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Executive Summary 
In this paper, we analyse the effect of the choice of the thermodynamic model, in the context of fluid 
modelling for the purposes of process simulation in oil and gas applications. The importance of 
making the right choice of the thermodynamic model, for the specific application, was highlighted in 
the past (Carlson, 1996)1 as consequences may be difficult to predict and quite significant. 
Nonetheless, it is still normal engineering practice, both in design and operations, to use the model 
set as default, in the process simulation software that is being used. The default model is normally a 
variant of the Peng-Robinson2, with a set of pure components data and BIPs, which is often lacking 
the necessary accuracy to guarantee reliable predictions for the phase equilibrium or the physical 
properties of the mixture.  

For routine applications in design and operations, this simple no-choice may have no relevant impact 
in the most significant design options, as the level of accuracy required at that stage is sufficient, 
given the approximations made overall. Design margins, however, may be greater than needed, 
because of the lack of attention to modelling the fluid appropriately. In some applications, this effect 
may be magnified by the fact that the introduction of design margins may affect significantly the costs 
of the project, or, may induce poor or conservative design choices, leading to secondary effects, like 
reduced production. The cost of an apparently harmless choice, like the thermodynamic model for the 
fluid mixture, could result, ultimately, in unexpected costs and reduced revenues, which are often 
difficult to predict and quantify. 

We focus our attention on the effect of the fluid model for a gas mixture, in presence of significant 
amounts of water and Mono Ethylene Glycol (MEG). MEG is a very common choice for hydrate 
inhibition as it has several advantages over other techniques. In this case, like in others, the choice of 
the equation of state (EoS) and set of parameters is indeed crucial. As we will see, the choice of EoS 
influences directly the selection of the best inhibition strategy, the correct inhibitor dosage as well as 
the sizing of the processing facilities. In the case of MEG injection, the fluid modelling has a significant 
effect on the sizing of the MEG regeneration facilities as well.  

The injection of MEG (or other thermodynamic inhibitors) suppresses hydrates effectively, by 
contributing to the stabilisation of the water, which is present in the mixture. The inhibitor (MEG in this 
case) enhances the tendency of water to separate in an aqueous phase and, by doing so, leaves the 
remaining hydrocarbons mixture de-hydrated. The correct prediction of the amount of aqueous phase 

                                                           
1 Carlson, E. C. (1996). Don't Gamble with Physical Properties For Simulations. Chemical Engineering Progress, 
92, 35-46. 
2 Peng, D-Y & Robinson, D. B. (1976). A new two-constant equation of state. Industrial & Engineering Chemistry 
Fundamentals, 15 (1), 59-64. 
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formed, as a function of the amount of the water present in the mixture and the amount of injected 
inhibitor is, therefore, crucial for a reliable prediction of the inhibition effect. This affects the correct 
estimate of the inhibitor dosage, i.e., the amount of inhibitor needed to inject for a given flow rate of oil 
or gas mixture, and ultimately, the sizing of the facilities, the MEG injection rates, or the choice of the 
operating conditions and, therefore of the gas flow-rate and production. An over-conservative choice 
may result in excessive CAPEX, OPEX and reduced production. An underestimate of the hydrates 
problem may result, on the other hand, in catastrophic failures or downtime of the plant and 
production losses. 

Multiflash™ implements a very wide range of thermodynamic models and EoS, as well as a variety of 
accurate and reliable physical and transport properties models for the most common applications in 
oil and gas, chemicals and petrochemicals applications. The Multiflash methods are available directly 
through the embedded Multiflash dll in leading process and flow assurance simulators, such as Petro-
SIM™, Maximus™, OLGA®, Pipesim®, LedaFlow™, K-Spice®, gProms® etc., allowing engineers to 
cover the various design requirements with one, consistent, thermodynamic model. Through the 
CAPE-OPEN interface, Multiflash can also be linked to other process simulators such as HYSYS®, 
UniSim®, PRO/II® and so on. The availability of a unified fluid modelling method is beneficial through 
the various stages of design and production. In the case analysed in this article, it is the availability of 
a variety of well-tested thermodynamic models that guarantees the accuracy needed to support the 
correct sizing and operation of the processing facilities. Thermodynamic modelling here is crucial 
since, to capture the correct hydrate inhibition effect, one needs to predict the efficiency of this de-
hydration effect of MEG that we mentioned earlier. This depends on the capability of the 
thermodynamic model to make the correct predictions of the partitioning of MEG between the 
aqueous and hydrocarbon phases, as it will affect the amount of aqueous phase formed from a given 
mixture, with a given amount of injected MEG. For this type of applications, the proprietary formulation 
of the CPA-Infochem (Cubic Plus Association) equation of state (EoS) present in Multiflash 
(Kontogeorgis & Voutsas, 1996)3, (Kontogeorgis, Voustas, Yakoumis, & Tassios, 1996)4, 
(Kontogeorgis, Yakoumis, Meijer, Hendricks, & Moorwood, 1999)5 guarantees a much higher 
accuracy, compared to the usual choices of cubic EoS such as P-R (Peng & Robinson, 1976)6 or 
SRK (Redlich & Kwong, 1949)7, (Soave, 1972)8.  

To show this effect in a practical example, we analyse the phase behaviour predicted with PR and 
CPA on a gas sample analysed previously for various concentrations of MEG and a wide range of 
temperature and pressure (Ng & Chen, 2000)9.  

