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ABSTRACT 
 
An equation-oriented approach was developed for steady 
state flowsheeting of a commercial methanol plant. The loop 
consists of fixed bed reactor, flash separator, preheater, 
coolers, and compressor. For steady sate flowsheeting of the 
plant mathematical model of reactor and other units are 
needed. Reactor used in loop is a Lurgi type and its 
configuration is rather complex. Previously reactor and flash 
separator are modeled as two important units of plant. The 
model is based on mass and energy balances in each 
equipment and utilizing some auxiliary equations such as 
rate of reaction and thermodynamics model for activity 
coefficients  of liquid.  By  integral  simulation of the 
methanol production loop forty-four nonlinear and linear
equations have been generated and solved for unknowns by
Newton's multidimensional  global convergence  method.
In order to tovalidate the  mathematical model for the
synthesis loop, some simulations data were performed
using  operating  conditions   and  characteristics   of  the
commercial plant. The good agreement between the model 
 results and the plant data shows the validity  of the it.
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1 INTRODUCTION 

 
Increasing competition in the process designs has forced 
industries to develop and apply mathematical simulation 
techniques to guarantee the quality of their products. Main 
issues in this context are plant economy and safety, purity of 
products, equipment costs, minimum feedstock and utilities 
consumption and environmental impacts. The pursuit of 
these goals leads to a rapidly growing number of 
applications of computer simulations both in the design 
phase and in the operating phase of chemical plants such as 
refineries, ethylene or gas processing plants, or air 
separators. The traditional steady-state simulation is 
important for the design or process synthesis of such plants 
because they operate mostly in this mode. 

Chemical flowsheeting as a means of performing 
assessments of chemical process systems has a history that 
is as old as the concepts of mass and energy balances. At 
First, the calculations were carried out using only pencil and 
paper, sometimes assisted by the use of a slide-rule. It 
comes without saying that the more detailed and complex 
the system under observation is, the more time-consuming 
and tedious is the solution of the equations and models 

necessary to describe the chemical system. A major change 
in this methodology was brought about by the introduction 
of the computer. Now it became much easier and quicker to 
carry out the calculations needed. At first, the models that 
were already developed were transferred to the computers as 
batch-models, where individual models described every unit 
of a process system, with no interaction between them. With 
the evolution of more and more powerful computers, the 
idea of connecting the different batch models with each 
other emerged, thus, allowing model interaction within a 
simulation (Kivisaaria et al., 2001). 

The modeling tools in current simulators may roughly be 
classified into two groups (Rico-Ramirez, 2002). An 
equation oriented (EO) chemical process flowsheeting 
system, which may contain many thousands of variables for 
a complex chemical process. It is typically sparse, 
underspecified, and nonlinear (Ercal et el. 1995). Solution of 
such systems of nonlinear equation requires extra powerful 
computer processors and efficient numerical methods to 
converge. In addition to EO method, there are the so-called 
SM (sequential modular) simulators, where data are 
transferred between the individual models, but they are 
solved one at a time, in a predefined sequence. In 
comparison with SM, EO are less robust but more flexible. 
The last mentioned disadvantage of EO is negligible when 
the number of equations is not so much and the resulted 
equations set is not so nonlinear and spars as it is here. 

Methanol synthesis is among the industrial process that 
has most attraction for steady flowsheeting as methanol is 
being one of most resources for renewable energies. It has 
also started being used as a material for producing MTBE, 
for which demand is rising as an additive for automobile 
gasoline. The demand for methanol is steadily increasing. It 
is hoped that methanol can be used to generate power, 
because it is an environmentally sound fuel. 

At present, methanol is produced from synthesis gas (a 
mixture of CO -

2CO  and ) and the reaction is catalyzed 
by a catalyst composed of ( ), in the low-
pressure process at 50-100 atm  and 200-300 . 
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The mechanism of methanol synthesis is not fully 

understood. Although much work has been reported 
(Chinchen et al., 1988; Skrzypek et al., 1995), there is still 
no agreement on the nature of the active sites and 
intermediates. Graaf et al. (1988) have considered a 
mechanism in which CO  and  are both adsorbed on the 
same active site. On the other hand it have been suggested a 
mechanism in which CO  and  undergo hydrogenation 
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