and production per-
formance, which were affected by the quality of PVT data regression.
However, the CPU time of flash calculations increased exponentially
with the number of pseudo-components.

Although, several lumping schemes have been defined and investi-
gated, particularly using cubic EoSs and critical properties correlations,
a standard and accurate methodology decoupled from tuning processes
and depending only on composition data would be particularly interest-
ing. Therefore, this study proposes a systematic and accurate method-
ology to recharacterize the original fluid composition to reduce the
number of components describing the fluid phase, consequently reduc-
ing simulation times, and making compositional reservoir simulations
faster, viable, and more trustful.

For this, here we propose lumping strategies for the discrete com-
ponents based on literature and research insights and the use of the
recharacterization method proposed by Lage (2007) for the 𝐶6+ or 𝐶7+
fractions. Importantly, this is the first time the method of Lage (2007) is
used for compositional reservoir simulations. We employed the Peng–
Robinson EoS for PVT calculations, generating phase diagrams with
the original and recharacterized mixture compositions. The results are
discussed based on quantitative error analysis and comparisons to liter-
ature data. Finally, we conducted compositional reservoir simulations,
comparing results for gas–oil ratio, hydrocarbon recovery, and CO2
composition.

2. Methodology

This section describes the global recharacterization method pro-
posed in this study and the methodology developed by Alavian et al.
(2014) used for comparison. It also introduces the PVT EoS, mixtures’
characterization, reservoir models, and numerical procedures.

2.1. Global recharacterization method

The proposed global lumping scheme for the mixture composition
combines some grouping rules for the discrete components with the
recharacterization method of Lage (2007) for the 𝐶7+ or 𝐶6+ fractions.
Importantly, this method does not include any re-tuning of the EoS pa-
rameters for the new pseudo-components. Therefore, it is independent
of the thermodynamic model and requires no experimental data.

2.1.1. Single carbon number (SCN) components
The first step of our methodology is lumping chemical components

with six or more carbons into single carbon number (SCN) components
(C6, C7, and others) if such non-lumped components are present in the
original mixture composition.

2.1.2. Recharacterization method of Lage (2007) for the 𝐶+ fraction
Consider the fluid composition with 𝑁0 components with molar

mass 𝑀0
𝑖 and molar fractions 𝑥0𝑖 , 𝑖 = 1,… , 𝑁0, in which the plus frac-

tion (𝐶6+ or 𝐶7+) has been already described using SCN components.
The last component (𝑖 = 𝑁0) is usually a heavy plus fraction (𝐶20+,
𝐶30+, or even heavier).

The method recharacterizes the plus fraction (𝐶6+ or 𝐶7+) described
by SCN components using the adaptive recharacterization method de-
veloped by Lage (2007). Its main assumption is that the thermodynamic
model parameters of the plus fraction are primarily a function of the

molar mass, for which correlations are available.
The SCN components of the 𝐶6+ or 𝐶7+ fractions belong to the

index range [𝑁𝑑 + 1, 𝑁0], where 𝑁𝑑 is the number of original mixture
discrete components that will form 𝑛𝑙 lumps using the grouping rules
described in the following. Thus, the recharacterized mixture has 𝑁 =
𝑛𝑙 + 𝑛𝑝 components with molar mass 𝑀𝑖, and molar fraction 𝑥𝑖, 𝑖 =
1,… , 𝑁 , being 𝑛𝑝 the chosen number of new pseudo-components used
to recharacterize the plus fraction (Oliveira et al., 2023). Usually, 𝑛𝑝 =
2, 3 or 4 suffices.

The method of Lage (2007) calculates the Gauss–Christoffel quadra-
ture rule from the moments of the molar fraction discrete distribution in
terms of the molar mass. The Gauss–Christoffel quadrature is a Gaussian
quadrature whose weighting function is an unknown distribution, for
which only their moments are known. If 2𝑁 of such moments are
available, one can calculate the 𝑁-point Gauss–Christoffel quadrature
using several methods (Chicralla et al., 2019; John and Thein, 2012).
We can interpret the resulting 𝑁-point Gauss–Christoffel quadrature as
a new discrete distribution defined by the weighted sum of 𝑁 Dirac
delta distributions at the quadrature abscissas using the corresponding
quadrature weights. This new discrete distribution has the same values
for the first 2𝑁 moments of the original distribution. Thus, it is a
discrete distribution that approximates the original distribution.

For calculating the Gauss–Christoffel quadrature, it is convenient to
normalize the molar fractions of the plus fraction:

𝑧𝑖 =
𝑥𝑖

∑𝑁0

𝑗=𝑁𝑑+1
𝑥𝑗

, (1)

and dimensionless molar masses defined by

𝐼𝑖 = 𝑐
𝑀0

𝑖 −𝑀0
𝑁𝑑+1

𝑀0
𝑁0 −𝑀0

𝑁𝑑+1

(2)

where 𝑐 is a factor close to one chosen to make the required mo-
ments of the discrete distribution {𝑧𝑖, 𝐼𝑖}𝑁0

𝑖=𝑁𝑑+1
to have values close to

one (Chicralla et al., 2019), which are given by:

𝜇𝑘 =
𝑁0
∑

𝑖=𝑁𝑑+1
𝑧𝑖𝐼

𝑘
𝑖 , ∀𝑘 (3)

One can compute the 𝑛𝑝-point Gauss–Christoffel quadrature rule
from the 2𝑛𝑝 first moments (𝜇𝑘, 𝑘 = 0, 1,… , 2𝑛𝑝− 1) by several methods,
which are reviewed elsewhere (Chicralla et al., 2019; John and Thein,
2012). Let 𝜉𝑗 and 𝑤𝑗 , 𝑗 = 1,… , 𝑛𝑝, be the abscissas and weights of this
quadrature. Then, the new pseudo-components that represent the plus
fraction in the global recharacterized mixture have the molar masses
given by:

𝑀𝑛𝑙+𝑖 = 𝜉𝑖
𝑀0

𝑁0 −𝑀0
𝑁𝑑+1

𝑐
+𝑀0

𝑁𝑑+1
, 𝑖 = 1,… , 𝑛𝑝 (4)

whose molar fractions are

𝑥𝑛𝑙+𝑖 = 𝑤𝑖

𝑁0
∑

𝑗=𝑁𝑑+1
𝑥0𝑗 , 𝑖 = 1,… , 𝑛𝑝 (5)

For any property that depends primarily on the molar mass, 𝜃(𝑀),
the corresponding 𝐶+ fraction property is given by:

𝛩 =
𝑁0
∑

𝑗=𝑁𝑑+1
𝜃(𝑀0

𝑗 )𝑥
0
𝑗 (6)

that can be accurately approximated by

𝛩 ≅
𝑛𝑝
∑

𝑗=1
𝑥𝑛𝑙+𝑗𝜃(𝑀𝑛𝑙+𝑗 ) (7)

using the recharacterized mixture composition.
The reader can find more details in the works of Lage (2007), Chicralla

et al. (2019), and Oliveira et al. (2023). Additionally, the code for
implementing Lage’s method is freely available in a public reposi-
tory (Lage, 2024).

Geoenergy Science and Engineering 247 (2025) 213658 

3 



B.F. Esteves et al.

2.1.3. Grouping rules for remaining discrete components
We defined four grouping rules for the proposed global recharacter-

ization method using the literature and insights obtained throughout
this investigation. Using 𝑛𝑝 = 3 or 4 for the 𝐶+ fraction, these rules
gave recharacterized mixtures with 8 or 9 components that accurately
represented the PVT properties of the analyzed mixtures and were
amenable to performing reservoir compositional simulations.

1. Carbon dioxide (CO2) remains ungrouped due to the imperative
need for accurate and reliable CO2 thermodynamic properties
for the development of CO2 capture and storage (CCS) tech-
nologies (Wang et al., 2019). This approach was also assumed
in other studies (Montel and Gouel, 1984; Alavian et al., 2014;
Mello et al., 2011).

2. Methane (CH4) groups only with nitrogen (N2) because methane
plays a crucial role in understanding the phase behavior of most
reservoir fluids (Joergensen and Stenby, 1995) and N2 is usually
present in trace amounts.

3. Ethane (C2H6) and propane (C3H8) remain ungrouped. Although
Joergensen and Stenby (1995) suggests grouping C2H6 and
C3H8, we verified the importance of keeping these components
ungrouped in the recharacterized mixture.

4. Components with four and five carbon atoms form a single group
when applying the method of Lage (2007) to the 𝐶6+ fraction.
Similarly, components with four, five, and six carbons form a
single group when recharacterizing the 𝐶7+ fraction.

If a mixture with fewer components is necessary, one should first
consider lumping C2H6 and C3H8.

2.2. Global lumping method of Alavian et al. (2014)

In order to compare our methodology with another method, we
selected the results from the global component lumping method de-
veloped by Alavian et al. (2014). This method uses optimization tech-
niques to find the best match between the original and pseudoized
mixtures’ results among all feasible lumping combinations. Besides, the
best lumping scheme also depends on the weight factors used in the
optimization objective function to weigh the errors of the different
mixture properties. The reader should consult the original reference for
more details on this method.

2.3. PVT simulation

We calculated phase diagrams to compare fluid behaviors ob-
tained by the recharacterized and original fluid compositions using
the commercial PVT simulator WinProp/CMG (Computer Modelling
Group Ldt., 2022). After defining the fluid components and their molar
fractions, we chose the EoS model and correlations to determine fluid
properties. Only cubic EoSs are available in this software, which usually
occurs for most commercial reservoir simulators.

2.3.1. Peng–Robinson EoS
We selected the Peng and Robinson (1976) EoS, a commonly used

thermodynamic model. The binary interaction parameters (BIP) were
assumed null, fluid viscosities came from Pedersen viscosity correla-
tion (Pedersen and Fredenslund, 1987), and the critical properties and
acentric factor for pure components were calculated using Twu (1984)
and Lee and Kesler (1975) correlations, respectively.

We calculated the critical properties for discrete components or
pseudo-components as described below.

• Pure components’ critical properties came directly from the liter-
ature.

• Original SCN components’ critical properties were obtained using
correlations based on the molar mass (Hosseinifar and Jamshidi,
2014). See Appendix A for more details.

Table 1
Flash points selected for error analysis.

Flash point T (◦C) P (kPa) Description

P1 50 10 000 Close to the bubble point curve
P2 200 10 000 Far from the phase envelope
P3 250 18 000 Close to bubble point curve
P4 363 14 042 0.95 𝑃𝑐 and 0.95 𝑇𝑐
P5 450 80 000 Close to the dew point curve

Fig. 1. Phase diagram for the original composition of Mixture B and location of the
five flash points used in the error analysis.

• Lumped components’ critical properties came from the molar
averaging of the original components’ properties (Kay, 1936).

• Re-characterized components’ critical properties also came from
correlations based on the molar mass (Hosseinifar and Jamshidi,
2014).

We assumed the simple molar averaging strategy for obtaining
molar masses and critical properties of lumped components based
on Joergensen and Stenby (1995), who tested four property calcula-
tion methods for lumped components derived from pure components:
molar averaging, weight-based average, and mixing-rule based calcu-
lations with and without temperature dependency. They showed that
the method based on mixing rules without temperature dependency
performed worse than the others.

2.4. Error analysis

In order to quantify the accuracy of the recharacterized compo-
sitions obtained using our global recharacterization method and the
method developed by Alavian et al. (2014), we performed an error
analysis for Mixture B considering the accuracy of the critical points
(𝑃𝑐 and 𝑇𝑐), and the errors in vapor fraction (𝛽) and compositions in
flash separations.

