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Résumé — Modélisation thermodynamique des fluides pétroliers — Les développements récents
et les défis nouveaux de la thermodynamique pétrolière sont présentés dans les articles de ce numéro
spécial de «Oil and Gas Science and Technology» (OGST). Un des objectifs, commun à ces travaux
de recherche, est la mise à disposition d’outils de calcul qui doivent permettre à des simulateurs des
métiers pétroliers d’avoir accès à des propriétés thermodynamiques et thermophysiques fiables. Le
présent article propose, en guise d’introduction, de mettre ces développements dans une perspective
plus large, en suggérant un cadre dans lequel l’ingénieur métier pourra trouver un guide pour la sélection de la ou des méthodes les plus adaptées à son problème.
L’analyse est basée sur l’observation que deux éléments essentiels doivent être réunis pour une bonne
modélisation des propriétés physiques des fluides naturels complexes (pétroles bruts et gaz à condensat) : un modèle (équation d’état et règles de mélange) qui représente au mieux la réalité physique et
une description compositionnelle adaptée.
Un modèle est défini comme un ensemble d’équations mathématiques décrivant les relations qui peuvent exister entre différentes propriétés. Certains sont empiriques, d’autres sont construits sur des
concepts physiques, avec plus ou moins d’approximations. Tous contiennent des paramètres qui
devront être déterminés et validés à l’aide de données expérimentales. Si la précision des résultats est
importante, il est essentiel d’utiliser une sélection de données fiables. Au contraire, si on recherche
plutôt un modèle prédictif (peu ou pas de données sont disponibles), on préférera utiliser un modèle
dont la conception physique est solide.
La composition moléculaire des fluides pétroliers est souvent inconnue ; et même si elle était connue,
elle contiendrait tant d’isomères qu’une description détaillée serait ingérable dans un simulateur à
« vocation métier ». De nombreuses méthodes ont été développées pour contourner ce problème.
Les méthodes habituelles sont de type corrélatif, mais nous pensons qu’elles ont atteint leurs limites.
De nouvelles méthodes, dont la simulation moléculaire, sont sans doute plus prometteuses.
En conclusion, nous estimons qu’une compréhension plus approfondie des phénomènes physiques
par le biais des outils expérimentaux est essentielle, afin de permettre ensuite le développement de
modèles plus fondamentaux, ayant de meilleures performances en pouvoir prédictif et en terme de
précision. Tels sont les défis que la thermodynamique moderne doit relever. Les articles publiés dans
ce recueil en illustrent quelques exemples.
Abstract — Thermodynamic Modelling of Petroleum Fluids — The recent developments and challenges of petroleum thermodynamics are presented in the various papers of this special issue of Oil
and Gas Science and Technology (OGST). A common objective of these investigations is the development of calculation tools providing access to reliable thermodynamic as well as thermophysical
properties. Hence, this introductory article attempts to put these new developments in a larger
perspective by proposing a framework where the practicing engineer can also find some guidelines
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for the selection, among the large number of existing methods, of the one(s) most suited to his/her
industrial application.
The analysis is based on the observation that two main features must be present for a good representation of the physical behaviour of complex natural fluids: a model (equation of state – eos- and mixing
rules) that represents the physics as well as possible, and an appropriate compositional description.
A model is defined as a set of mathematical equations that describes the relationships among different properties. Some are empirical, others are constructed on a physical basis with more or less
approximations. All contain parameters that must be determined and validated using experimental
data. When accurate properties are required, it is important to focus on the selection of reliable data.
However, when predictive power is required (few or no data are available), the use of a model that
has a strong physical foundation is essential.
The detailed molecular description of a petroleum fluid is often unknown, but even if it were known, it
would contain so many isomers that it would be very difficult to handle in an engineering simulator.
Hence, several methods are employed to circumvent the problem. The traditional methods are correlations, but we believe they are reaching their limit. New methods, among which molecular simulation, are probably more promising.
As a conclusion, we state that both an improved understanding of the physics through experimentation, and an increased use of these physical findings in new models, are the challenges for the future
developments of thermodynamics. The papers in this issue illustrate a number of such developments.
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binary interaction parameter

-

vLiq

liquid molar volume

m3/kmol

v

molar volume

m3/kmol

x

molar fraction in the liquid phase
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Binary Interaction Parameter
equation of state
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Cubic Plus Association equation of state
Peng-Robinson equation of state
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MHV2 Modified Huron-Vidal mixing rule (of the 2nd order)
NRTL Non Random Two Liquids GE model (Renon &
Prausnitz, 1968)

