RESUMEN

El procesamiento del gas natural para la extraccion del etano e hidrocarburos superiores es
una actividad de gran importancia dentro del sistema gasifero de un pais. El etano constituye
la materia prima fundamental de la denominada petroquimica base gas, mientras que propano,

butanos, pentanos y superiores, se comercializan fundamentalmente como combustibles.

En el caso de Argentina, la actividad de procesamiento forma parte del sistema de transporte
y distribucion de gas natural, el cual se encuentra regulado para asegurar una adecuada
provision de este insumo a los consumidores industriales y domiciliarios. Por este motivo
suelen existir restricciones sobre la cantidad de hidrocarburo que puede extraerse del gas
disponible. Por otra parte, el negocio de extraccidon se encuentra sujeto a la incertidumbre
inherente a los mercados en lo que respecta a demanda y precios de los productos del
procesamiento asi como a la variabilidad de los gasoductos en cuanto a calidad y cantidad de
gas a procesar. Como consecuencia, esta actividad se encuentra sometida a una gran
variabilidad a lo largo del afio, lo que dicta la necesidad de ajustar en forma permanente la
operacion de los complejos de extraccion para optimizar el negocio. Dada la complejidad
estructural de las plantas de extraccion modernas, esta tarea puede verse beneficiada por la
disponibilidad de herramientas de asistencia en la toma de decisiones basadas en modelos

matematicos de optimizacion.

En esta tesis se presenta un modelo matematico para optimizar la operacion del complejo de
extraccion de hidrocarburos instalado en la localidad de Gral. Daniel Cerri proxima a la
ciudad de Bahia Blanca. El modelo no-lineal mixto-entero propuesto contempla las multiples
opciones de mezclado disponibles en el complejo asi como la posibilidad de operar o pasar a
reserva sus cinco plantas de extraccion de hidrocarburos. Dichas plantas poseen diferentes
tecnologias de extraccion y por lo tanto rendimientos distintos en funcion de sus respectivas

variables operativas.

Los resultados del modelo se comparan contra datos historicos del proceso para cinco
escenarios operativos frecuentes a lo largo del afio, con el objeto de cuantificar los potenciales
beneficios de su aplicacion sistematica. Se presentan ademas diversas aplicaciones con el
objeto de ilustrar su uso para asistir en la toma de decisiones tanto a escala operativa, como

tactica y estratégica.
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ABSTRACT

The processing of the natural gas for the extraction of ethane and heavier hydrocarbons is of
fundamental importance within the gas system of a country. Ethane is the basic raw material
of the gas based petrochemical industry, while propane, butanes, pentanes and heavier

compounds are mainly commercialized as fuels.

In the case of Argentina, the processing activity is a part of the natural gas transport and
distribution system, which is regulated by law in order to ensure an adequate provision for
home and industrial use. For this reason, constraints on the amount of hydrocarbons that can
be extracted from the available gas frequently arise. On the other hand, the extraction business
is subject to market inherent uncertainty regarding demands and prices of the products, as
well as to the variability of the pipelines regarding quality and availability of raw material. As
a consequence, this activity faces a high variability along the year, which dictates the
necessity of tuning the operation of the extraction complexes almost permanently in order to
optimize the business. Due to the structural complexity of the modern extraction plants, this
task could benefit from the availability of decision making support tools based on

mathematical optimization models.

In this thesis a mathematical model is presented aimed to optimize the operation of the
hydrocarbon extraction complex located in Gral. Daniel Cerri close to Bahia Blanca city. The
proposed mixed-integer-nonlinear model considers all the available gas mixing options in the
process as well as the possibility of turning-on and shutting-down its five hydrocarbon
extraction plants. Such plants possess different technologies and therefore different extraction

efficiencies as functions of their respective operative variables.

Model results are compared against historical process data for five frequent operating
scenarios along the year in order to quantify the potential benefits of its systematic
application. Several applications are also proposed in order to illustrate its use in decision

making at operational, tactical and strategic levels.



Referencias

REFERENCIAS

Aseeri A. and M. Bagajewicz (2004); New Measurements and Procedures to Manage
Financial Risk with Applications to the Planning of Gas Commercialization in Asia; Comp.

Chem. Eng., 28, pp. 2791-2821.

Bandoni J. A., A. M. Eliceche, G. Mabe and E. A. Brignole (1989); Synthesis and
Optimization of Ethane Recovery Process; Comp. Chem. Eng. 13 (4-5) pp. 587-594.

Barton P. I. and A. Selot (2007) ; A Production Allocation Framework for Natural Gas
Production Systems; Proceedings ESCAPE 17, V. Plesu and P. S. Agachi (Editors).

Biegler L. T., I. E. Grossmann and A. W. Westerberg (1997); Systematic Methods of

Chemical Process Design; Prentice Hall.