Table 1 gives the five selected flash conditions, and Fig. 1 shows
their location within the phase diagram of the original mixture.

2.4.1. Critical point error
The error between the predicted values of 𝑃𝑐 and 𝑇𝑐 using the

original and recharacterized mixture compositions is defined by the
Euclidean distance (𝑑𝑜,𝑟𝑒𝑐) between these points in the normalized plane
𝑃
𝑃𝑐

× 𝑇
𝑇𝑐

given by:

𝑑𝑜,𝑟𝑒𝑐 =

√

(

1 − 𝑃𝑐 ,𝑟𝑒𝑐
𝑃𝑐 ,𝑜

)2
+
(

1 − 𝑇𝑐 ,𝑟𝑒𝑐
𝑇𝑐 ,𝑜

)2
(8)

where 𝑃𝑐 ,𝑟𝑒𝑐 and 𝑇𝑐 ,𝑟𝑒𝑐 are the critical pressure and temperature of the
recharacterized mixture and 𝑃𝑐 ,𝑜 and 𝑇𝑐 ,𝑜 represent these properties for
the original mixture.
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Fig. 2. Reservoir grid top view locating the injector (I11) and production (P11) wells.
The reservoir is shown with a vertical exaggeration of 3×.

Fig. 3. Phase diagrams for Mixture A using the original mixture composition and
recharacterizations in which the light components (C2 to C5) are grouped or not.

2.4.2. Vapor fraction error (𝑒𝛽)
We calculated the absolute error in 𝛽 prediction for each flash condi-

tion (𝑒𝛽) by comparing the results for the original and recharacterized
mixtures. Then, we determined the mean vapor fraction error (𝑒𝛽) as
the arithmetic average of the 𝑒𝛽 values for the five flash conditions
selected for this study.

2.4.3. Composition error (𝑒𝑐)
To compare the compositional error between the results of a mixture

recharacterization and its original composition, we summed the molar
compositions obtained for the original mixture corresponding to each
recharacterized pseudo-component. For instance, if one recharacteriza-
tion lumps C2 and C3, the lumped molar fraction is compared to the
sum of the molar fractions of C2 and C3 in the original mixture. For the
𝐶+ fraction, we summed the molar fractions of all pseudo-components
in this fraction in both original and recharacterized mixtures and then
compared them.

After determining the errors in the new pseudo-components molar
fractions, we calculated the arithmetic average of their absolute values
for each phase to determine the phase compositional error (𝑒𝑐 ,𝑝ℎ𝑎𝑠𝑒),
whose arithmetic average defines the compositional error of a flash
calculation (𝑒𝑐). The overall composition error 𝑒𝑐 is the average of 𝑒𝑐
for the selected five flash conditions.

2.5. Reservoir simulator

This study employed the commercial compositional reservoir sim-
ulator GEM/CMG (Computer Modelling Group Ldt., 2022). For refer-
ence, when discussing run-time in the results section, a computer with

Fig. 4. Phase diagrams for Mixture A using the original mixture composition and
recharacterizations that the 𝐶6+ or 𝐶7+ fractions are represented using three or four
pseudo-components.

Fig. 5. Phase diagrams for Mixture B using the original mixture composition and
recharacterizations given by our method and that proposed by Alavian et al. (2014).

an Intel(R) Core(TM) i7-8750H CPU @ 2.20 GHz was used to perform
the simulations and an average value of three runs is presented. In all
simulations, we choose the single-point upwinding scheme, which is
first-order accurate, for spatial discretization, and an adaptive implicit
method that blends forward and backward Euler schemes, which are
both first-order accurate, for time discretization.

2.6. Mixtures and reservoir model

This study considered two mixtures whose original compositions
are given below. The reservoir model used to perform compositional
simulations is also presented in this section.

2.6.1. Mixture A
Mixture A was a recombined live oil that original composition came

from the gas chromatography of its flash products (Costa et al., 2022).
Appendix B describes Mixture A, including its components, their molar
masses, molar fractions, and critical properties.

We compared six recharacterization schemes for this fluid in or-
der to evaluate the effects on its phase equilibrium behavior when
assuming: (a) 𝐶2 and 𝐶3 were either grouped or ungrouped in the
recharacterized mixture, (b) 𝐶4 and 𝐶5 were either grouped or un-
grouped in the recharacterized mixture, and (c) using three or four
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Table 2
Components of Mixture A.
Characterization 𝑁 Components

Original 41

CO2, CH4, C2H6, C3H8, 𝑖C4, 𝑛C4, 𝑖C5, 𝑛C5, C6,
m-cyclo-C5, benzene, cyclo-C6, C7, m-cyclo-C6, toluene,
C8, C2-benzene, m&p-xylene, o-xylene, C9, C10, C11,
C12, C13, C14, C15, C16, C17, C18, C19, C20,
C21, C22, C23, C24, C25, C26, C27, C28, C29, C30+

R1 7 CO2, C1, C2 − C3, C4 − C5, and 3 pseudos for C6+
R2 10 CO2, C1, C2 − C3, 𝑖C4, 𝑛C4, 𝑖C5, 𝑛C5, and 3 pseudos for C6+
R3 8 CO2, C1, C2, C3, C4 − C5, and 3 pseudos for C6+
R4 9 CO2, C1, C2, C3, C4 − C5, and 4 pseudos for C6+
R5 8 CO2, C1, C2, C3, C4 − C6, and 3 pseudos for C7+
R6 9 CO2, C1, C2, C3, C4 − C6, and 4 pseudos for C7+

Table 3
Components of Mixture B.