SAFT
SRK

Self-Associating Fluid Theory equation of state
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INTRODUCTION
The thermodynamic properties of petroleum fluids have
been successfully described for many years. However, a
continuous effort for improving this modelling is necessary
because of the more stringent requirements on the
processes. We observe an ever increasing need in accuracy, in predictive power (i.e. in the absence of data), and a
shift towards systems with a larger non-ideal behaviour
(polar components and/or having a hydrogen bonding
potential), including reactive systems.
The driving power for present industrial needs is
improving fossil fuels recovery and transforming them into
gasoline and gasoil with the help of environmentally
friendly processes, thus leading to a sustainable development of the oil and gas industries.
In the upstream industry, reservoirs containing high levels of acid gases are being more exploited. In addition,
newly explored deep buried reservoirs have much higher
pressures and temperatures than those usually met in the
past. Finally, as a result of the present interest for reservoirs containing heavy crudes, or due to offshore conditions (high pressures associated with low temperatures),
the risk of solid deposits related to asphaltenes, paraffins or
hydrates has to be considered more often.
In the downstream industry, we observe several types of
evolutions: the stringent reduction of harmful components
(sulfur containing molecules, aromatics, etc.) in gasolines
and gasoils proposed to the end-users; the deeper hydroconversion of heavy fractions into such fuels at higher temperatures in presence of hydrogen. In addition, the use of
biofuels will require an improved understanding of the
behaviour of mixtures containing polar components.
This journal issue wants to focus on the main challenges
involved in today’s description of the thermodynamic
properties of petroleum fluids. The four subsequent papers
in this issue can be classified as two application examples
where new approaches are to be developed and two modelling techniques that are increasingly used in the petroleum
industry. The applications are gas treatment and asphaltenes
deposition.
– Gas treatment techniques (acid gases removal) require
both physical absorption in strongly non-ideal conditions (vapour-liquid equilibria) and chemical transformation in the aqueous phase. At present, the only way to
describe the physics is to combine several empirical
approaches, based on a large number of experimental
data.
– Asphaltenes deposition occurs in many instances in the
petroleum chain. The composition of these heavy petroleum fractions is very badly known, and even the physical phenomenon at hand during flocculation is still subject of strong debate (liquid – liquid equilibrium, liquid
– solid equilibrium or micelle formation?).
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Both of these examples clearly illustrate the limits of the
classical thermodynamic methods. Yet, the ever increasing
number of fundamental data along with the rapid increase
of computer power makes it possible to understand the
microstructure of “simple” fluids, thus allowing the development of new tools that will lastingly affect the way thermodynamic properties are predicted. In the two subsequent
papers of this issue, these tools are further enlightened:
– Molecular simulation (see also Ungerer et al., 2005) is a
technique that has now come out of infancy, as it allows
the calculation of increasingly complex systems with a
rather high degree of accuracy. It can now be considered
as a true alternative to experimental approaches for systems of interest to the petroleum industry.
– New equations of state based on statistical mechanics
have developed as a consequence of the information
made accessible through molecular modelling. Based on
their physical foundation, these new equations are capable of extrapolating far beyond what could be expected
from classical, semi-empirical, models. Some examples
are provided in a paper of this issue.
We believe that the challenges that are discussed in
these articles can be classified in two main topics. Each of
these will be discussed in a separate section of the present
paper:
– The first is related to the model that is used. From
purely empirical correlations to very complex equations
based on statistical thermodynamics or molecular simulation approaches, a large range of tools has been developed in the last century. Even though many equations
are no longer in use, a number of them that are rather
ancient, are still used in modern computing tools.
– The parameters required in the above models generally
originate from databases, or are calculated using independent correlations (e.g. group contributions, etc.) or
are fitted to experimental data. Petroleum fluids have
the particularity that their molecular composition is
badly known. As a result, several empirical methods are
used in order to build the best possible analytical representation. These will be discussed in a second section.
These two topics must be handled by the practicing
engineer who uses his simulator toolbox in order to
describe the physical behaviour of a produced or a
processed fluid. The additional objective of this paper is to
provide him with some guidelines for selecting the thermodynamic methods that are most appropriate to his problem.
1 THERMODYNAMIC MODELS FOR COMPLEX
MIXTURES PROPERTY CALCULATION
Models are tools used to describe the physical behaviour of
a material system. Depending on the basic knowledge
available, these models may be more or less empirical.
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They often contain adjustable parameters that are determined using experimental data.
We don’t want to describe all the models used in petroleum engineering thermodynamics, but refer to adequate textbooks for details (Vidal, 2003; Prausnitz et al., 1999). The
purpose of this section is to help the reader choose among the
many different models that are today available in commercial
reservoir and process engineering simulation packages.
Some literature papers provide guidelines in the choice
of the best approach for physical properties calculation
(see for example Carlson, 1996). A very thorough description of the numerous methods and models for physical
property calculations is provided in the well-known book
by Poling et al (2001). In this article, as an introduction to
the other papers presented in this issue, we will only propose some specific comments that relate to oil, gas and
petrochemical applications.
The criteria that the engineer must consider are essentially based on three questions:
– what property is requested?
– what is the temperature-pressure domain?
– what is the fluid composition?