                                                           
3 Kontogeorgis, G. & Voutsas, E. (1996). An equation of state for associating fluids. Industrial & Engineering 
Chemistry Research, 35 (11), 4310-4318. 
4 Kontogeorgis, G. M., Voustas, E. C., Yakoumis, I. V. & Tassios, D. P. (1996). An equation of state for associating 
fluids. Industrial & Engineering Chemistry Research, 35, 4310-4318. 
5 Kontogeorgis, G. M., Yakoumis, I. V., Meijer, I. V., Hendricks, E. & Moorwood, T. (1999). Multicomponent 
phase equilibrium calculations for water–methanol–alkane mixtures. Fluid Phase Equilibria, 158, 201-209. 
6 Peng, D-Y. & Robinson, D. B. (1976). A new two-constant equation of state. Industrial & Engineering 
Chemistry Fundamentals, 15 (1), 59-64. 
7 Redlich, O. & Kwong, J. N. (1949). On the thermodynamics of solutions. V. An equation of state. Fugacities of 
gaseous solutions. Chemical Reviews, 44 (1), 233-244. 
8 Soave, G. (1972). Equilibrium constants from a modified Redlich-Kwong equation of state. Chemical 
Engineering Science, 27 (6), 1197-1203. 
9 Ng, H. J. & Chen, C. J. (2000). Mutual Solubility in Gas Condensate - EG Solution Systems. Edmonton, Alberta, 
Canada: Gas Processing Association. 
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Figure 1 Partitioning factor of MEG between hydrocarbon liquid phase and the aqueous phase predicted by PR 

(dashed lines) and CPA (solid lines) equations of state, compared to the experimental values, for three 
concentrations of MEG. 

Figure 1 shows the comparison between the experimental values reported by Ng and Chen of the 
partitioning of MEG between the hydrocarbon liquid and the aqueous phase as a function of the 
rescaled inverse temperature. For the three reported concentrations of MEG, our predictions show 
that CPA-Infochem guarantees a much greater accuracy than PR, which is normally set as the default 
model in process simulation. In particular, PR under-predicts the amount of MEG in the hydrocarbon 
liquid phase, effectively under-predicting the efficiency of the “de-hydration effect” we introduced 
earlier. 

The result of the inaccurate predictions of the partitioning of MEG affects the inhibition dosage, i.e., the 
estimate of the amount of inhibitor to inject to suppress hydrates in given conditions. For the analysed 
mixture, in the hypothesis of operating conditions at 10ºF and 1500 psi, we can show that the amount 
of lean MEG needed to suppress hydrates predicted by PR is almost doubled, compared to the amount 
predicted with CPA.   
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Figure 2 Inhibition effect of the three concentrations of MEG on the hydrates dissociation line predicted with CPA 

(solid lines) and PR (dashed lines). The inhibition effect predicted by PR is largely underestimated, resulting in 
excessive MEG injection rates. 

Figure 2 shows the difference between the inhibition effect predicted by PR and CPA on the hydrates 
dissociation line. The inhibition effect predicted by PR is largely underestimated, due to the 
inaccuracy of the predictions of the MEG partitioning between hydrocarbon liquid and water phase, 
compared with CPA. This may result in an excessive and unnecessary MEG injection rate or in over-
conservative choices on the gas flow rates or operating point, with subsequent loss of potential 
production.  

Moreover, in the case of MEG injection, the choice of the thermodynamic model affects the design in 
other areas. For instance, an inaccurate prediction of the amount of hydrocarbons present in the rich 
MEG (aqueous phase), may result in an incorrect sizing of the MEG regeneration facilities. Once 
more, the CPA EoS guarantees an excellent level of accuracy, while the PR EoS, like all the other 
cubic equations of state, fails in providing a reasonable estimate for all the hydrocarbon species. 
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Figure 3 Concentration of Methane and Isobutene in the aqueous phase, predicted with PR and CPA, together 
with experimental values 

Figure 3 shows the predictions of the partitioning of two hydrocarbon species (Methane, left and 
Isobutene, right) in the aqueous phase for the mixture analysed by Ng and Chen for the three 
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concentrations of MEG. The CPA EoS guarantees accurate results across the whole range of 
temperature and for all the different concentrations of MEG, whilst PR grossly underestimate the 
amount of hydrocarbons still present in the rich MEG. This may result in incorrect or insufficient 
information for the sizing and functioning of the vacuum pump, within the MEG regeneration unit, 
potentially leading to additional, unnecessary design margins or incorrect sizing of the regeneration 
facilities, with obvious impact on the overall cost of the project.  

Recently, other software packages for PVT modelling or process simulation, have implemented 
variants of CPA. Whilst this may obviously be interpreted as a good sign, even the most rigorous and 
accurate thermodynamic model is, nonetheless, completely useless, in absence of a complete set of 
data and parameters for components and pseudo-components. The Multiflash Infodata database 
contains very accurate data for more than 270 pure compounds and BIPs for the most common 
applications in Oil & Gas and chemical and petrochemical industry. These include obviously all the 
relevant parameters for CPA-Infochem, as well as different variants of PR and SRK and other highly 
accurate EoS, such as GERG (Kunz , Klimeck, Wagner, & Jaeschke, 2007)10, GERG-2008 (Kunz & 
Wagner, 2012)11, Span-Wagner12. In addition, Multiflash supports the connection with the AIChE 
DIPPR® database which contains high quality and reliable data for over 2500 compounds. It can 
easily be shown that the lack of a full and reliable parameterisation may result in even more 
inaccurate predictions than with traditional EoS or thermodynamic models, leading to potentially even 
bigger mistakes in design or operating practices. 

                                                           
10 Kunz , O., Klimeck, R., Wagner, W. & Jaeschke, M. (2007). The GERG-2004 wide-range equation of state for 
natural gases and other mixtures. VDI Verlag. 
11 Kunz, O. & Wagner, W. (2012). The GERG-2008 wide-range equation of state for natural gases and other 
mixtures: an expansion of GERG-2004. Journal of Chemical & Engineering Data, 57 (11), 3032--3091. 
12 Span, R. & Wagner, W. (1996). A new equation of state for carbon dioxide covering the fluid region from the 
triple-point temperature to 1100 K at pressures up to 800 MPa. Journal of Physical and Chemical Reference 
Data, 25 (6), 1509-1596. 
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Introduction 
In the oil and gas industry the choice of the thermodynamic and physical properties model is often 
regarded as a secondary factor in the modelling of process facilities. Despite the number of equations 
of state and thermodynamic models available in process simulators, for traditional and routine 
process modelling applications, engineers often do not even acknowledge the various possibilities 
offered by the simulator or PVT packages. They either use the pre-defined default model choice or, 
when available, align with the choice made by other engineering teams (Carlson, 1996)13. 