Characterization 𝑁 Components

Original 34

N2, CO2, CH4, C2H6, C3H8, 𝑖C4, 𝑛C4, 𝑖C5,
𝑛C5, C6, C7, C8, C9, C10, C11, C12, C13,
C14, C15, C16, C17, C18, C19, C20, C21,
C22, C23, C24, C25, C26, C27, C28, C29, C30+

Alavian’s 9 N2, CO2, C1, C2 − C3, C4 − C6, C7 − C11,
C12 − C15, C16 − C23, C24 − C30+

R1 9 CO2, N2 − C1, C2, C3, C4 − C6, and 4 pseudos for C7+

R2 9 CO2, N2 − C1, C2, C3, C4 − C5, and 4 pseudos for C6+

pseudo-components representing the 𝐶+ fraction. Table 2 summarizes
the analyzed characterizations for Mixture A, where 𝑁 is the total
number of components in the mixture.

2.6.2. Mixture B
Mixture B is a reservoir fluid generated from a gas condensate

composition using an isothermal chemical-gravity segregation model,
described in the work of Alavian et al. (2014) as their less-volatile oil
(LVO) with solution GOR of 1000 scf/STB. Appendix C gives Mixture
B’s complete composition and thermodynamic properties of its thirty-
four components. The optimization strategy of Alavian et al. (2014)
generated the best lumping scheme for fluid B with nine components.
The goal of using Mixture B was to compare the proposed global
recharacterization strategy to the one proposed by Alavian et al. (2014)
using two recharacterization schemes with nine components, as in the
best-lumped mixture given by Alavian et al. (2014). All mixture B’s
characterizations are briefly described in Table 3.

2.6.3. Reservoir model
The benchmark model UNISIM-IV-2019 (Botechia et al., 2023) for

subsurface reservoirs was used in this study, with some simplifications.
The model has a grid resolution of 200 × 200 × 5 m, with 47 × 39 × 291
blocks in ‘i’, ‘j’ and ‘k’ directions, respectively, totaling 533,403 blocks,
from which 63,694 are active in our simulations. Fig. 2 shows the
reservoir model depicting the locations of the injector and producer
wells. A maximum surface gas rate constraint of 4,000,000 m3/day for
the injector well and a maximum total surface liquid rate constraint
of 8000 m3/day for the producer well were assumed. Porosity and per-
meability assumed a normal distribution and a log-normal distribution,
respectively. Other simulation conditions are: the rock compressibility
at 50,000 kPa was 5 × 10−7 k Pa−1, the reservoir pressure at 5300 m was
62,000 kPa, and the reservoir temperature was 100 ◦C. The reader can
find more details in the work of Botechia et al. (2023).

3. Results and discussion

This section compares the results for the phase diagrams and com-
positional reservoir simulations obtained using the original mixtures’
compositions and their recharacterizations.

3.1. Phase diagrams

In order to determine the best lumping scheme for the discrete
components, firstly, we compared phase diagrams aiming to evaluate
the reproducibility of using recharacterized compositions for Mixture A.
Fig. 3 presents the phase diagrams constructed considering the original
composition of Mixture A, and recharacterizations R1, R2, and R3
described in Table 2.

Fig. 3 clarifies the relevance of maintaining ethane (C2H6) and
propane (C3H8) ungrouped in the mixture recharacterization, as can
be seen by the red curve (R3). Furthermore, the accuracy obtained by
recharacterization R3, with only eight components, effectively repro-
ducing the behavior of the original fluid composition with 41 compo-
nents, was only possible because the highly accurate method developed
by Lage (2007) used to recharacterize the 𝐶6+ fraction with only three
new pseudo-components.

Fig. 4 demonstrates that the global recharacterization strategy
works properly using the method of Lage (2007) for the 𝐶6+ or 𝐶7+
fractions recharacterizations using three and four pseudo-components.
As can be seen, global recharacterizations R3 to R6, ranging between
eight and nine components, reproduced the behavior of the original
composition of Mixture A (41 components) well.

Aiming to evaluate the advantages of our systematic global method-
ology over the method developed by Alavian et al. (2014), we applied
our method to characterize Mixture B (see Table 3). Fig. 5 presents the
phase diagrams obtained using the original composition of Mixture B
(34 components) and the recharacterizations generated by the methods
of Alavian et al. (2014) and our global recharacterization method (see
Table 3). The recharacterization mixtures using the method of Lage
(2007) presented a better representation of the original fluid than the
composition generated assuming the strategy of Alavian et al. (2014),
particularly for temperature values larger than 400 ◦C. Importantly,
the global lumping scheme by optimization proposed by Alavian et al.
(2014) needed to test 142.506 lumping combinations to determine the
best-recharacterized composition, while our method is straightforward.
Moreover, the optimization in Alavian et al. (2014) method depends on
the choice of weighting factors to weigh the errors in the selected prop-
erties, that depends on the application. Therefore, it is not completely
systematic.

These results show clear advantages of having an accurate and
systematic global recharacterization method that is straightforward in
generating a representative reduced fluid composition.

3.2. Error analysis

This section presents the error analysis of PVT results using the
recharacterization methods described in Table 3 for Mixture B to
quantify the observed advantages of using the systematic global rechar-
acterization method proposed in this work.

Starting with the critical properties’ error, Table 4 presents the
Euclidean distance calculated for original and recharacterized compo-
sitions of Mixture B. The recharacterization using Alavian et al. (2014)
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Fig. 6. Compositional simulation results using Mixture A as reservoir fluid: (a) Gas–oil ratio. (b) Hydrocarbon recovery factor. The secondary axis shows the absolute difference
between properties from the recharacterized and original composition.

Fig. 7. Compositional simulation results using Mixture B as reservoir fluid: (a) Gas–oil ratio. (b) Hydrocarbon recovery factor. The secondary axis shows the absolute difference
between properties from the recharacterized and original composition.
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Table 4
Euclidean distance between critical properties points of the original and recharacterized
compositions of Mixture B.