1.1 What Property is Requested?
Even though there is a tendency to develop single models
that are able to describe all properties (a good test for equations of state is whether they are able to describe correctly
all thermodynamic properties by derivation or integration,
in particular heat capacities; de Hemptinne et al., 1994), it
is often recommended for the practicing engineer to use
different methods for different physical properties. In particular, it is recommended to use different methods for the
calculation of “single phase properties” (volume as well as
enthalpy, entropy and heat capacity) on the one hand, and
phase equilibrium on the other hand.
As a general rule, it appears that single phase properties
are usually rather well described using the Lee & Kesler
(1975) method (see also Vidal, 2003). This model was
tested by de Hemptinne & Ungerer, 1995 (Fig. 1).
Depending on the position of the P-T operating conditions
with respect to the fluid phase envelope, a more or less
accurate calculation will be obtained. This is done below,
using Figure 1. Still more accurate results are found using
a BWR-type equation (Benedict et al., 1940). We have
tested, as an example, in Figure 2, the Soave version of this
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Figure 1
Error maps for the Lee & Kesler method for molar volume calculation, as taken from de Hemptinne & Ungerer (1995).Deviations are given in %.
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Figure 2
Comparison of two equations of state with the IUPAC data for the isothermal compressibility of CO2 (deviations in %). Left (a), the SBWR
equation of state (Soave, 1995) and right (b) the Peng & Robinson equation of state.

equation that allows the corresponding states principle to be
used (Soave, 1995). The compressibility, a derived property, offers a more stringent test of the eos performance.
When phase equilibrium calculations are performed, the
problem is usually more complex, and greatly depends on
the composition of the fluid. This is discussed below
(Section 1.3.).
1.2 For Single Phase Properties: What is the
Temperature and Pressure Domain?
A study has been conducted for investigating the accuracy of a
number of equations of state as a function of pressure and temperature (de Hemptinne & Ungerer, 1995) for pure components. It appeared that their accuracy greatly depends on the
location of the operating pressure and temperature with respect
to the vapour pressure curve of the individual components.
More generally, it is always good to locate on a phase
diagram the pressure – temperature conditions in which the
physical properties are requested. Such a phase diagram is
shown in Figure 3. It indicates the most appropriate model
to choose for single phase property calculations.
On the lower right-hand side, for the vapour phase
below 0.5 MPa, one may consider that the fluid behaves as
an ideal gas. This means that no “complex” equation of
state is needed. Up to 1.5 MPa, a simple Virial correction
can be applied to the ideal gas equation of state (Vidal,
2003). Above this pressure, a more complex equation of
state is needed. Usually, the Lee & Kesler (1975) method
is considered to be the best (Vidal, 2003). This choice
breaks down when approaching the critical zone. Here, still

more complex models should be used such as the MBWR
eos (Younglove & Ely, 1987). However, one must always
keep in mind that the true description of the near - critical
region is not possible using any analytic expression as an
equation of state (Levelt-Sengers, 1970).
On the left-hand side of Figure 3, the liquid phase is
represented. Because of its low compressibility, the liquid
properties are not very sensitive to pressure. Hence, one
may state that up to 1.5 MPa above the bubble pressure,
the saturation properties can be used as such. Because of
the non-idealities characterising some mixtures (mainly
when polar components are present), it is necessary to take
into account excess properties. The GE models are appropriate for that purpose.
At higher pressures, an adequate equation of state must
be used. Once again, the Lee & Kesler (1975) method is
considered to be the best adapted in this area.
Note that the cubic equations of state are generally not
well-suited for describing single-phase properties, except
when a volume translation is used (Péneloux et al., 1982).
Several such translations have been proposed, among
which that of Ungerer et al. (1997), that can be extended to
hydrocarbon pseudo-components.
1.3 For Phase Equilibrium Problems:
What Fluid Mixture Must be Modelled?
The arguments developed below are essentially focused on
phase equilibrium calculations, where a wrong choice of
calculation method may have disastrous consequences on
the simulation results.
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Critical zone: MBWR

Pressure

Cubic equation of state with volume
translation and GE mixing rule or
Lee-Kesler method

Liquid

Vapour
Use saturated liquid properties
corrected with excess properties
for polar mixtures

VLE

Virial equation: P<1.5 MPa

Ideal gas: P<0.5 MPa

Temperature
Figure 3
Model selection for single phase property calculations ; the white area is the two-phases liquid - vapour equilibrium domain
(see text for explanations).