In this paper we will analyse the impact of the choice of the equation of state on the thermodynamic 
modelling aspects related to a gas processing plant. We will focus on the effect of MEG injection in a 
gas mixture. We will focus in particular on the effects of the inappropriate choice of thermodynamic 
model and how they can affect the design choices in the elaboration of the best hydrates inhibition 
strategies, in the sizing of the facilities or in the choice of the operating conditions.  

The fluid feed is selected from a real gas condensate sample from Ng & Chen14 for which full 
composition, as well as several LLE (Liquid-Liquid Equilibrium) experimental data are available. For 
this example, we will first look at the available choice of thermodynamic models to evaluate the 
correct phase behaviour and compare the results between two of the most commonly used equations 
of state.  
 
We will then focus on the impact of the predictions of VLE and VLLE, on the hydrate inhibition 
strategy and the selection of operating conditions, and how that affects the design and operation of 
the plant. The other aspect we will be looking at, is the impact of the choice of the thermodynamic 
model on sizing and operating conditions of the MEG regeneration unit.  

 

The choice of the thermodynamic model  
The correct prediction of the composition of the phases in multiphase systems has been debated 
widely in the elaboration of suitable thermodynamics modelling. A generally valid and fully coherent 
approach is far from being elaborated. Unsatisfactory results are especially found in the presence of 
components with more complex molecular interactions than what can be modelled through the simple 
Van Der Waals and hard-core interaction terms applied by the most common cubic Equations of State 
(EoS), See, for example, Van Der Waals, 191015, Peng & Robinson, 197616, Redlich & Kwong, 
194917, Soave, 197218 and Twu, Coon, & Cunningham, 199519. In spite of their undisputable success, 
based on their accuracy and simplicity, cubic equations of state show some obvious limitations. Given 

                                                           
13 Carlson, E. C. (1996). Don't Gamble with Physical Properties For Simulations. Chemical Engineering Progress, 
92, 35-46. 
14 Ng, H. J. & Chen, C. J. (2000). Mutual Solubility in Gas Condensate - EG Solution Systems. Edmonton, Alberta, 
Canada: Gas Processing Association. 
15 Van Der Waals, J. D. (1910). The equation of state for gases and liquids. Nobel Lectures in Physics, 1, 254 
16 Peng, D-Y. & Robinson, D. B. (1976). A new two-constant equation of state. Industrial & Engineering 
Chemistry Fundamentals, 15 (1), 59-64. 
17 Redlich, O. & Kwong, J. N. (1949). On the thermodynamics of solutions. V. An equation of state. Fugacities of 
gaseous solutions. Chemical Reviews, 44 (1), 233-244. 
18 Soave, G. (1972). Equilibrium constants from a modified Redlich-Kwong equation of state. Chemical 
Engineering Science, 27 (6), 1197-1203. 
19 Twu, C., Coon, J. & Cunningham, J. (1995). A new generalized alpha function for a cubic equation of state 
Part 2. Redlich-Kwong equation. Fluid Phase Equilibria, 105 (1), 61-69. 
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the right choice of model parameters and binary interaction parameters (BIPs) they normally 
guarantee a good level of accuracy, in terms of the VLE and LLE in oil and gas applications, although 
they may show some discrepancies in some areas of the phase diagram and in the estimate of the 
physical properties of the coexisting phases.  

The introduction of the volume correction in advanced cubic EoS (Peneloux, Rauzy, & Freze, 1982)20 
contributed greatly to enhancing the accuracy of cubic equations of state such as RKS (Redlich & 
Kwong, 1949), Soave, 1972 or PR (Peng & Robinson, 1976)21. The volume correction is particularly 
useful for evaluating the liquid density where the original EoS were least successful. Strong limitations 
remain, however, in the estimation of the phase behaviour and physical properties in the presence of 
components exhibiting particle-particle interactions which are not modelled within the two terms of the 
free energy of a cubic equation of state. Hydrogen bonding is an example of such an interaction. 
Thus, cubic equations of state show significant limitations in the evaluation of the concentration of 
hydrocarbons in the water phase, or in predicting the partitioning of other polar components such as 
alcohols, glycols or acid gases between hydrocarbon phases and an aqueous phase. This behaviour 
is often very relevant in real applications, either in the chemical and petrochemical industry or in oil 
and gas applications.  

The introduction of mixing rules, alternative to the traditional quadratic mixing rules (Soave, 1972), 
(Kwak & Mansoori, 1986)22, (Huron, 1976)23, (Vidal, 1978)24, (Huron & Vidal, 1979)25 and various 
correction terms (e.g., Mathias & Copeman, 1983)26 contribute to improving the accuracy of cubic 
equations of state to model non-ideal behaviour. However, it is only with the more recent introduction 
of the CPA (Cubic Plus Association) model, that a more coherent modelling approach allowed tackling 
the shortcomings of cubic EoS more effectively. The CPA EoS extends the well-known cubic EoS to 
work for more complex mixtures with highly polar and associating components (Kontogeorgis & 
Voutsas, 1996)27 (Kontogeorgis, et al., 2006)28. The CPA EoS makes it possible to apply a more 
coherent thermodynamic approach to solving phase equilibrium in presence of high amounts of water, 
alcohols, glycols and to add models for solid phases to a common framework for engineering 
applications in oil and gas and other sectors.  

There is a big lag between the thermodynamic models used in process modelling and these latest 
developments in the thermodynamic modelling. The adoption of new solutions is partly slowed by the 
inertia of many years of consolidated practice using traditional cubic EoS and in part by the lack of 
                                                           
