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Further, it is necessary to locate the mixing point M1 composition, which 
enables the user to calculate S1 (assumed to be pure solvent, as in Figure 2) 
using the mass balance in Eq. 1:

The coordinates M1(xM1, yM1) are analytically determined by the intersec-
tion of the straight lines FS1 and R1E1.  The straight lines are calculated by 
using the Excel SLOPE and INTERCEPT functions that return the slope and 
intercept of a regression line passing through two given points, respectively.  
The same procedure can be used to find the operating point Δ (Figure 1b).

#4 Enabling ‘What-If’ Analysis

The problem statement of a counter-current 
L-L extraction problem may ask the student to 
determine the number of equilibrium stages 
such that “the final raffinate RN must contain no 
more than, for example, 12 wt.% solute.”  The 
graphical solution for a problem of this type is 
displayed in Figure 4a.  The dashed lines are 
the tie-lines that correspond to the equilibrium 
stages.  In total, 3 stages are needed to satisfy 
the above requirement with the solvent flow rate 
specified by the problem (1800 kg/h).  Even so, 
three stages yield a higher percentage of solute 
removal than what is required (yR3 = 0.057 < 
yRN = 0.12).  Excel may, thereby, assist in the 
analysis of potential alternative solutions.

The interactive nature of the spreadsheets 
allows “what-if” analyses in which the pa-
rameter values are changed and the results 
are immediately displayed.[4]  For example, in 
the solution displayed in Figure 4a, there still 
remains scope for improvement, provided that 
the RN solute wt.% does not exceed 12%.  The 
number of stages is an integer variable.  Thus, 
the students can “play” with the solvent flow 
rate in two ways: a) increasing the solvent flow 
rate (2050 kg/h) so that yRN = 0.12 is reached 
with 2 stages (in Figure 4b); and b) decreasing 
the solvent flow rate (1625 kg/h) so that yRN = 
0.12 is reached with 3 stages (not shown).  This 
open-ended approach empowers the students 
with skills to critically analyze a process.[29]    
Obviously, the final solution will need further 
economic analysis in order to find out which of 
the two options is better.  This type of analysis 
contributes to bridging the gap between de-
sign, optimization and economics, thus giving 
the student a more complete overview of the 
chemical engineering discipline.

#5 Improving Creativity

McCabe-Thiele distillation problems require 
finding a y = f(x) VLE function.  Best fitting 
curves do not always yield accurate results, 
especially if the mixture deviates from ideal 
behavior.  Direct interpolation using the data 
table is probably a better option.[3]  Complete 
automation is possible using the existing built-
in functions without the need for macros.  The 
students are encouraged to seek the combina-
tion of functions that enables automation.  
Thus, this type of exercise helps students im-

Figure 3.  Specific use of the TREND, SLOPE and INTERCEPT Excel func-
tions applied to the problem in Figure 2.

Figure 2.  A cross-current L-L extraction problem solved in a right triangle.
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prove their analytical and structured (programming) thinking.  For example, 
when stepping off the stages starting from the top, it is necessary to find the 
composition of the liquid leaving stage 1, xstage_1.  In a column equipped with 
a total condenser, the composition of the vapor leaving stage 1 is the same as 
the overhead product, xD (cell N3, x = 0.950, in Figure 5).  Thus, ystage_1 = xD = 
0.95.  One can use the MATCH function to identify the position in the equi-
librium data table (not shown for the sake of space-saving) that corresponds 
to the value immediately below ystage_1 = 0.95.  The position is i = 9 (cell P4 
in Figure 5).  Then, the INDEX function allows reading the two y-values that 
satisfy yi < ystage_1 < yi+1, and their corresponding x-values (cells Q4 to T4 in 
Figure 5).  These values will be finally used to carry out linear interpolation 
(TREND function), yielding xstage_1 = 0.786 (cell N4 in Figure 5).  The use of 
the MATCH and INDEX functions is shown in Figure 5.

Figure 4.  (a) Problem solved with the specified solvent flow rate of 1800 
kg/h; (b) Optimization process in order to achieve yRN = 0.12 with 2 stages 

(solvent flow rate of 2050 kg/h).

(a)

(b)

#6 Facilitating Step-By-Step 
Calculations (Multistage Operations)

The logic IF function can be used to decide, 
according to the optimal feed location, which 
of the two operating lines, either rectifying 
or stripping, is used to calculate the molar 
fraction of the vapor leaving a stage.  Follow-
ing the example from point #5, the rectifying 
section line (Figure 6) was used to obtain the 
composition of the vapor leaving stage 2,                            
ystage_2 = 0.847 (cell O5 in Figure 5).  The opti-
mal feed stage is based on the crossover point 
between the two operating lines (not shown 
for the sake of space-saving).  The COPY and 
PASTE function allows repeating the same 
procedure until the condition xstage_6 < xB = 
0.05 is satisfied, i.e. the liquid molar fraction 
leaving a plate (plate 6) is below the bottom 
product composition, xB.  The xstage_6 value is in 
cell N20, x = 0.024, in Figure 5.  The graphical 
result is shown in Figure 6.  For the sake of 
clarity, the rectifying section, VLE curve, and 
stripping section have been represented with 
solid, dotted and dashed lines, respectively. 
Stage 3 is the optimal feed location. 