In what follows, we propose a few decision trees, along
with some examples that may be encountered in the petroleum industry.
When pure components are considered, it is always best
for the computation of their needed characteristic properties,
to use, whenever possible, the correlations provided by internationally-recognized databases (DIPPR, for example). In the
case of mixtures, and when the pressure is limited to 1.5
MPa, the heterogeneous method (different models for the liquid and vapour phases) is most appropriate. Table 1 summarizes how the partition (or equilibrium) coefficient is calculated in such a case. At low pressure, below 0.5 MPa, the
vapour phase can be represented by an ideal gas. For the liquid phase, Raoult’s law is both a very simple and powerful
method for calculating phase equilibria of mixtures of components belonging to the same chemical family and having
relatively close molecular weights. As soon as polar (typically when heteroatoms are present within the hydrocarbon
components), or size-related (small and large molecules)
interactions appear, an activity coefficient must be used as a
correction to the assumption of ideality for the liquid phase.
At higher pressures, the same heterogeneous method can
be used, but must be corrected with the pressure effects.

This is shown in Table 1, where a Poynting correction,
℘i (i,P,T) is expressed, along with the fugacity coefficient
of the saturated vapour i, ϕσi (T), and the fugacity coefficient
of component i in the gaseous mixture ϕVi (y→,P,T).
TABLE 1
Calculation of the partition (equilibrium) coefficient at moderate
pressures (heterogeneous method)
P < 0.5 MPa
ideal

non ideal

Ki =

Piσ
P

Ki =

Piσ
γi
P

0.5 < P < 1.5 MPa

Ki =


℘i (i , P, T ) Piσ (i , T ) ϕiσ (T )γ i (x , T )

P
ϕ Vi ( y , P , T )

As an example, we show that the apparently complex
water – hydrocarbon heteroazeotropic diagram can be perfectly described using Raoult’s law, by assuming no
mutual solubility of hydrocarbons and water in the liquid
phases (Fig. 5).
When the liquid phase non-ideality must be described
accurately, an activity coefficient model (or Excess Gibbs
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Temperature (°C)

energy, GE, model) must be used. The choice of which
model is best (Fig. 5), depends on two issues:
– What is the degree of non-ideality? Essentially, one can
state that hydrocarbon mixtures are generally close to
ideal. A regular solution model (Scatchard, 1931) can
then be used. If non-ideality results from size differences
between molecules, a Flory-type model is better adapted
(Flory, 1944). On the opposite, when molecules containing heteroatoms (i.e. other than H and C) are present in
significant amounts, a more complex model, such as
UNIQUAC (Abrams & Prausnitz, 1975) or NRTL
(Renon & Prausnitz, 1968) is better. These models usually require many binary parameters. The most complex
situation appears with electrolyte solutions. Depending
on whether pure water or a mixed solvent is used, the
choice will go to the Pitzer (1973) model (many available parameters) or the electrolyte NRTL (Austgen et al.,
1989) or UNIQUAC (Nicolaisen, 1993) models.
– What information is available concerning the mixture of
interest? Many of the above models require interaction
parameters. The more they have, the more accurate they
are. However, experimental data must be available as
such parameters are to be regressed. Hence, the user
must ask himself whether accuracy is important, in
which case he must either ask for complementary lab
data or use a molecular simulation tool to generate
“quasi-experimental data” (these tools remain numerical
approximations, but are increasingly accurate and fast).
In case accuracy is not essential, he can use group contribution methods, of which the most well-known is
UNIFAC (Fredenslund et al., 1975, 1977). This method
has been extended to electrolyte mixtures by Li et al.
(1994) and Yan et al. (1999).

An application of low pressure non-ideal vapour-liquid
equilibria can be found in the design of azeotropic distillation columns.
Gas treatment using alkanolamines is an example where
the electrolyte species play a key role in both physical and
chemical equilibrium. This is a complex situation, where
mixed solvents can be used, that must be handled with the
electrolyte activity coefficient methods, as further developed by Barreau et al. in this issue. Austgen et al., 1989,
and Kamps, 2005 also provide illustrations on how to
describe this kind of equilibrium.
In many industrial situations, the pressure effect on the
liquid phase cannot be neglected. The application of homogeneous methods (both phases are described with the same
model) based on equations of state (Fig. 6) is increasingly
required as the ones that are recently developed allow very
good computations, even for highly non-ideal mixtures.
The partition (equilibrium) coefficients are here calculated
using.

Ki =

ϕ iL

ϕ Vi

Very often, in the petroleum industry, the fluids contain
only hydrocarbon (non-polar) components, in which case
any cubic equation of state (Vidal, 2003) is well suited to
the problem. These equations are rather flexible and provide a number of “tuning” possibilities (as illustrated in
Fig. 7):
– The first of these is the temperature dependence of the
attraction parameter (a(T)). The coefficients in such a
relation can be fitted on the vapour pressure of the pure
components using expressions as reviewed by Gasem
(2001). The best-known equations are those of Soave
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Decision tree for high pressure phase equilibrium calculation
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Figure 6
Decision tree in the case of high pressure equilibrium calculation.