20 Peneloux, A., Rauzy, E., & Freze, R. (1982). A consistent correction for Redlich-Kwong-Soave volumes. Fluid 
Phase Equilibria, 8 (1), 7-23. 
21 Peng, D-Y. & Robinson, D. B. (1976). A new two-constant equation of state. Industrial & Engineering 
Chemistry Fundamentals, 15 (1), 59-64. 
22 Kwak, T. Y. & Mansoori, G. A. (1986). Van der Walls mixing rules for cubic equations of state. Applications for 
Supercrticial Fluid Extraction Modelling. Chemical Engineering Science, 41, 1303-1309.  
23 Huron, M. J. (1976). Use of the Soave equation and of the stability conditions for calculating the critical 
points of mixtures. Chemical Engineering Science, 31, 837-839. 
24 Vidal, J. (1978). Mixing rules and excess properties in cubic equations of state. Chemical Engineering Science, 
33, 787-79. 
25 Huron, M. J. & Vidal, J. (1979). New mixing rules in simple equations of state for representing vapour-liquid 
equilibria of strongly non-ideal mixtures. Fluid Phase Equlibria, 3 (4), 255-271. 
26 Mathias, P. M. & Copeman, T. W. (1983). Extension of the Peng-Robinson equation of state to complex 
mixtures: Evaluation of the various forms of the local composition concept. Fluid Phase Equilibria, 13, 91-108. 
27 Kontogeorgis, G. & Voutsas, E. (1996). An equation of state for associating fluids. Industrial & engineering 
chemistry research, 35 (11), 4310 -- 4318. 
28 Kontogeorgis, G., Michelsen, M., Folas, G., Derawi, S., von Solms, N. & Stenby, E. (2006). Ten years with the 
CPA (Cubic-Plus-Association) equation of state. Part 2. Cross-associating and multicomponent systems. 
Industrial & Engineering Chemistry Research, 45 (14), 4869--4878. 
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implementations of these more modern EoS including all required parameters. Only in presence of 
severe flow assurance or production issues, finer modelling techniques have been adopted on a 
sufficiently wide basis. Routine modelling is, often, carried out without much attention to the 
implications of thermodynamic and physical properties modelling, often with strong impact on the 
necessary design margins and expenditure both in capital and operations (Carlson, 1996)29.  

The Multiflash thermodynamic software, developed originally by Infochem Computer Service, 
(Edmonds, Moorwood, & Szczepanski, 1994)30 (Edmonds, Moorwood, & Szczepanski, 1994)31 
(Edmonds , Moorwood, & Szczepanski, 1995)32 (Edmonds, Moorwood, & Szczepanski, 1996)33 
(Edmonds, Moorwood, & Szczepanski, 1997)34 (Zhang, Pedrosa, & Moorwood, 2012)35, and now part 
of the software suite developed and maintained by KBC Advanced Technologies, supplies a wide 
range of thermodynamic models. The well-developed CPA (Kontogeorgis, Yakoumis, Meijer, 
Hendricks, & Moorwood, 1999)36 to accurately evaluate physical and transport properties of complex 
mixtures and pure substances has been part of the Mutltiflash distribution right from its original 
development.  Applications range from upstream flow assurance and production, to midstream gas 
plants, through downstream petrochemical products, polymer blends, chemicals and refrigerants. 
Multiflash comes equipped with a thoroughly tested proprietary database of more than 250 pure 
components and a comprehensive database of binary interaction parameters for the available 
thermodynamic models, including CPA. The latter is as crucial as the availability of the model itself, as 
users expect to be able to use and EoS, by simply selecting it and defining the composition, without 
having to find and set the correct parameters for it. Additionally, Multiflash supports the connection 
with the worldwide renowned AIChE DIPPR®, which contains high quality and reliable data for over 
2500 compounds (https://www.aiche.org/dippr). 

The proprietary implementation of CPA (Kontogeorgis, Yakoumis, Meijer, Hendricks, & Moorwood, 
1999)37 in Multiflash is, currently, the only variant of CPA which includes a systematic method of 
parameterisation and comes with a large set of pure component parameters. Furthermore, the 
formulation of CPA in Multiflash (CPA-infochem) is based on similar information as the more common 
SRK and PR variants. This includes correction terms, such as the Peneloux volume shift, or the 
matching of the bubble point (Palma, Oliveira, Queimada, & Coutinho, 2017)38, as the advanced 
version of RKS and PR, and is, therefore, fully consistent and tested with the model-independent 

                                                           
29 Carlson, E. C. (1996). Don't Gamble with Physical Properties For Simulations. Chemical Engineering Progress, 
92, 35-46. 
30 Edmonds, B., Moorwood, R. & Szczepanski, R. (1994). Modelling highly polar mixtures in industrial processes. 
14th European Seminar on Applied Thermodynamics. 
31 Edmonds, B., Moorwood, R. & Szczepanski, R. (1994). A new computer model for gas hydrates and hydrates 
inhibitors. GPA Europe 1994. 
32 Edmonds , B., Moorwood, R. & Szczepanski, R. (1995). Predicting Solid – Fluid Equilibria. Industrial 
Applications. VLE 95. 
33 Edmonds, B., Moorwood, R. & Szczepanski, R. (1996). Mercury partitioning in natural gases and 
condensates. GPA Europe 1996.  
34 Edmonds, B., Moorwood, R. & Szczepanski, R. (1997). A unified model of solid depositioon from petroleum 
fluids including wax, asphaltenes, hydrates and scales. Infochem Computer Services Ltd. 
35 Zhang, X., Pedrosa, N. & Moorwood, T. (2012). Modeling Asphaltene Phase Behavior: Comparison of 
Methods for Flow Assurance Studies. Energy & Fuels, 26 (5), 2611 -- 2620. 
36 Kontogeorgis, G. M., Yakoumis, I. V., Meijer, I. V., Hendricks, E., & Moorwood, T. (1999). Multicomponent 
phase equilibrium calculations for water–methanol–alkane mixtures. Fluid Phase Equilibria, 158, 201-209. 
37 Kontogeorgis, G. M., Yakoumis, I. V., Meijer, I. V., Hendricks, E. & Moorwood, T. (1999). Multicomponent 
phase equilibrium calculations for water–methanol–alkane mixtures. Fluid Phase Equilibria, 158, 201-209. 
38 Palma, A. M., Oliveira, M. B., Queimada, A. J. & Coutinho, J. A. (2017). Re-evaluating the CPA EoS for 
improving critical points and derivative properties description. Fluid Phase Equilibria, in press. 
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characterisation method implemented in Multiflash, thereby allowing a great deal of flexibility in the 
choice of the best thermodynamic model for the specific applications.  