Composition Components
𝑇𝑐 ,𝑟𝑒𝑐
𝑇𝑐 ,𝑜

𝑃𝑐 ,𝑟𝑒𝑐
𝑃𝑐 ,𝑜 𝑑𝑜,𝑟𝑒𝑐

Original 34 1.0000 1.0000
Alavian’s 9 0.9999 0.9920 0.0080
R1 9 0.9985 1.0001 0.0015
R2 9 0.9993 0.9992 0.0010

Table 5
Vapor fraction, its error, and the molar fraction errors for the Alavian et al.’s
recharacterization of Mixture B.

Flash point 𝛽 (𝑒𝛽 ) Phase 𝑒𝑐 ,𝑝ℎ𝑎𝑠𝑒 𝑒𝑐

P1 0.055 (0.008) liq 0.04 0.082
vap 0.124

P2 0.425 (0.003) liq 0.028 0.038
vap 0.049

P3 0.027 (0.003) liq 0.01 0.019
vap 0.027

P4 0.516 (0.009) liq 0.022 0.023
vap 0.023

P5 0.959 (0.012) liq 0.065 0.067
vap 0.07

�̄�𝜷 = 𝟎.𝟎𝟎𝟔𝟖 �̄�𝒄 = 𝟎.𝟎𝟒𝟔

Table 6
Vapor fraction, its error, and the molar fraction errors for the R1 recharacterization of
Mixture B.

Flash point 𝛽 (𝑒𝛽 ) Phase 𝑒𝑐 ,𝑝ℎ𝑎𝑠𝑒 𝑒𝑐

P1 0.059 (0.004) liq 0.058 0.067
vap 0.076

P2 0.427 (0.001) liq 0.027 0.019
vap 0.011

P3 0.023 (0.007) liq 0.055 0.042
vap 0.03

P4 0.527 (0.002) liq 0.018 0.026
vap 0.034

P5 0.947 (0.000) liq 0.024 0.015
vap 0.005

�̄�𝜷 = 𝟎.𝟎𝟎𝟐𝟖 �̄�𝒄 = 𝟎.𝟎𝟑𝟒

presented the largest value of the Euclidean distance, meaning that this
strategy has the largest error regarding the critical points (𝑃𝑐 and 𝑇𝑐)
of the original composition, which is quantitative evidence that the
method of Alavian et al. (2014) was associated with the worst overall
representation of Mixture B, as observed in the phase diagrams.

Tables 5, 6, and 7 present the vapor fraction, its error, and the
molar fraction errors for the recharacterizations of Mixture B at the
five selected flash conditions (see Fig. 1). R1 and R2 recharacteriza-
tions presented smaller 𝑒𝑐 and 𝑒𝛽 values than those using the method
of Alavian et al. (2014).

3.3. Compositional reservoir simulations

This section presents the investigation of using the original and
recharacterized compositions of Mixtures A and B as reservoir flu-
ids in compositional simulations, comparing the predicted reservoir
performances.

Fig. 6 presents the gas–oil ratio (Fig. 6(a)) and the hydrocarbon
recovery factor (Fig. 6(b)) simulated using the original and R3 rechar-
acterization compositions of Mixture A. Both results behave similarly

Table 7
Vapor fraction, its error, and the molar fraction errors for the R2 recharacterization of
Mixture B.

Flash point 𝛽 (𝑒𝛽 ) Phase 𝑒𝑐 ,𝑝ℎ𝑎𝑠𝑒 𝑒𝑐

P1 0.061 (0.002) liq 0.032 0.032
vap 0.032

P2 0.427 (0.001) liq 0.017 0.012
vap 0.006

P3 0.026 (0.005) liq 0.035 0.023
vap 0.01

P4 0.525 (0.000) liq 0.024 0.021
vap 0.018

P5 0.947 (0.000) liq 0.01 0.007
vap 0.004

�̄�𝜷 = 𝟎.𝟎𝟎𝟏𝟔 �̄�𝒄 = 𝟎.𝟎𝟏𝟗

Table 8
Simulation run-times for recharacterizations of Mixture B.

Composition Components Elapsed seconds

Original 34 3539
Alavian’s 9 495
R1 9 463
R2 9 474

during the 26 years of gas injection, making it necessary to plot the
differences between original and recharacterized mixtures to emphasize
the observed behavior. Therefore, the reduction from 41 to 8 compo-
nents generated the same results but ten times faster, which is a huge
computational gain for compositional reservoir simulations.

Fig. 7 presents the compositional simulation results for the gas–oil
ratio (Fig. 7(a)) and hydrocarbon recovery (Fig. 7(b)) that used Mixture
B compositions as the reservoir fluid. As can be observed, curves are
pretty much the same for the original composition with thirty-four
components and recharacterized compositions with nine components,
presenting also small differences between variables obtained from orig-
inal and recharacterized mixtures. Note that discrepancies between the
two methods are not evident because the reservoir temperature used in
the simulations (and typical of such systems) is in the phase diagram
zone where the method of Alavian et al. (2014) was able to represent
the original behavior of Mixture B fairly (see Fig. 5). However, the
method of Alavian et al. (2014) always presented the largest differences
between the simulation results using the recharacterized and original
compositions, as shown in Fig. 7.

Table 8 gives the average simulation times for using the differ-
ent compositions of Mixture B, showing that the simulations using
recharacterized compositions were 7–7.5 times faster than that with
the original composition.

Finally, Figs. 8 and 9 present the global mole fraction of CO2 in
a plane in 2024 and 2046, respectively before and after gas break-
through. The accurate result for the CO2 when using simplified fluid
models is striking.

Even though Alavian et al. (2014) global lumping method resulted
in a recharacterized mixture that gave good reservoir simulation re-
sults, it is important to remember that it is more costly and less
systematic than the method proposed by this study.

4. Conclusions

This study presented a systematic global recharacterization method-
ology for reducing the number of components describing a complex
mixture. We used two fluid compositions obtained from the literature.