(1972), or Mathias & Copeman (1983). It appears,
however, that the expression proposed more recently
by Twu (1995) is the best representation of the true
behaviour.
– The second tuning possibility appears in the mixing rule
for the a parameter. Most often, the use of binary interaction parameters (BIP), often called “kij”, is wellsuited. For non-polar binaries of similar size, a zero
value for this kij is enough. If experimental mixture data
are available, it is better to fit the optimal value of BIP.
Some papers have been published proposing correlations, such as the one of Kordas et al. (1995) for
methane – heavy hydrocarbons. More recent publications propose a groups contribution method (Jaubert &
Mutelet, 2004, 2005).
Note that the phase separation of asphaltenes containing mixtures may also be described using a cubic equation
of state. This approach, which is further described in Pina
et al. in this issue, proposes an adequate mixing rule that
results in a liquid-liquid phase split when asphaltenes
precipitate.
Even though CO2 and H2S are not hydrocarbons, there
is no harm using a cubic equation of state when the system
contains any or both of these components, provided that
only liquid- vapour equilibria are calculated. Carroll &
Mather (1995) propose a correlation for the H2S – hydrocarbons BIP, and for CO2 – hydrocarbons, a single value of
0.13 seems to be generally accepted (Valderrama et al,
1988). Figure 8 illustrates this point. Liquid- liquid equilibria may also occur for such mixtures, in which case a more

complex mixing rule for the equation of state parameter a,
such as MHV2 (Michelsen, 1990) , should be used.
The presence of large amounts of supercritical gases,
such as hydrogen for hydrocracking heavy ends, requires a
specific approach. As has been shown by Moysan et al.
(1986), the use of a cubic eos induces the need for a large
BIP value, that is moreover a function of temperature.
Nevertheless, this approach provides a better prediction
than the more often used method of Grayson & Streed
(1963).
The problem becomes more complex when strongly
polar components are present in non-negligible amounts,
and must therefore be taken into consideration in the
vapour-liquid equilibrium calculations. The classical (kij –
based) mixing rules are no longer sufficient. Huron &
Vidal (1979) developed for that purpose a new family of
mixing rules, that combine the advantages of GE models
(adapted to strongly non-ideal mixtures) and those of equations of state (high pressure and critical point calculations).
The principle has since been adapted and improved
(Michelsen, 1990; Wong et al., 1992, Boukouvalas et al.,
1994). The use of empirical interaction parameters
requires, however, an extensive database of binary equilibrium data. If no parameter and no data are available, the
PSRK (“Predictive” SRK) method can be of great help
(Holderbaum & Gmehling, 1991). This method uses UNIFAC as a GE model, and has since been extensively
improved for including gases (Gmehling et al., 1997) and
for calculating mixture thermodynamic properties (Chen et
al. 2002). As all group contribution methods, it remains,
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Illustration of the proper use of a cubic equation of state for a
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Moerke, 1983). First, validate the pure component vapour
pressures by fitting the a(T) function; next, fit a binary interaction parameter (kij) on the mixture data.

however, less accurate than using a direct parameter fitting
on experimental data.
In the petroleum industry, this non-ideal behaviour can
be observed when alcohols (methanol or glycols) are used
(often related to the presence of water). At present, the
best model that has been identified for this purpose is a
cubic equation of state with the Huron - Vidal (1979) mixing rule. An equivalent GE-type mixing rule would probably do as well. Adequate interaction parameters must however be determined from the mixture data. As is shown in
one of the papers in this issue, the “CPA” equation of state
(Cubic Plus Association) has a larger field of applications
than the latter with a lesser degree of tuning, as it takes
explicitly into account in its formulation the causes of the
non-ideality of these systems (associations amongst the
mixture components).
The problem becomes still more complex when ionic
species are present in the aqueous phase. Liu & Watanasiri
(1999) have published an interesting review for this problem. Equations of state for electrolyte mixtures are
presently being developed, but no ready solution exists
today in a commercial simulator, except the activity coefficient models with a heterogeneous approach. To our
knowledge, the only equation of state that has lead to
results for industrial applications is the Soreide & Whitson
(1992) model that adapts the Peng-Robinson eos for treating the case of water-hydrocarbon mixtures in presence of
sodium chloride in the water phase.
The case of long chain molecules may also be mentioned (polymers, contrasted fluid mixtures of molecules
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Figure 8
Ethane – Carbon Dioxide mixture, as modelled with the
Peng-Robinson eos using k12 = 0.13. Both the azeotrope and
the critical points are correctly represented.