Bullin K. A., K. R. Hall (2006); Optimization of Natural Gas Processing Plants Including

Business Aspects; Bryan Research and Engineering, Technical Papers.

Chiang W. and R. A. Russell (2004); Integrating Purchasing and Routing in a Propane Gas
Supply Chain; European Journal of Operational Research, 155 pp. 719-729.

Contesse L., J. C. Ferrer and S. Maturana (2005); A Mixed Integer Programming Model for
Gas Purchase and Transportation; Annals of Operations Research, 139 pp. 39-63.

Diaz S., A. Serrani, R. de Beistegui and E. A. Brignole (1995); A MINLP Strategy for the
Debottlenecking Problem in an Ethane Extraction Plant, Comp. Chem. Eng., 19, pp. S175-

S180.

Diaz M. S., A. Serrani, J. A,. Bandoni and E. A. Brignole (1997); Automatic Design and
Optimization of Natural Gas Plants, Ind. Eng. Chem. Res., 36 pp. 2715-2724.

R.1



Referencias

Diaz, S., E. A. Brignole and A. Bandoni (2002); Flexibility Study on a Dual Mode Natural
Gas Plant in Operation; Chem. Eng. Comm., 189, pp. 623-641.

Eliceche A. M., M. Sanchez and L. Ferndndez (1998); Feasible Operating Region of Natural
Gas Plants under Feed Perturbations. Comp. Chem. Eng. 22 (S1), 879—-882.

Fernandez L., J. A. Bandoni, A. M. Eliceche and E. A. Brignole (1991); Optimization of
Ethane Extraction Plants from Natural Gas Containing Carbon Dioxide; Gas Separation and

Purification 5 (4) pp. 229-234.

GAMS (2008a). A Users’ Guide. GAMS Development Corporation.

GAMS (2008b). The Solvers Manual. GAMS Development Corporation.

Goel, V. and 1. E. Grossmann (2004); A stochastic programming approach to planning of
offshore gas field developments under uncertainty in reserves; Comp. Chem. Eng. 28 (8) pp.

1409-1429.

Goel V., I. E. Grossmann, A. S. El-Bakry and E. L. Mulkayb (2006); A novel branch and
bound algorithm for optimal development of gas fields under uncertainty in reserves; Comp.

Chem. Eng. 30, pp. 1076-1092.

Gomes L. G. and M. R. Wolf Maciel (1996); Development of a Methodology to Reproduce
and To Optimize the Operating Conditions of a Natural Gas Processing Unit; Comp. Chem.
Eng.. 20 pp. S1511-S1516.

Hamedi M., R. Z. Farahani, M. M. Husseini and G. R. Esmaeilian (2009); A Distribution
Planning Model for Natural Gas Supply Chain: A Case Study; Energy Policy, 37 (3) pp. 799-
812.

Kallrath J. (2005); Solving Planning and Design Problems in the Process Industry Using
Mixed Integer and Global Optimization; Annals of Operations Research, 140 pp. 339-373.

Konukman A. and U. Akman (2005); Felxibility and Operability Analysis of a HEN-
integrated Natural Gas Expander Plant; Chem. Eng. Science, 60 pp. 7057-7074.

R.2



Referencias

Levary R. and B. Dean. (1980). A Natural Gas Flow Model Under Uncertainty in Demand;
Operations Research, 28 (6) pp.1360-1374.

Mestfin, G. and M. Shuhaimi (2008). A Chance Constrained Approach for a Gas Processing
Plant with Uncertain Feed Conditions; Computers and Chemical Engineering, 34 pp. 1256-
1267.

Murphy F., R. Sanders, S. Shaw, and R. Trasker. (1981); Modeling Natural Gas Regulatory
Proposals Using the Project Independence Evaluation System; Operations Research 29 (5) pp.
876-902.

O’Neill R., M. Willard, B. Wilkins and R. Pike. (1979); A Mathematical Programming Model
for Allocation of Natural Gas; Operations Research, 27 (5) pp. 857-872.

Papile S. (1989); Natural Gas Liquids Plant Optimization: An Application of Linear

Programming: Msc Thesis, Simon Fraser University.

Rodriguez M. (2009); Modelamiento y Optimizacion Dindmica de Procesos Criogénicos de

Separacién; Tesis Doctoral; Universidad Nacional del Sur.

Schulz E. (2005); Analisis y Operacion Integrada de un Proceso Petroquimico; Tesis

Doctoral; Universidad Nacional del Sur.

Selot A. (2009); Short-Term Supply Chain Management in Upstream Natural Gas Systems;
PhD Thesis, Massachusetts Institute of Technology.

Tawarmalani, M. and N. V. Sahinidis (2002); Convexification and Global Optimization in
Continuous and Mixed-Integer Nonlinear Programming: Theory, Algorithms, Software, and
Applications, Kluwer Academic Publishers, Dordrecht, Vol. 65 in “Nonconvex Optimization

and its Applications” series.

R.3