We compared the results for phase diagrams, flashes, and com-
positional simulations using the original fluid compositions to those
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Fig. 8. Mixture B global mole fraction of CO2 in a reservoir cut at 2024 (before breakthrough): (a) Original composition, (b) Alavian’s, (c) R1, and (d) R2.

obtained with their recharacterized compositions. Error analyses of
those results showed that our methodology reached results better than
those of another one available in the literature.

Importantly, the highly accurate recharacterization method of Lage
(2007), which effectively replaces the 𝐶6+ and 𝐶7+ fractions by only
four or three new pseudo-components, eliminates the need for lumping
of important discrete components such as CO2, methane, and ethane,
that significantly improves the simulation results.

Therefore, coupling specific grouping rules for the discrete compo-
nents and using Lage’s method for the 𝐶+ fraction recharacterization
provides an accurate fluid description for high-demanding composi-
tional simulations.
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Appendix A. Correlations for SG and critical properties

Hosseinifar and Jamshidi (2014) proposed a method to predict
critical properties, acentric factor, molecular weight, and normal boil-
ing point based on only the molecular mass, assuming an auxiliary
relation for the specific gravity. They showed that the proposed method
performs more accurately for pure substances and petroleum fractions
than conventional methods.

Only the molar masses of the mixtures’ components were available
in our study. Thus, we assumed the following auxiliary relation for
specific gravity:

𝑆 𝐺 =
(

𝑎 𝑀𝑏 + 𝑐𝑑
)

(9)

where, for petroleum fractions, 𝑎 = 0.0089, 𝑏 = 0.70799, 𝑐 = −0.14064,
and 𝑑 = 0.13199. The general form of the correlations for the critical
properties and acentric factor is:
𝛷(𝑓 (𝑆 𝐺), 𝑀) = (

𝐴 𝑓 (𝑆 𝐺)𝐵 𝑀𝐶 +𝐷 𝑓 (𝑆 𝐺)𝐸 𝑀𝐹 ) (10)

where

𝑓 (𝑆 𝐺) =
√

3 + 2 𝑆 𝐺
3 − 𝑆 𝐺 , (11)

and the parameters for Eq. (10) are described for each specific property
in Table A.1.

Appendix B. Mixture A

B.1. Original composition

See Table B.1.

B.2. Recharacterized compositions

See Table B.2.

Appendix C. Mixture B

C.1. Original composition

See Table C.1.

C.2. Recharacterized compositions

See Table C.2.

Data availability

The code for calculating Lage’s mixture recharacterization method
is available in a public repository.

Fig. 9. Mixture B global mole fraction of CO2 in a reservoir cut at 2046 (after breakthrough): (a) Original composition, (b) Alavian’s, (c) R1, and (d) R2.
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Table A.1
Coefficients in Eq. (10) to estimate critical properties for petroleum fractions (Hosseinifar and Jamshidi, 2014).
𝛷 𝐴 𝐵 𝐶 𝐷 𝐸 𝐹 𝐺

𝑇𝑐 −1.60557 −2.97959 −0.02555 6.98661 1.36983 0.04822 2.44263
𝑃𝑐 0.04555 −0.49263 0.42692 0.58856 7.58044 −0.70954 −5.86206
𝜔 −0.002972 9.670163 0.20558 0.00126 −1.67098 1.273 0.40017

Table B.1
Original composition of Mixture A. The last column refer to the reference of the critical properties calculation method.

# Component M 𝑀𝑤 𝑃𝑐 𝑇𝑐 𝜔 Reference

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2H6 30.07 8.11 48.20 305.40 0.10 Computer Modelling Group Ldt. (2022)
4 C3H8 44.10 5.35 41.90 369.80 0.15 Computer Modelling Group Ldt. (2022)
5 𝑖C4 58.12 0.01 36.00 408.10 0.18 Computer Modelling Group Ldt. (2022)
6 𝑛C4 58.12 0.00 37.50 425.20 0.19 Computer Modelling Group Ldt. (2022)
7 𝑖C5 72.15 0.01 33.40 460.40 0.23 Computer Modelling Group Ldt. (2022)
8 𝑛C5 72.15 0.01 33.30 469.60 0.25 Computer Modelling Group Ldt. (2022)
9 C6 84.00 0.13 32.65 517.20 0.27 Hosseinifar and Jamshidi (2014)
10 m-cyclo-C5 84.16 0.08 37.35 532.80 0.23 Computer Modelling Group Ldt. (2022)
11 Benzene 78.11 0.01 48.30 562.10 0.21 Computer Modelling Group Ldt. (2022)
12 Cyclo-C6 84.16 0.09 40.20 553.40 0.21 Computer Modelling Group Ldt. (2022)
13 C7 96.00 0.44 29.02 549.13 0.30 Hosseinifar and Jamshidi (2014)
14 m-cyclo-C6 98.19 0.26 34.26 572.20 0.24 Computer Modelling Group Ldt. (2022)
15 Toluene 92.14 0.02 40.60 591.70 0.26 Computer Modelling Group Ldt. (2022)
16 C8 107.00 0.94 26.83 574.18 0.32 Hosseinifar and Jamshidi (2014)
17 C2-benzene 106.17 0.05 35.62 617.15 0.30 Computer Modelling Group Ldt. (2022)
18 m&p-xylene 106.17 0.06 28.24 567.96 0.31 Computer Modelling Group Ldt. (2022)
19 o-xylene 106.16 0.03 36.52 631.15 0.31 Computer Modelling Group Ldt. (2022)
20 C9 121.00 1.21 24.79 602.08 0.36 Hosseinifar and Jamshidi (2014)
21 C10 134.00 1.43 23.31 625.07 0.39 Hosseinifar and Jamshidi (2014)
22 C11 147.00 1.31 22.05 645.92 0.42 Hosseinifar and Jamshidi (2014)
23 C12 161.00 1.27 20.85 666.49 0.46 Hosseinifar and Jamshidi (2014)
24 C13 175.00 1.36 19.78 685.46 0.49 Hosseinifar and Jamshidi (2014)
25 C14 190.00 1.23 18.74 704.33 0.52 Hosseinifar and Jamshidi (2014)
26 C15 206.00 1.22 17.72 723.08 0.55 Hosseinifar and Jamshidi (2014)
27 C16 222.00 0.98 16.78 740.61 0.58 Hosseinifar and Jamshidi (2014)
28 C17 237.00 0.94 15.96 756.11 0.61 Hosseinifar and Jamshidi (2014)
29 C18 251.00 0.95 15.25 769.85 0.64 Hosseinifar and Jamshidi (2014)
30 C19 263.00 0.84 14.67 781.14 0.66 Hosseinifar and Jamshidi (2014)
31 C20 275.00 0.72 14.13 792.02 0.68 Hosseinifar and Jamshidi (2014)
32 C21 291.00 0.67 13.44 805.94 0.71 Hosseinifar and Jamshidi (2014)
33 C22 305.00 0.62 12.87 817.63 0.73 Hosseinifar and Jamshidi (2014)
34 C23 318.00 0.56 12.38 828.11 0.75 Hosseinifar and Jamshidi (2014)
35 C24 331.00 0.55 11.91 838.25 0.77 Hosseinifar and Jamshidi (2014)
36 C25 346.00 0.52 11.40 849.58 0.80 Hosseinifar and Jamshidi (2014)
37 C26 359.00 0.47 10.98 859.09 0.82 Hosseinifar and Jamshidi (2014)
38 C27 374.00 0.46 10.52 869.74 0.84 Hosseinifar and Jamshidi (2014)
39 C28 388.00 0.45 10.12 879.38 0.86 Hosseinifar and Jamshidi (2014)
40 C29 402.00 0.44 9.74 888.76 0.88 Hosseinifar and Jamshidi (2014)
41 C30+ 652.69 4.79 5.33 1025.59 1.18 Hosseinifar and Jamshidi (2014)