having large differences in numbers of carbon atoms, etc.).
This is where it appears to us that the new SAFT
(Chapman et al, 1988, 1990) equation is most promising,
as shown later in this issue (de Hemptinne et al.).
2 COMPOSITIONAL DESCRIPTION
An important item that has been highlighted in the previous section is that thermodynamic models are essentially
physico-chemical equations that include (more or less
empirical) parameters. If some guidelines may be given
concerning which equation could be preferred, the final
computed property greatly depends on the numerical value
of these parameters. The latter are partly obtained through
a suitable compositional description of the fluid mixtures,
which is the topic of this section.
– Accuracy of computed properties is obtained by fitting
parameters to accurate data. The physical foundation of
the model is of lesser importance than the number of
parameters that it contains. The best example of such
“accurate” models are the MBWR type (Younglove &
Ely, 1987; Setzman & Wagner, 1991) equations of state.
– On the opposite, if predictive power is required, we can
assume that few or no data exist. Hence, an expression
containing too many parameters will be difficult to use
because of the lack of physico-chemical background for
these parameters. However, the quality of the physical
foundation of the models is here essential. Even though
their complexity may increase, today’s computing
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power can easily overcome this difficulty. As such, both
molecular simulation tools, applications of which are
provided in this issue, as well as equations of state
based on the thermodynamic perturbation theory, also
discussed in this issue, are in full development.
We may differentiate here amongst the pure component
parameters and the interaction parameters. In most models,
only binary interaction parameters are required. However,
when dealing with electrolytes, ternary interactions should
also be taken into account.
The particularity of petroleum fluids results from the fact
that they contain several hundreds of components. Many
alternative approaches can be used for describing the
physico-chemical behaviour of these complex systems. They
are very well reviewed and discussed by Riazi (2005). In
some cases, especially in the upstream industry, “black oil”
approaches are still employed, reducing the real mixture into
a pseudo-binary as we will see later. The refining industry
traditionally uses more fractions called “pseudo-components”. More and more often, detailed compositional descriptions are available even though few industrial simulators use
them. Nevertheless, this is probably the most accurate way to
represent complex phenomena, mainly multiphase behaviour
when an asphaltenic or a waxy solid deposit occurs.
2.1 Detailed Compositional Description
Fluid fossil fuels (crude oils and natural gases) contain
hydrocarbons made up of one carbon atom up to more than
one hundred carbon atoms. The molecules composing the
light end (C1 to C10) are now well known and their behaviour has been investigated for several decades. However,
the number of isomers increases exponentially with the
carbon atoms number. Up to C10, all of the components
can now be identified using gas chromatography. From
C10 to C20, only the major chemical families (paraffinic,
naphtenic and aromatic) can be identified for each carbon
atoms number. The physical behaviour of most isomers is
not very well documented (i.e. their vapour pressures).
For the evaluation of the characteristic parameters of the
(pure and pseudo-) components, the corresponding states
principle is a fruitful approach. This principle expresses that
the residual thermodynamic (compressibilities, etc.) as well
as thermophysical (viscosities, heat conductivities, etc.) properties of any component can be known if its reduced pressure
and temperature, as well as acentric factor, are given. This is
obviously an oversimplification, but it appears that for hydrocarbon fluids this principle is a powerful approximation.
The characteristic parameters (including the critical
parameters required for applying the corresponding states
principle) can originate from different sources:
– They can be found in data bases. This is essentially the
case for parameters that have a physical significance.

However, all commercial simulators also provide parameter values so that the models proposed can be used
with a large variety of components without any additional input from the user. This is very convenient but
may be dangerous if the results are used in extrapolation
outside the range in which the proposed values have
been generated.
– If the molecular formulas of the components are known,
group contribution methods can be applied. For the pure
component properties, the best known methods are
those of Joback (1987) and of Constantinou & Gani
(1994). The former method is rather simple but unable
to distinguish among isomers, while the latter adds a
second order term that significantly improves the predictions. The most accurate method is that proposed by
Marrero & Gani (2001), but its use is complex. Instead
of using the corresponding states principle (whose physical foundation disappears for molecules heavier than
C10 as they undergo thermal cracking before reaching
their critical point), Coniglio et al, 2000, proposed a
groups contribution method that directly provides the
cubic eos parameters.
Concerning binary interaction parameters, the UNIFAC
(Fredenslund et al., 1975) or the Jaubert (2004, 2005)
methods have already been mentioned.
These group contribution methods are not very accurate,
but are often sufficient for engineering purposes.
– The best procedure is to fit the needed parameter values
on experimental data, even if the two above-mentioned
possibilities are available in commercial simulators. In the
absence of experimental data, molecular simulation may
provide additional information (“quasi-experimental
data”). This tool is based on a very fundamental picture of
the physical interactions in fluids. Even though it still provides a numerical approximation of reality, one may state
that its use becomes more and more easy and its accuracy
improves significantly as new algorithms are proposed
(see for further discussion Ungerer et al., in this issue).
2.2 Pseudo-Components Description
Pseudo-components may be either “lumps” of well-identified components, or a way to describe an unknown mixture
of components having close volatility (i.e. a petroleum
cut). The calculation of the characteristic parameters are
different in both cases. In the former case, the method will
depend on the information available. This is generally very
different if upstream or downstream applications are
considered.
2.2.1 Lumping and Delumping

