
 

Abstract— Microsoft (MS) Excel, a spreadsheet application by 

Microsoft Corporation that features a macro programming 

language called Visual Basic for Applications (VBA) is employed 

as an engine for the development of numerical simulation 

programs for distillation. Multiple numerical techniques, MS 

Excel’s built-in tags and codes and the circular-reference 

solution technique are utilized to achieve a converged and 

accurate value. The research attempts to formulate numerical 

simulation programs for the Ponchon-Savarit methods for binary 

non-ideal distillation using automated calculations for 

determining the number of plates in a plate distillation column 

with non-constant molar overflow. Generating distillation 

applications programs in MS Excel spreadsheet is possible by 

implementing numerical methods as well as automating tasks 

such as data organization in VBA, equipped with high coding 

effort and knowledge in numerical solution algorithms. MS 

Excel’s excellent graphical representations provide the user a 

reinforced intuition in the calculations. The results are found to 

be superior in accuracy and calculation speed as compared to the 

analytical and graphical methods of solution noting the 15-digit 

floating point accuracy limitation as defined by IEEE-754 

standards. 

 

Keywords— distillation, microsoft excel, numerical simulation, 
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I. INTRODUCTION 

In the Philippines, applications on distillation requires the 

students to perform calculations involving design to simulate 

distillation processes for the separation of any binary mixture. 

At present, the simplistic and graphical method provided by 

McCabe and Thiele [1] is virtually discussed in most unit 

operations textbooks by McCabe, Geankoplis and Foust 

[1]–[3], and is still being taught in the classroom. This method 

is extremely limited and inconvenient for non-constant molal 

overflows, and involving enthalpy balances in the calculations 

result to the difficulty of teaching it without hopelessly being 

bogged down in the analysis. The long and complex 

calculations cannot be completed in one single session as a 

classroom assessment. 

In the information age, there have been more visual – spatial 

learners in schools. Visual – spatial learners are individuals 
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who think in pictures rather than in words. They have a 

different brain organization than auditory – sequential 

learners. They learn better visually – demonstration over oral 

lectures according to Silverman [4]. There is a growing 

awareness of developing students’ computer skills in 

engineering courses. Simulations-assisted learning is 

necessary to enhance the theoretical concepts and to guide the 

engineering students with a major advantage in their future 

careers. In the field of process systems engineering (PSE) the 

mathematical programming computer methods have led to 

successful results for real industrial applications according to 

Garcia and Caballero [5]. 

Microsoft Excel (MS Excel) is the most commonly used 

spreadsheet application available in almost all computers. The 

application has been used in modern teaching and solving 

various mathematical problems in all branches of science and 

engineering. Numerical methods can be translated into MS 

Excel tags and codes that could create a calculating tool for 

engineering applications. MS Excel’s interface allows users to 

manipulate and design the spreadsheet to generate useful 

simulations as stated by El-Gebeily and Yushau [6]. 

This numerical simulations research aims to formulate an 

MS Excel program for the Ponchon-Savarit distillation method 

that will associate and use various numerical methods and 

translate MS Excel functions into replicating various 

numerical technique mechanisms. 

A. Significance 

The developed MS Excel programs will provide a 

straightforward solution to distillation processes using the 

Ponchon-Savarit method for non-ideal binary separation. The 

programs developed are primarily designed for the process 

analysis instruction of distillation processes. A unique 

distillation process problem may be assigned to each and every 

student in a distillation unit operation class by varying the 

amount of feed, type of feeding and the desired computational 

parameters, such as operating pressures, temperatures, binary 

phase equilibrium (y-x) data, enthalpy-concentration (H-x) 

data, among others. Questions may be handed as a take-home 

exam and students will work independently with their 

respective problem set outside the classroom where they can be 

able to think, study, and analyze the calculation processes, 

thereby understanding the distillation unit operation. 

Confirmation of the students’ unique solution and final 

answers shall no longer be a burden to the instructor since the 

tedious trial and error method is eliminated by using the 
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simulator.  

II. METHODS 

A. Numerical Simulations using MS Excel 

MS Excel tags and codes are used in conjunction with 

various numerical techniques in organizing numerical 

solutions for the simulation of the distillation process given 

certain scopes and limitations. MS Excel’s iterative solution 

coding and circular-referencing are used in generating the 

simulators in order to save space and computer memory in 

exchange for eliminating the initial iterations. AutoShapes 

included in MS Excel’s mainframe are used to draw the 

distillation diagrams, most importantly the stage and 

plate-by-plate separation diagrams, reinforcing the intuition of 

the user as stated by El-Gebeily and Yushau [6]. Fig. 1 shows 

the interface of the binary rectification simulator.  

B. Programming 

The simulator program initially requires H-x and y-x data, 

generated either from either experiments or from other phase 

equilibrium generators such as ChemSep [7]. The H-x and the 

y-x data are then regressed to high-order polynomials using MS 

Excel’s =linest() function. The developed equations followed 

the generic form (1) and (2) for vapor-phase and liquid-phase 

enthalpies and (3) for the phase equilibrium fractions. The user 

may then choose the best fit for each data set by graphical 

comparison of the data points with the generated curve. 
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The program then employs mass balances (4) and (5) for 

flow rates of the simulated fluid flow rates of the feed F, 

distillate D, and bottoms B and are solved using linear 

substitution methods. 