#7 Avoiding Inaccuracy Derived from 
Inadequate Fitting

Simple batch distillation requires the use of 
the so-called Rayleigh equation, Eq. 2

where L0 and Lf are the initial and final liquid 
charge in the still pot in moles, respectively; 
x0 and xf are their corresponding molar frac-
tions; and y and x are the vapor and liquid 
molar fractions, respectively.  Most often, the 
VLE data are provided in the form of a table, 
thereby requiring numerical integration.  In the 
authors’ experience students are quite reluctant 
to use numerical methods.  If the students are 
left to solve the problem without any guid-
ance, they usually opt for finding the best fit 
parameters of a high degree polynomial func-
tion.  Moreover, they usually fit the whole data 
set provided, even if the solution lies within a 
narrow subinterval (Figure 7a).  The students 
are not aware whether the obtained curve, in 
actuality, fits the data set or not.  Thus, lack 
of accuracy often arises as a consequence of a 
poor fitting (dashed line in Figure 7a).
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Excel enables an easy applica-
tion of numerical integration, e.g. 
the simplest method, trapezoidal 
rule.  Only data within the x-value 
interval from 0.100 to 0.420 were 
used in Figure 7.  The TREND 
function can be used, if required, 
in order to find interpolated values 
corresponding to the starting and 
ending concentrations, x0 = 0.4 
and xf = 0.191, respectively.  Each 
trapezoid area is calculated in a 
separate cell so that the integral is 
computed using the SUM function 
within the entire interval of inter-
est, thus providing accurate results 
(Figure 7b).

#8 Engaging Students, 
Especially During Distance 
Learning Activities

The use of Excel was, in gen-
eral, well received by the students 
as a way to stay connected to the 
course during the forced virtual learning period.  
Excel’s built-in functions are powerful enough 
to assist in the study of this matter in any pos-
sible distance learning scenario, or even in 
face-to-face courses when other software may 
be unavailable.[8,9]

To this point in the curriculum, the students 
had never approached a subject within which 
the entire collection of problems was solved 
with Excel built-in functions.  Studying the 
contents was more appealing.  Thus, the meth-
odology attracted their interest in such a way 
that it improved their academic performance.  In 
2018-2019, using the traditional method, only 6 
out of 11 students (54.5 %) passed the exam (5 
or more points out of 10).  In 2019-2020, with 
the use of Excel, 17 out of 20 students (85 %) 
passed the exam.  Moreover, in 2018-2019, no 
one earned grades equal to or higher than 9 points 
out of 10, while in 2019-2020, 35 % of students 
performed at such a high level.  From the authors’ 
standpoint, the course objectives were achieved.  
As the students progressed through the course, 
they improved their competencies in the use of 
spreadsheets in engineering calculations.  We 
think they are now better equipped to face other 
subjects that may also require calculations and 
graphical representations.

Figure 5.  Specific use of the MATCH, INDEX and IF Excel functions applied to a frac-
tional distillation McCabe problem.

Figure 6.  Example of graphical result corresponding to a typical fractional 
distillation McCabe problem.
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Figure 7.  (a) Application of best fit curve (red dashed line) for the analyti-
cal integration of the Rayleigh equation.  The blue solid line represents the 
linear interpolation between two consecutive data; (b) Numerical integration 

(trapezoidal rule) used in a batch distillation problem.

(a)

(b)

Upon finalization of the activity, the students had to complete a survey 
that aimed to gauge their level of satisfaction with the integration of Excel 
into their learning process.  They were asked to rate different items on a 
scale of 1 (totally disagree) to 5 (totally agree).  It is worth noting that 19 
out of 20 students assigned 4 or 5 points to the item “The approach is im-
portant with a view to my professional career,” while 18 out of 20 students 
assigned 4 or 5 points to the item “The software used can be applied to other 
subjects.”  Also, 14 out of 20 students admitted that “Solving the problems 
with software is more fun.”  Much more interestingly, a blank space was 
provided for extra comments.  We provide some below:

•	 I think it is difficult to gain knowledge over distance.
•	 Microsoft Excel is very complete and adequate for solving these type 

of exercises.
•	 I am happy to learn other strategies to solve the problems rather 

than by hand.

•	 Using Microsoft Excel in this course has 
[caught] my interest in the subject.

•	 This experience has meant an advance 
for education.  It should be integrated 
into the whole study program.

•	 It was difficult to apply the software (MS 
Excel) due to the virtual classes

•	 It enabled more accurate results and 
nicer plots. 

•	 There are more powerful software pack-
ages than Microsoft Excel; however, until 
now I did not know that it was possible 
to perform complex calculations with a 
spreadsheet, and analyze the effect of 
variables.

•	 It was possible to automate the solving 	
process. 

•	 Good choice in times of COVID19.
•	 I want more courses like this, even if they 

are outside the curriculum.

CONCLUSIONS

As a result of this approach, the students now 
realize that it is possible to use Excel built-in 
functions to solve unit operations problems in 
an easy and elegant way.  If conveniently com-
bined, these functions allow accurate graphical 
representation and calculations to be carried 
out, even without introducing VBA macros.  
Our designs were sustained by simple math-
ematical operations like linear interpolation 
and intersection between straight lines given by 
slope and intercept.  Moreover, Excel avoided 
some frequent mistakes associated with these 
simple calculations.  The students’ motivation 
and academic performance were higher as com-
pared to the use of traditional hand calculations.  
Manipulating data was very simple thanks to 
the use of “cells.”  Moreover, everyone had at 
least some previous knowledge of the software 
such that it was easier to deliver instructions.  
Excel enabled preliminary insights into the 
optimization process of the number of equilib-
rium stages in multistage separation problems.  
With scope for improvement, the authors feel 
confident about the validity of the proposed 
methodological approach and will continue to 
use it and improve it in the coming year.  They 
also plan to extend the experience to similar 
Master’s subjects.
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