Several approaches exist for lumping a detailed fluid
description into a limited number of pseudo-components
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(Ruffier-Meray et al., 1992; Riazi, 2005; Newley &
Merrill, 1991; Soreide, 1989). They generally require two
distinct methods:
– Identify a characteristic parameter and the number of
lumps that are expected. The characteristic parameter
can be a single property (carbon atoms number), or a
combination of several ones in which case a “distance”
must be defined between the different components. The
components then are dispatched among the different
lumps according to some algorithm (Montel, 1984).
– The characteristic properties of the lumps are computed
on the basis of some averaging rule, based on the properties of the original components (see for example
Leibovici, 1993; Neau et al. 1993).
In some cases, it may be important to recover the
detailed composition after one or several phase equilibrium
calculations have been performed. This is what is called
“delumping”. This topic has been investigated by
Leibovici et al., 2000.
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binary interaction parameter (kij) between a light and a
heavy component is also fitted.
TABLE 2
Methods for calculating characteristic parameters for petroleum cuts
starting from their density and their mean boiling temperature
Riaizi
et al.
(1998)

Twu
(1984)

Cavett
(1964)

Tc

x

x

x

x

x

Pc

x

x

x

x

x

ω

x

Zc

x

x

MW

x

x

vLiq(T)

@15°C

Lee-Kesler Winn
(1975)
(1952)

Tb /Tc > 0.8*

Others

Edmister
(1959)
Rackett
(1970)

x
x

2.2.2 Upstream Applications

cp#(T)

x

The procedure for describing a complex fluid by a set of
pseudo-components is summarised in a three-steps
approach:
– In a first step, the sensitivity of the property to be calculated should be evaluated with respect to the physical
information that can be made available through experiments. As an example, a density measurement is generally not enough to calculate a bubble or a dew point. On
the other hand, an evaluation of the asphaltene content
may provide a good indication of the fluid viscosity
(Werner et al., 1996).
– In a second step, experimental data must be gathered,
preferably data concerning the property to be modelled
(density, bubble or dew point, viscosity, etc.). A typical
PVT analysis of a reservoir fluid contains a Constant
Composition Expansion (CCE) or a Constant Volume
Depletion (CVE) (Savelli et al., 1981, Pedersen et al.,
1989). It often comes with a compositional analysis, in
order to capture as much as possible detailed information on the physico-chemical characteristics of the individual components that may be present in the petroleum
fluid: the number of carbon atoms, the chemical family,
the structure of the molecules, etc. The number of
pseudo-components that can be used strongly depends
on the quality, and on the amount, of data available.
– Finally, the pseudo-components must be given adequate
characteristic parameters as input into the model. These
parameters are fitted on the experimental data. Often,
the characterising parameters are the critical coordinates
and the acentric factor (Tc, Pc, ω). In case the amount of
data is not sufficient, they can also be determined by a
number of correlations (Table 2). In some cases the

Pσ(T)

x

Rackett
(1970)
x

x

*Only for cuts having a reduced normal boiling temperature higher than 0.8.

2.2.3 Downstream Applications

The most difficult property to describe in process simulators
is the relative volatility. In that case, the property that should
be used for lumping the pseudo components is the vapour
pressure. Instead, boiling temperatures at atmospheric or any
other pressure are more readily available. The True Boiling
Point (TBP) distillation is therefore often employed as an
experimental basis for the pseudo-components derivation.
Since the TBP distillation curve is directly related to
the volatility of the components included in the petroleum
fluid, a simple cut of this curve in a number of pseudocomponents that has been fixed by the user is straightforward. The true challenge lies in the characterisation of the
pseudo-components thus created. Often, the only physical
properties that identify them are their mean boiling temperature and their density. Empirical correlations are therefore
used for determining the characteristic parameters needed
for thermodynamic calculations. Table 2 summarises the
different methods that exist for this purpose.
2.3 Black Oil Description
The planning of a “conventional” crude oil production
from a reservoir requires the knowledge of the fluid volume, density and viscosity, in addition to its bubble point.
At pressures above the latter, the single-phase liquid compressibility is also needed for primary recovery evaluation.
The calculation of these properties does not require a very
detailed compositional description.
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Considering the large number of calculations needed in
basin as well as reservoir simulations, a very simple description is used, based on a two-phases and two-components system. The liquid is the oil, as it is collected from the well, after
all the gas has been removed at ambient conditions. The gas
is some gaseous pseudo component whose properties and
quantity are determined based on very simple PVT tests.
A large number of empirical correlations exist for the
determination of the fluid properties based on typical PVT
data (McCain, 1990).
3 MODEL SELECTION AND COMPOSITIONAL
DESCRIPTION IN REGARD WITH THE DOMAIN
OF ACTIVITY
Over time, the number of methods has steadily increased,
and the engineer is now faced with a very large choice of
methods for his calculations. There is no definite answer
on the question regarding the best choice amongst these
(Carlson, 1996). Yet, we may suggest some guidelines.
Table 3 shows that depending on the industrial domain
and on the available compositional information, the con-