The models available in Multiflash include also the advanced equations of states, to accurately 
represent oil, condensates, natural gas, acid gas mixtures, carbon dioxide (CO2), steam, glycols, 
refrigerants, polymers and other chemicals. Multiflash also includes the most up-to-date range of 
models to evaluate physical and transport properties such as viscosity, thermal conductivity and 
surface tension. 

In what follows, we will focus on comparing just two equations of state, CPA and Peng Robinson, for 
the modelling of natural gas processing including MEG as a hydrate inhibitor. We will highlight the 
shortcomings of cubic equations of state in presence of polar components and how that affects the 
design and operating choices. This will highlight the importance of a correct choice of thermodynamic 
and physical properties modelling even in routine process simulation.  

As we will see, the shortcoming of the cubic approximation is, basically, two-fold. First and foremost, 
the predicted partitioning of MEG between the aqueous and the liquid phase is not accurate. This 
results, in a gross overestimation of the amount of MEG needed to suppress hydrates at given 
operating conditions. This may affect the choice of operating conditions with unexpected 
consequences in terms of increase in CAPEX, OPEX or losses of production. For instance, a too 
conservative choice of the MEG flow rate, in the attempt of mitigating a grossly overestimated hydrate 
problem. Secondly, the predicted solubility of hydrocarbons in the aqueous phase is grossly 
underestimated, which may result in wrong assumptions in the sizing of the equipment of the MEG 
regeneration unit.  

Whilst these shortcomings of the cubic approximations may be partly mitigated with some tuning 
parameters and the use of more elaborate mixing rules (Michelsen, 1990)39, the fundamental problem 
is in the simplicity of the cubic approximation. The additional association term in CPA performs 
consistently well on both aspects, allowing a much greater accuracy in the design phase and much 
greater adherence to reality in production, as well as providing a more consistent and rigorous 
thermodynamic description of the actual system. 

 

LLE, the partitioning of MEG  
In order to assess the quality of the thermodynamic model chosen to simulate the system, either in 
presence of hydrates or not, we need to assess the predictions for the most relevant phase 
equilibrium. To do this, we must compare the predicted concentrations of the key components in the 
coexisting phases, with the experimental data available for that specific mixture. This type of 
comparison has already been done and published in various scientific publications. In this work, we 
do not aim to make a comprehensive assessment of the capabilities of a specific model or equation of 
state, compared with others in the literature. We will limit ourselves to just to one specific composition 
that can be considered representative of a class of problems, and analyse the consequences of the 
choice of a thermodynamic model.  

The selected case is a gas condensate sample. The composition of the sample was analysed and 
reported by Ng and Chen (Ng & Chen, 2000)40. For this sample, the compositions of the coexisting 

                                                           
39 Michelsen, M. L. (1990). A modified Huron-Vidal mixing rule for cubic equations of state. Fluid Phase 
Equilibria, 60 (1-2), 213-219. 
40 Ng, H. J. & Chen, C. J. (2000). Mutual Solubility in Gas Condensate - EG Solution Systems. Edmonton, Alberta, 
Canada: Gas Processing Association. 
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hydrocarbon liquid and aqueous phases at various points in the phase diagram were reported for 
several concentrations of MEG.  

The fluid was characterised and modelled with Multiflash with the same number of components and 
pseudo-components as the ones reported in the publication. No tuning was performed for the chosen 
equations of state as we aimed at evaluating the out-of-the-box performance of each thermodynamic 
model for a large set of data-points. The phase equilibrium calculations performed with Multiflash 
included the estimate of the full compositions of the coexisting phases as well as their physical 
properties. However, in the following, we will just concentrate on the partitioning of components such 
as MEG, water and the light hydrocarbons between the phases.  

 

 

Figure 4 VLE phase envelope of the dry gas and of the gas with 89 mole% of water and water line, calculated 
with CPA.  

The plot in Figure 4 shows the bubble and dew point curve for the dry (brown line) and wet (red line) 
gas sample. The presence of a high quantity of water (89 mole% of the total) dramatically affects the 
shape of the phase envelope. The aqueous phase is present for most part of the phase diagram. 
Furthermore, the phase envelope shows some interesting features, such as the sudden drop of the 
bubble point line at low temperature, due to the formation of hydrates, that takes away light molecules 
(mainly methane) from the feed, stabilising the liquid phase compared to the gas phase. Phase 
equilibrium was measured at the conditions of the highlighted data points, which are well inside the 
LLE region where the hydrocarbon liquid phase coexists with the aqueous phase. 
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MEG partitioning  
In order to assess the performance of the thermodynamic model, we solved the phase equilibrium at 
the conditions of the measured data points, using the given feed composition with the Peng-Robinson 
equation of state and the implementation of CPA in Multiflash. We focussed on the partitioning of 
MEG between the hydrocarbon and aqueous liquid phase. 

Figure 1 (Page 3) shows the K-value (K=x(L)/y(W); ratio between concentration of a component in the 
liquid and the aqueous phase) of MEG versus the temperature for partitioning between the liquid 
hydrocarbon and the aqueous phase for three different concentrations of MEG (25%, 50 and 65%) 
within a temperature range between 0 and 250 F. The K-value uses a log scale and the temperature 
uses an inverse of the absolute temperature scale. The CPA results are shown using solid lines and 
the PR results are shown using dashed lines. The comparison with the experimental values (dots) 
shows that the PR predicted amount of MEG in the hydrocarbon phase is too low by a factor of 10 or 
more. The deviation reaches a factor 1000 at low temperatures. The predictions with CPA are very 
close to the experimental values except for the lowest temperature. The large deviations for PR are 
not surprising, since it is known that PR, like similar equations of state (RKS for example) are not 
suitable for polar and associating components. Their limitations result in an excessive affinity of MEG 
and water and a too small affinity of water and MEG with hydrocarbons. As the plots show, the result 
is consistent across the whole data set, with MEG concentration varying from 25 to 65 wt%. 

