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Distillation accounts for a large part of the energy used in industry.  In the United States, the chemical industry represents 24% of manufacturing energy use.  There are over 40,000 distillation columns in use, performing various processes ranging from petroleum refining to purifying of chemicals for home and medical use.  Despite their flexibility and widespread use, these columns have low energy efficiency [1].


Using differences in boiling points, distillation can separate mixtures of chemicals to a high degree of purity.  However, this purity comes at the price of high energy input.  This energy is mainly due to irreversible work performed by heating in the reboiler and cooling in the condenser of the column.

When separating a mixture of three components using simple distillation columns, at least two columns are needed.  If a mixture of A, B, and C (in order of increasing boiling point) were to be separated, this could be done in one of three ways:  direct, indirect, or transition split.  In a direct split, component A will be the desired distillate, while a second column is required to separate B and C.  In an indirect split, component C is obtained from the bottom, while A and B in the distillate require a further separation.  In a transition split, A and B form the distillate, while B and C form the bottoms.  Then two more columns are needed, one for separating each of the original product streams.
Ways to decrease the large energy input required for distillation include modifying existing columns by updating equipment or adding a prestripper before the main column [2].  Thermal coupling is another way to reduce energy use.
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Several investigators [3,4] have analyzed possible configurations of thermally coupled columns and the energy savings associated with them.  Figure 1 shows the transition from a system of non-thermally coupled columns (the transition split), into the fully thermally coupled Petyluk arrangement, and finally the dividing-wall column.  A transition split configuration requires three reboilers and three condensers.  The Petyluk arrangement uses a section called the prefractionator to begin the separation of components, and uses only one condenser and one reboiler.  The DWC places both the prefractionator and the main column in the same outer shell to save on construction costs.  Companies using DWC’s have reported savings of up to 30% in both capital and energy costs [4].
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Figure 1.  a)  Transition split arrangement (adapted from [5])  b)  Petyluk arrangement

c)  Dividing-wall column [4]


When comparing the energy use of different column arrangements, the analysis should be between columns at the minimum reflux required for the desired separation.  At minimum reflux, the column is using the least amount of energy for a given configuration and product purity.

It has been shown by Lucia and coworkers [6] that the length of the stripping line corresponds to the amount of energy used for the separation.  The stripping line is the composition profile for the lower portion of the column.  It is unknown if this relationship is also true of dividing-wall columns.  In addition, in view of the complexities introduced by the presence of recycle streams, it is unclear how the stripping line should be defined for complex columns.  As a step towards understanding the stripping lines of complex column arrangements, several models were examined.  All of the models developed in this work used mass balances and a relative volatility model for vapor-liquid equilibrium.  These models were used to examine both dividing wall columns and sequences of simple columns.  Figure 2 shows the composition profiles from a sequence of two columns.  The corners of the diagram represent pure components.
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Figure 2.  Direct split sequence of columns at minimum reflux.


We have been investigating the energy use of sequences of distillation columns; we wish to determine what relationship exists between the stripping line lengths for each column and their individual stripping (or boil-up) ratios.  Our hypothesis that there is a simple relationship between line length and boil-up ratio for simple sequences is supported by preliminary simulation results.  It is not yet clear if there is a simple way to assess energy efficiency for complex and/or coupled column systems.
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