Table B.2
Recharacterized compositions of Mixture A. The last column refer to the reference of the critical properties calculation method.

# Component M 𝑀𝑤 𝑃𝑐 𝑇𝑐 𝜔 Reference

R1

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2 − C3 35.65 13.47 45.70 343.69 0.12 Kay (1936)
4 C4 − C5 65.64 0.03 34.74 443.43 0.21 Kay (1936)
5 Pseudo 1 137.28 10.61 22.97 630.51 0.40 Hosseinifar and Jamshidi (2014)
6 Pseudo 2 297.54 9.52 13.17 811.46 0.72 Hosseinifar and Jamshidi (2014)
7 Pseudo 3 650.16 4.95 5.35 1024.42 1.18 Hosseinifar and Jamshidi (2014)

R2

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2 − C3 35.65 13.47 45.70 343.69 0.12 Kay (1936)
4 𝑖C4 58.12 0.01 36.00 408.10 0.18 Computer Modelling Group Ldt. (2022)
5 𝑛C4 58.12 0.00 37.50 425.20 0.19 Computer Modelling Group Ldt. (2022)
6 𝑖C5 72.15 0.01 33.40 460.40 0.23 Computer Modelling Group Ldt. (2022)

(continued on next page)
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Table B.2 (continued).
# Component M 𝑀𝑤 𝑃𝑐 𝑇𝑐 𝜔 Reference

7 𝑛C5 72.15 0.01 33.30 469.60 0.25 Computer Modelling Group Ldt. (2022)
8 Pseudo 1 137.28 10.61 22.97 630.51 0.40 Hosseinifar and Jamshidi (2014)
9 Pseudo 2 297.54 9.52 13.17 811.46 0.72 Hosseinifar and Jamshidi (2014)
10 Pseudo 3 650.16 4.95 5.35 1024.42 1.18 Hosseinifar and Jamshidi (2014)

R3

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2H6 30.07 8.11 48.20 305.40 0.10 Computer Modelling Group Ldt. (2022)
4 C3H8 44.10 5.35 41.90 369.80 0.15 Computer Modelling Group Ldt. (2022)
5 C4 − C5 65.64 0.03 34.74 443.43 0.21 Kay (1936)
6 Pseudo 1 137.28 10.61 22.97 630.51 0.40 Hosseinifar and Jamshidi (2014)
7 Pseudo 2 297.54 9.52 13.17 811.46 0.72 Hosseinifar and Jamshidi (2014)
8 Pseudo 3 650.16 4.95 5.35 1024.42 1.18 Hosseinifar and Jamshidi (2014)

R4

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2H6 30.07 8.11 48.20 305.40 0.10 Computer Modelling Group Ldt. (2022)
4 C3H8 44.10 5.35 41.90 369.80 0.15 Computer Modelling Group Ldt. (2022)
5 C4 − C5 65.64 0.03 34.74 443.43 0.21 Kay (1936)
6 Pseudo 1 116.94 6.33 25.33 594.38 0.35 Hosseinifar and Jamshidi (2014)
7 Pseudo 2 216.06 9.41 17.12 734.24 0.57 Hosseinifar and Jamshidi (2014)
8 Pseudo 3 352.72 4.54 11.18 854.53 0.81 Hosseinifar and Jamshidi (2014)
8 Pseudo 4 652.67 4.80 5.33 1025.58 1.18 Hosseinifar and Jamshidi (2014)

R5

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2H6 30.07 8.11 48.20 305.40 0.10 Computer Modelling Group Ldt. (2022)
4 C3H8 44.10 5.35 41.90 369.80 0.15 Computer Modelling Group Ldt. (2022)
5 C4 − C6 28.45 0.33 35.68 524.16 0.24 Kay (1936)
6 Pseudo 1 140.81 10.55 22.62 636.23 0.41 Hosseinifar and Jamshidi (2014)
7 Pseudo 2 299.70 9.29 13.08 813.26 0.72 Hosseinifar and Jamshidi (2014)
8 Pseudo 3 650.31 4.95 5.35 1024.49 1.18 Hosseinifar and Jamshidi (2014)