Recently, other commercial software packages have implemented the CPA equation of state although 
in a slightly different formulation, originally derived by a research group at DTU, the Technical 
University of Denmark (Kontogeorgis & Voutsas, 1996)41 (Kontogeorgis, Voustas, Yakoumis, & 
Tassios, 1996)42. The model is equivalent to the one implemented in Multiflash (Kontogeorgis, 
Yakoumis, Meijer, Hendricks, & Moorwood, 1999)43 in terms of accuracy of predictions, provided all 
the relevant parameters for each component and BIPs are set correctly. However, in case some of 
the parameters are not set correctly, and default values for associating components, are provided, 
results may be significantly wrong as shown in the figure below. In Figure 5 we report the results 
obtained for the three concentrations of MEG with the fully parameterized CPA-Infochem, compared 
with experimental values (points) and the results obtained with the alternative implementation of CPA, 
but with full parameterisation only for water and hydrocarbons (dashed lines), while the parameters 
for MEG have been replaced by default values. The solubility of MEG in hydrocarbons is grossly 
under-estimated, leading to results even more wrong than with standard PR. 

                                                           
41 Kontogeorgis, G. & Voutsas, E. (1996). An equation of state for associating fluids. Industrial & engineering 
chemistry research, 35 (11), 4310-4318. 
42 Kontogeorgis, G. M., Voustas, E. C., Yakoumis, I. V. & Tassios, D. P. (1996). An equation of state for 
associating fluids. Ind. Eng. Chem. Res., 35, 4310-4318. 

43 Kontogeorgis, G. M., Yakoumis, I. V., Meijer, I. V., Hendricks, E., & Moorwood, T. (1999). Multicomponent 
phase equilibrium calculations for water–methanol–alkane mixtures. Fluid Phase Equilibria, 158, 201-209. 
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Figure 5 Comparison of K-values for MEG at the three different concentrations of MEG, between the results 

obtained with the fully parameterised CPA-Infochem (solid lines) and a partly parameterised implementation of 
CPA-DTU (dashed lines). 

Figure 5 shows that the correct and full parameterisation of the model is even more crucial than the 
presence of the model itself, to obtain the correct predictions. This aspect is even more delicate for 
the original version of CPA derived at DTU as it requires the setting of extra parameters for each 
associating component. The method of parameterisation of the CPA-Infochem formulation makes it, 
on the other hand, a very convenient and reliable engineering tool, able to conjugate accuracy and 
modelling rigor, with a wide and practical applicability.  

 
Water in Hydrocarbons vs Hydrocarbons in Water  
As shown in the previous section, the partitioning of MEG between the liquid hydrocarbon and 
aqueous phase turns out to be quite problematic for simple models such as cubic equations of state. 
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Figure 6 Equilibrium constant of water between the hydrocarbon liquid phase and the aqueous phase for PR and 

CPA and experimental values. 

Contrary to what was shown in the previous section, the solubility of water in the hydrocarbon phases 
is much better captured by both equations of state. Figure 6 shows the partitioning of water between 
the hydrocarbon liquid phase and the aqueous phase. This time, PR (dashed lines) compares quite 
well with the experimental values (dots) for most of the temperature range and for the various 
concentrations of MEG. The results obtained with CPA (solid lines) are still consistently better than 
the ones obtained with PR. However, the deviation is now within a reasonable range for both 
equations of state, considering the scattering of the experimental data across the temperature range 
and the range of concentrations of MEG. This result is expected, since it is well known that, with a 
wise choice of BIPs and mixing rules, cubic EoS are able to predict the solubility of water in the 
hydrocarbon phases, with a reasonable level of accuracy. 

Results are, however, significantly different, when we look at the concentrations of hydrocarbons in 
the aqueous phase. Here, as water is the dominant component, the cubic approximation is not 
suitable any more to capture the solubility, while the additional association term in the CPA is again 
crucial to recover accuracy.  

Figure 3 (Page 5) shows the concentration of Methane (left) and Isobutene (right) in the aqueous 
phase at the various concentrations of MEG between 0% and 65%. As the plots show, CPA (solid 
lines) is consistently very close to the experimental values (dots), while the predictions with PR 
(dashed lines) consistently and grossly underestimate the amount of hydrocarbons in water. As we 
will see, this is a relevant point when sizing the facilities for the MEG regeneration.  
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Hydrocarbon partitioning between the hydrocarbon liquid and vapour 
phase  
 

 

Figure 7 Concentrations of Methane, Ethane and Isobutene in hydrocarbon liquid, predicted with PR and CPA, 
and experimental values. 

In Figure 8 the concentration of Methane, Ethane and Isobutene in the hydrocarbon liquid phase are 
reported as predicted with PR and CPA, together with the corresponding experimental values. The 
result is very good with both equations of state. In fact, the result is so good that the differences 
between the two equations of state cannot be seen with the logarithmic scale of the plot. Deviations 
are within 2 or 3% across the whole range of temperatures and MEG concentrations and consistently 
good for all the hydrocarbon components. This is to be expected, since cubic equations of state are 
normally accurate in the prediction of the fractionation of hydrocarbon species between the 
hydrocarbons liquid and gas phases. 

 

The impact on hydrate inhibition   
The previous sections allowed us to highlight the shortcomings of cubic equations of state in 
modelling mixtures with high concentrations of polar and associating components, as well as 
underlying the areas where, on the other hand, cubic EoS perform well. In the following two sections 
we will show how these shortcomings of PR and, similarly, of other cubic EoS, can affect design and 
operating choices. 

MEG injection is one of the most common hydrate inhibition strategies. Compared to other solutions it 
has several advantages, not in the least the fact that it can be regenerated and re-circulated. The 
correct estimate of the amount of MEG needed to inhibit hydrates is crucial, when making design 
choices or in monitoring production. An excessive MEG injection rate is obviously expensive in terms 
of chemicals processing and required facilities. Furthermore, excessive chemical injections may have 
negative effects on scale formation or corrosion, resulting in further costs for remediation, potential 
downtime for maintenance or, if unforeseen, even catastrophic incidents.  
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In the previous sections, we highlighted the fact that, for a given composition, the partitioning of MEG 
between the liquid hydrocarbon and aqueous phase may be predicted completely wrong when using 
the wrong thermodynamic model. Irrespective of the amount of MEG in the composition, we observed 
that the MEG partitioning between liquid and aqueous phase predicted by PR is consistently too low 
(10 to 100 times smaller), compared to the published experimental values. The values predicted with 
CPA on the other hand, are accurate, with only some deviations at very low temperature and with a 
high concentrations of MEG.  

