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The introduction of the Peng-Robinson equation of state and deep knowledge of the authors on
retrograde effect in natural gas systems paved the way to compute retrograde condensation in
pipelines and in subsurface applications. This step was followed by description of reservoir crude
oil systems by the Peng-Robinson equation of state. The fully EOS compositional reservoir
simulations were then advanced. The merit of EOS compositional modeling is consistent
description of various phases in the same approach to describe gravitational and non-equilibrium
effects . In recent years, phase description of mixtures with polar and non-polar species and
mixtures of brine with nonpolar species have become of high interest in relation to CO>
sequestration and hydrogen storage in the subsurface. The eCPA (electrolyte cubic plus
association) equation of state is being advanced to describe equilibrium in multi-salt brine and
various gases. In addition to physical interactions between nonpolar species in the Peng-Robison,
other effects are accounted for. These include association between polar species, cross
association between nonpolar and polar species, and ion-ion interaction in a solvent medium, and
ion-solvent interactions. The framework allows for solubility of gases such as CO; and methane
in brines with muti-salts, unusual water content in CO», and thermal effects.

In subsurface flow calculations, efficient and robust computation of phase split by cubic
equations, CPA and eCPA equations of state are also the requirement. The concept of phase
stability analysis, and numerical solution of non-linear algebraic equations combined with Gibbs
free energy reduction in every computational step will facilitate robustness in the critical region
and near phase boundaries.

This presentation will cover the success story of the Peng-Robinson cubic equation of state and
later expansion to cover recent areas of application and integration with various concepts.
Efficient computations have been achieved in geothermal energy extraction, hydrogen storage in
the subsurface COx sequestration in aquifers, asphalter precipitation, and multiphases (3 to 4) in
high CO; content petroleum fluids.
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