straints and the required properties may be very different.
Obviously, the model that will be used for responding to
some specific needs will have to be selected accordingly.
CONCLUSION
Even though the basic principles of thermodynamics have
been well established for several decades, the practical problems encountered by engineers in modelling the physical
properties of real petroleum fluids are not negligible. The
reason for this is that no exact set of equations exists for
describing the complexity of such natural mixtures. Hence,
approximate models are used, the results of which must be
continuously verified against experimental data.
This paper provides some general guidelines on thermodynamic modelling of petroleum fluids. It is our hope that
it may be of help to the practising engineers, for selecting
the appropriate approach that depends very much on the
problem to be solved: which property for which mixture, in
which pressure - temperature operating conditions ?
What has been emphasized is that thermodynamic
models are essentially a combination of several equations

TABLE 3
Summary of the models selection in various oil and gas industry applications
Industrial
application
Basin simulation

Reservoir
simulation

CO2 storage in
depleted oil
reservoirs
simulation

Available
Additional
information
information
Detailed
compositional
analysis up to C14+
Stock tank crude
density,
Saturation pressure
(bubble or dew),
Detailed
CCE, CVD*
compositional
(Multi-) Phase
analysis up to C7+,
behaviour; oil
more rarely up to
swelling
C21+

Transport simulation Detailed
Stock tank crude
(wells, risers, flow- compositional
density,
and pipe- lines)
analysis up to C11+ Saturation pressure
(bubble or dew),
CCE, CVD*
Process simulation
(refining or
petrochemistry)

Detailed composition Gravity for
distillation cuts
up to C8
TBP distillation for
heavier cuts

Constraints
information

Properties that must Compositional
be calculated
description used
Lump all
components into a
few (3 to 15) pseudos
Lump all
components into a
few (2 to 4) pseudos
Number of phases;
Phases identity,
Very large number density and
Lump all
of thermodynamic composition
components into
calculations. Smooth
2 pseudos, plus CO2
variation of property
derivatives vs
operating conditions.

Cubic (including
volume shift) with
classical mixing
rules

Cubic (including
volume shift) with
classical mixing
rules;
Soreide & Whitson
(1992) for CO2
solubility in water
Lump all
Cubic (including
components into a volume shift) with
few (3 to 5) pseudos, classical mixing
plus H2O
rules

Number of phases;
Phases identity,
density, heat
capacity, heat
conductivity and
enthalpy
Phases composition, Individual for light
Accuracy for a
number of specific enthalpy, entropy
components;
30 to 50 pseudo
components (traces) and heat capacity
components for the
No data for heavy
fractions
heavy fractions

* CCE: Constant Composition Expansion; CVD: Constant Volume Depletion.

Models (eos based)
used
Cubic with classical
mixing rules

Many possible, as
explained in the first
section
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that include more or less empirical parameters. Although
some guidelines may be given concerning which equations
are to be preferred, the final result greatly depends on the
value of these parameters. The latter depend firstly on a
suitable compositional description of the fluid mixture, as
well as on the availability of the characteristic properties
for the (pure and pseudo-) components which have thus
been selected.
Hence, two challenges lie ahead of us:
– A better understanding of the complex behaviour of
petroleum fluids, through well-focused, reliable data
acquisition;
– An improved description of the physical foundations of
this behaviour in the models that are used.
These challenges are further developed in the other papers
of this issue: the two first articles propose a review and additional data concerning two types of systems that remain difficult to model. The first concerns the characterisation of flocculation out of asphaltenic crudes, the second the data analysis
of water – alcohol – electrolyte – hydrocarbon mixtures.
The last two papers in this issue indicate the present
trends in thermodynamic modelling, whose fundamentals
are mainly based on more and more physical principles.
Molecular simulation applications are proposed for fluid
phase property calculations. A separate article illustrates
how these same principles can be used with great success
in more conventional equations of state. The models thus
become more complex, but thanks to the physical meaning
of the parameters, they also become more predictive. The
use of such models will allow a much better description of
more complex mixtures, including non-hydrocarbon molecules that do not follow the corresponding states principle
whose fundamentals date back to Van der Waals (1873).
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