The hydrate inhibition effect is obtained by de-hydration of the hydrocarbons mixture, through the 
stabilisation of the aqueous phase. In other words, the addition of MEG allows the water present in 
the mixture to separate from the hydrocarbon components, and form an aqueous phase more easily. 
This prevents the potential formation of hydrates at the source. The amount of MEG needed to 
separate a given amount of water, which is diluted in the aqueous (rich MEG) phase, or, similarly, the 
amount of MEG still present (or “wasted”) in the hydrocarbon liquid phase, is, therefore, a measure of 
the efficiency of the inhibition process. The less MEG one needs to stabilise a given amount of 
aqueous phase for a given mixture, the more efficient the inhibition will be. Since the predictions with 
PR show a greater amount of MEG in the aqueous phase, than the actual measurements, and 
practically no MEG left in the hydrocarbon liquid phase, this means that the inhibition effect predicted 
by PR is less efficient, than the one predicted by CPA and observed in the experiments. 

To confirm this, we added the hydrates model (Edmonds, Moorwood, & Szczepanski, 1994)44 
implemented in Multiflash to the fluids modelled earlier with PR and CPA.  

Figure 2 (Page 4) shows precisely the anticipated effect. As PR predicts a too high concentration of 
MEG in aqueous phase, the hydrate inhibition effect of MEG is diminished. Therefore, with the same 
concentrations of MEG, the inhibition effect predicted with CPA is much greater than when predicted 
with PR. It is worth noting that the perfect overlap of the hydrate dissociation lines obtained with the 
two equations of state in absence of MEG (red solid and dashed lines in Figure 2) shows that this 
effect is not due to some other coupling effects of the hydrate model with the underlying fluid equation 
of state. In absence of MEG, the hydrate dissociation line depends solely on the hydrate formation 
energy and the concentration of the hydrate formers (in this case, mostly methane). The hydrate 
dissociation temperature is, in other words, not very strongly dependent on the underlying fluid 
equation of state, as long as it is able to predict the formation of an aqueous phase and a coexisting 
hydrocarbon fluid phase. Differences are obviously visible in other thermodynamic aspects, such as 
the composition of the aqueous phase, as shown in Figure 3 or even the water dew point line, i.e. the 
temperature at which the aqueous phase separates. This, at pressures above 500 psig, is responsible 
for the slight difference between the hydrate dissociation line with CPA (red solid) and PR (red 
dashed) in Figure 2. Overall, however, Figure 2 shows very clearly that PR will dramatically 
overestimate the required amount of MEG when trying to avoid the formation of hydrates. 

To further quantify our claim, let us imagine that at one point of our processing plant or transport line, 
we reach a temperature of 10 F and a pressure of 1500 psi. Both our models, with PR and CPA and 
the common hydrates model, show formation of hydrates in absence of MEG injection. The 
elaboration of a hydrate inhibition strategy is therefore needed, to carry on with the project. We want 
to know how much MEG is needed to suppress the formation of hydrates for our fluid under those 
conditions. Figure 2 shows that CPA predicts an amount of MEG between 25% and 50% in mass of 
the total of MEG and water. The same figure shows that PR predicts a quantity of MEG greater than 
50% of the total mass of MEG and water. The calculations with Multiflash confirm our predictions, 
CPA requires 45 wt% of MEG, PR, requires more than 60 wt% of MEG. The difference may not seem 
very large, but once you convert this to the amount of MEG required per m3 of gas, PR requires twice 

                                                           
44 Edmonds, B., Moorwood, R. & Szczepanski, R. (1994). Modelling highly polar mixtures in industrial processes. 
14th European Seminar on Applied Thermodynamics.  



July 2017 
 

17 
 

as much MEG compared to CPA. The plot below shows more graphically the relationship between the 
amount of lean MEG against the concentration of MEG in the rich MEG (MEG + Water), the required 
amounts to inhibit hydrates for our working point are highlighted.  

 

Figure 8 Relation between the amount of lean MEG over the amount of water in the composition, against the concentration 
of MEG in the rich MEG (Meg + water). The amount of lean MEG required by CPA is almost twice as much as the amount of 

MEG required by with PR. 

 
The impact on MEG regeneration Introduction 
The rich MEG feed will contain dissolved hydrocarbons and some hydrocarbons in the form of 
unseparated droplets. These components may influence both sizing and performance of condensers 
and vacuum equipment. In the MEG regeneration process, MEG, water, gas and hydrocarbons are 
separated in several steps, often in combination with heating. In addition, filters and coalescers are 
used to further reduce the amount of free hydrocarbon.  

In a MEG reclamation unit, the dissolved hydrocarbons will either evaporate or accumulate in the 
liquid phase. If they evaporate, they may end up in the water or be vented with the inert gas through 
the vacuum pump. It is important to predict the amount of inert gas that will go out through the 
vacuum pump to get an accurate capacity of the vacuum pump and vacuum system. 

The following information has been taken from a more detailed case study on the simulation of a MEG 
regeneration unit. Simulations of a MEG reclamation process have been performed with the PR EoS, 
UNIQUAC and the CPA model. Some key results are compared in Table 1. In most parts of the 
simulation the three models produce very similar results. Differences in heat capacity result in slightly 
different circulation rates and heat duties, but these are less than 2%. However, there are very large 
differences in the amount of vapour going to the vacuum system. In the gas transport pipeline the rich 
MEG is in contact with hydrocarbon condensates before being run through a separation process. As 
shown earlier, the PR-model predicts very low solubility of hydrocarbons and inerts (mainly CO2) and 
the result is a very low load on the vacuum system. The UNIQUAC model, on the other hand, predicts 
a much higher solubility of inerts and hydrocarbons and therefore a much higher load on the vacuum 
system. The CPA model, which we have shown to predict results close to experimental data, 
produces flow rates that are 30% below the UNIQUAC rates. 
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This shows that even though the PR model is good for VLE calculations of the binary water-MEG 
system, it should not be used for the simulations of MEG regeneration systems. The UNIQUAC 
model, on the other hand, overestimates solubility of hydrocarbons in MEG and will give a 
conservative result. 