R6

1 CO2 44.01 10.17 72.80 304.20 0.23 Computer Modelling Group Ldt. (2022)
2 CH4 16.04 51.25 45.40 190.60 0.01 Computer Modelling Group Ldt. (2022)
3 C2H6 30.07 8.11 48.20 305.40 0.10 Computer Modelling Group Ldt. (2022)
4 C3H8 44.10 5.35 41.90 369.80 0.15 Computer Modelling Group Ldt. (2022)
5 C4 − C6 28.45 0.33 35.68 524.16 0.24 Kay (1936)
6 Pseudo 1 121.63 6.45 24.71 603.25 0.36 Hosseinifar and Jamshidi (2014)
7 Pseudo 2 219.89 9.12 166.90 738.36 0.58 Hosseinifar and Jamshidi (2014)
8 Pseudo 3 354.19 4.41 11.13 855.60 0.81 Hosseinifar and Jamshidi (2014)
9 Pseudo 4 652.69 4.80 5.33 1025.58 1.18 Hosseinifar and Jamshidi (2014)

Table C.1
Original composition of Mixture B.

# Components % (mol) M (g/mol) 𝑃𝑐 (atm) 𝑇𝑐 (K) 𝜔

1 N2 0.072 28.01 33.54 126.20 0.04
2 C1 38.249 16.04 45.39 190.56 0.01
3 CO2 0.160 44.01 72.78 304.12 0.23
4 C2 12.461 30.07 48.08 305.32 0.10
5 C3 8.729 44.10 41.92 369.83 0.15
6 𝑖C4 1.036 58.12 35.92 407.85 0.19
7 𝑛C4 4.198 58.12 37.46 425.12 0.20
8 𝑖C5 1.148 72.15 33.37 460.39 0.23
9 𝑛C5 2.102 72.15 33.26 469.70 0.25
10 C6 3.023 82.42 33.34 513.35 0.24
11 C7 2.920 96.10 30.90 550.43 0.28
12 C8 2.826 108.94 28.66 579.80 0.31
13 C9 2.462 122.09 26.43 607.62 0.35
14 C10 2.189 135.01 24.51 632.28 0.39
15 C11 1.941 147.85 22.83 654.64 0.43
16 C12 1.717 160.59 21.36 675.04 0.47
17 C13 1.517 173.24 20.07 693.78 0.51
18 C14 1.339 185.78 18.92 711.06 0.54
19 C15 1.181 198.22 17.91 727.08 0.58
20 C16 1.042 210.55 17.00 742.00 0.61
21 C17 0.919 222.77 16.19 755.92 0.65

(continued on next page)
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Table C.1 (continued).
# Components % (mol) M (g/mol) 𝑃𝑐 (atm) 𝑇𝑐 (K) 𝜔

22 C18 0.811 234.88 15.46 768.98 0.68
23 C19 0.716 246.87 14.80 781.24 0.71
24 C20 0.632 258.75 14.21 792.81 0.75
25 C21 0.559 270.52 13.67 803.73 0.78
26 C22 0.494 282.18 13.17 814.08 0.81
27 C23 0.438 293.73 12.72 823.91 0.84
28 C24 0.388 305.17 12.31 833.26 0.87
29 C25 0.345 316.50 11.93 842.16 0.90
30 C26 0.306 327.73 11.58 850.67 0.93
31 C27 0.273 338.86 11.26 858.80 0.95
32 C28 0.243 349.89 10.96 866.59 0.98
33 C29 0.217 360.82 10.68 874.07 1.01
34 C30+ 3.348 496.34 8.30 951.02 1.30

Table C.2
Recharacterized compositions of Mixture B.

# Components % (mol) M (g/mol) 𝑃𝑐 (atm) 𝑇𝑐 (K) 𝜔

Alavian’s

1 N2 0.072 28.01 33.54 126.20 0.04
2 C1 38.249 16.04 45.39 190.56 0.01
3 CO2 0.160 44.01 72.78 304.12 0.23
4 C2 − C3 21.190 35.89 45.19 333.27 0.12
5 C4 − C6 11.507 68.59 34.89 459.98 0.22
6 C7 − C11 12.338 119.55 24.98 599.36 0.35
7 C12 − C15 5.754 177.67 19.59 688.92 0.49
8 C16 − C23 5.610 245.49 15.52 764.52 0.63
9 C24 − C30+ 5.120 444.01 8.70 915.48 0.94

R1

1 CO2 0.160 44.01 72.78 304.12 0.23
2 N2 − C1 38.320 16.06 45.37 190.44 0.01
3 C2 12.461 30.07 48.08 305.32 0.10
4 C3 8.729 44.10 41.92 369.83 0.15
5 C4 − C6 11.507 68.47 35.05 458.19 0.23
6 Pseudo 1 10.347 109.51 26.42 579.48 0.33
7 Pseudo 2 10.911 186.25 18.99 699.74 0.51
8 Pseudo 3 4.176 303.32 12.94 816.25 0.73
9 Pseudo 4 3.389 495.89 7.63 945.97 1.00

R2

1 CO2 0.160 44.01 72.78 304.12 0.23
2 N2 − C1 38.320 16.06 45.37 190.44 0.01
3 C2 12.461 30.07 48.08 305.32 0.10
4 C3 8.729 44.10 41.92 369.83 0.15
5 C4 − C5 8.484 63.49 35.68 438.83 0.22
6 Pseudo 1 11.431 97.23 28.73 552.11 0.30
7 Pseudo 2 12.397 176.35 19.69 687.22 0.49
8 Pseudo 3 4.619 298.56 13.13 812.31 0.72
9 Pseudo 4 3.399 495.77 7.63 945.90 1.00
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