 

 BDF  . (4) 

 BDF BxDxFx  . (5) 

 

In coding the spreadsheet, the H-x points for F, D, B, liquid 

distillate enthalpy L0 and vapor distillate enthalpy V1 are 

determined from the inputted data of the user. Using points L0, 

F and V1, the enthalpy points D* and B* are calculated by the 

spreadsheet as shown in Fig. 2. The determination of the points 

D*, F and B* are required as they will form a straight line that 

designate the rectification and stripping zones and are then 

plotted, as shown in Fig. 3. Further, the enthalpy readings for 

points D* and B* correspond to the heat load needed to effect 

successful separation for a distillation process. 

Point D* is located at the point (xD, hD+qCD) in the H-x 

diagram; thus the numerical value of hD+qCD must be 

determined. It is calculated by codified form of the 

inverse-lever arm rule, as formulated by (6) and (7). 
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Fig. 1. Interface of the Ponchon-Savarit distillation simulator. Red text denotes editable regions 
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Fig. 2. Evaluation panel of the enthalpy points for the D*-F-B* line from the polynomial equations. 
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Point F is determined from (xF, hF) taking into consideration 

the ordinate of the point by (8), which is dependent on the value 

of q, the ratio of the feed flow rate that is vaporized, as 

described by McCabe, Smith and Harriott [1]. The two-point 

formula of a line is then used to construct a linear equation to 

locate point B* with coordinates (xB, hB+qRB) by using the 

points generated by D* and F as shown by (9). 

      qxhqxHh FLFVF  1 . (8) 
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The diagonal line equation (10) as described by Seader and 

Henley is used to establish stage-to-stage equilibrium 

calculations [8]. 

 nn yx  . (10) 

Simulation of the amount of plates for the distillation process 

is done by substituting the distillate concentration xD to (1) and 

(2). Equilibrium stage-to-stage calculations are then achieved 

by (10) before substitution to (3) for phase equilibrium 

concentration changes. The resulting concentration change 

xn+1 is reevaluated by (2) to calculate the new liquid enthalpies 

and plotted, as shown in Figs. 4(a) and 4(b). 

The simulator determines the location of the updated 

concentration value xn+1 by conducting a check whether the 

value xn+1 is greater, equal or less than the intersection of the 

D*-F-B* line and (2). After locating xn+1, the new point 

(xn+1,hL,n+1) is forced to form a linear equation with D* for the 

rectification zone or B* for the stripping zone, dependent on 

the location of xn+1. The resulting intersection of this linear 

equation with (1) found using the Newton-Raphson iteration 

represents the nth stage of the distillation process, 

corresponding to the nth plate of a distillation tower. Further 

iterations are conducted until xn reaches a value less than the 

bottoms concentration, xB.  

 
Fig. 3. Construction of the D*-F-B* tie line where q is 1, separating 

the rectification and stripping zones as generated by the enthalpy 

points.  
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Fig. 4(a). The diagonal line V1-L1 denotes the tie line for enthalpies. 

 

For highly non-ideal distillation processes, Murphree 

efficiencies represented by η are calculated in between the 

equilibrium evaluations. The Murphree-calculated 

concentration xn+1, η evaluated by using (11) is used instead of 

the phase equilibrium calculation for the next equilibrium 

stage. 

      1,1 1 nnn xxx . (11) 


Fig 4(b). Graphical construction of the iteration sequence as described 

by  

A. Simulation set-up 

Two simulators for the Ponchon-Savarit distillation process 

have been developed, one using simple binary rectification, and 

the second using open-steam binary rectification processes. 

Though different in the mathematical formulation of the 

stripping zone, they have the same method of coding. 

As shown in Fig. 5, the user enters the desired distillation 

process parameters such as the y-x and H-x data, operating 

pressures, temperatures, feed quality, among other required 

parameters. To calculate the results, the user will have to 

update the spreadsheet by pressing F9 key in order for the 

distillation simulator to begin the iterations, which 

automatically computes the converged and required number of 

plates, both for ideal and non-ideal distillation whose solution 

mechanism is described by Seader and Henley [8]. Heat load 

for distillation to effect are also calculated, taken at the bottom 

left panel of the spreadsheet. 

 
Fig. 5. The simulation setup for a distillation process using the Ponchon-Savarit distillation process simulator program
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III.CONCLUSIONS AND RECOMMENDATIONS 

The MS Excel programming aspect and VBA coding allows 

the user to implement a wide variety of numerical methods for 

solving distillation problems and then reporting the results 

back to the spreadsheet. Further, the simulator’s accuracy and 

speed of convergence are highly reliant on the numerical 

solution method used. The solution programs work best with 

the combination of higher-order numerical techniques and the 

smallest possible step size, keeping in mind the 15-digit 

floating point limitation of the solution engine by Microsoft 

Corporation [9], and the possible increase in computation times 

and coding methods for the usage of higher-order numerical 

techniques. 

Specialized versions of the Ponchon-Savarit simulator will 

be made available for use by students taking up 

distillation-related courses. The program will enhance the 

creativity of the students in the design of distillation towers, to 

develop their theoretical concepts and guide them with a major 

advantage in their future careers.  
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