 

 UNIT PR UNIQUAC CPA StDev (%) 

 Flash separator  

P bara 0.2 0.2 0.20  

T C 120.1 123.1 121.8 1.03 

Mass frac MEG wt. % MEG 0.975 0.981 0.978 0.24 

 FORCED REBOILER OPERATING CONDITION 

Recirculation 
 Rate 

Am3/h 797.1 760.8 800.6 2.29 

Reboiler Duty kW 4 742 4 857 4 662 1.68 

Hoi Oil Flow Am3/h 216.5 229.3 202.0 5.15 

 GLYCOL DISTILLATION COLUMN OPERATING CONDITION 

P bara 0.2 0.2 0.2 0.00 

Feed act vol flow Am3/h 56 403 57 145 54 067 2.35 

Feed mass frac MEG wt. % MEG 0.60 0.60 0.58 1.39 

Fs-Factor Top Pa^0.5 2.32 2.38 2.27 1.90 

Reflux temp C 40.1 40.1 40.1 0.00 

Reflux Ratio % 48.9 50.3 48.6 1.46 

Reflux rate Am3/h 3.50 3.68 3.42 3.01 

Fs-Factor Btm Pa^0.5 2.70 2.72 2.56 2.69 

MEG in vap ppmw 1.70 0.23 0.62 73.16 

Lean MEG Clm  
Mass Flow 

kg/h 7 198 7 280 6 589 4.39 

T C 89.6 89.0 90.5 0.66 

Lean MEG Cooler 
Duty 

kW 276 294 263 4.51 

 OVERHEAD CONDENSER OPERATING CONDITION 

Duty kW 4 860 4 930 4 688 2.11 

Overhead  
Temperature 

C 56.8 56.6 56.7 0.11 
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Overhead  
Pressure 

Bara 0.17 0.17 0.17 0.00 

Residual H2O vapour kg/h 0.21 4.69 3.25 68.84 

Inerts kg/h 0.09 1.76 1.09 70.31 

Actual Gas Flow Am3/h 4 92 63 68.90 

 VACUUM RECEIVER OPERATING CONDITION 

Vacuum Receiver 
Temperature 

C 40.0 40.0 40.0 0.00 

P bara 0.1 0.1 0.1 0.00 

Vacuum Receiver 
Water Outlet 

kg/h 7 116 7 276 6 983 1.68 

Process Water kg/h 3 633 3 614 3 583 0.57 

 VACUUM PUMP SUCTION CONDITION 

P bara 0.1 0.1 0.1 0.00 

Vacuum Receiver 
Temperature 

C 40.0 40.0 40.0 0.00 

Actual Gas Flow Am3/h 4.1 91.8 63.2 68.90 

 
Table 1 Process simulations comparing PR, UNIQUAC and CPA 

The reclamation plant was assumed to have the same capacity in all three cases, although we have 
shown above that the use of PR would have dictated a plant capacity that is twice the required 
capacity due to the inaccuracies in PR compared to CPA and experimental data. The UNIQUAC 
model would never be used for gas transport as it is typically only suitable for operations at pressures 
below 10 bar. So at best we can assume that somehow an accurate assessment would be made of 
the required MEG regeneration capacity, resulting in a serious over-sizing of the vacuum system. 

 
Conclusions  
We have analysed the impact of thermodynamic modelling in process simulation, by looking at the 
effect of the predicted VLE and LLE and physical properties of the phases on some of the aspects 
that one normally looks at, in designing or operating a gas processing plant.  

We focussed in particular on the choice of the equation of state. On the one hand there are the 
traditional cubic models, such as Peng-Robinson (PR). The use of PR is regarded as the standard in 
process simulation of oil and gas systems and, as such, set as the default choice in several 
simulators. On the other hand, there is the Cubic Plus Association CPA equation of state, 
implemented in Multiflash and available in Petro-SIM through the integration of Multiflash.  

We highlighted the shortcomings of the cubic approximation when dealing with the presence of polar 
and associating compounds, such as water and glycols. Similar results can be shown in presence of 
alcohols like Methanol, or Ethanol, e.g., for similar hydrates inhibition applications. These components 
are very often present in oil and gas mixtures, either already in the reservoir fluids (water) or as result 
of processing. As an example, we looked at a gas condensate mixed with various concentrations of 
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water and MEG, as representative of a class of cases in which MEG is injected to inhibit formation of 
hydrates. The LLE results showed that PR, similarly to all the other cubic EOS, predicts with 
reasonable accuracy the concentrations in the hydrocarbon liquid and gas phase. However, the cubic 
approximation is clearly not capable of accurately predicting: 

1. The partitioning of MEG between the aqueous and the liquid hydrocarbon phase, leading to 
wrong conclusions on the efficiency of the de-hydration of the mixture. 

2. The solubility of hydrocarbons and inerts in the water phase. 

These two shortcomings affect the elaboration of the hydrate inhibition strategy, and the subsequent 
sizing of the required facilities. Our analysis shows in particular that: 

1. A fluid model based on PR grossly underestimates the hydrate inhibition effect of MEG. This 
results in an over-conservative MEG injection rate calculation and subsequent wrong sizing of 
the facilities or potential losses of production. A fluid model based on CPA on the other hand, 
captures the solubility of MEG in the aqueous phase correctly, resulting in a significant 
reduction of the amount of MEG needed to inhibit hydrates. 

2. The gross underestimation of the solubility of hydrocarbons and inerts in the rich MEG phase 
will result in an incorrect sizing of parts of the MEG regeneration facilities. Excessive design 
margins may be added to the entire plant design to make up for the lack of accuracy and 
reliability of the model, with a potentially significant and unpredictable increase of costs. 

In some cases, the adoption of more complex mixing rules and the tuning of BIPs, or other model 
parameters, may recover some accuracy. However, the shortcomings we highlighted are due to the 
fundamental inability of the cubic approximation to model associating and polar compounds. Only the 
use of a more complex and physically sound model, like CPA, is able to guarantee a sufficient level of 
coherence and accuracy across the range of applications needed in a process simulation. 
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