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Abstract 

Divided-wall column (DWC) is an intensified separation process and so far developing a 

simple procedure for designing these units has been challenging. In this work, the concept of 

molecular tracking has been integrated with conventional methods to build a simple and easy-

to-use methodology for designing DWCs for multicomponent separations. Application of the 

proposed approach is highlighted through several three- and four-component mixtures. The 

configuration obtained using molecular tracking gives a design with lower energy demands for 

the column reboiler, compared to other design methodology, which directly impacts the OPEX 

of the system. 
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• Introduction  

Currently, both industrial and academic research efforts aim to develop process design 

methodologies for reducing the energy usage, waste and impact of chemical processes on the 

environment. Distillation is considered the most important and mature separation technology 

in the chemical process industry despite its massive energy requirement and low 

thermodynamic efficiency. Distillation is used at such a large scale worldwide that it accounts 

for up to 50% of both capital and operating costs in industrial processes1. Given that the 

chemical industry consumed 19% of Europe's total energy consumption in 20091, distillation 

is a major driver of overall energy consumption. Process intensification (PI) is a concept, which 

refers to the design innovations that lead to significant reductions in size and boosting of the 

efficiency of a process plants towards more sustainable production2,3. Process intensification 

involves an innovative design of multifunctional equipment that reduces the number of 

equipment units and improves energy efficiency4,5. A divided wall column (DWC) is an 

example of process intensification, among other well-known examples such reactive 

distillation6,7, in which efficient design reduces the number of units. This is possible because a 

DWC incorporates two columns in the same shell, employing a dividing or partitioning wall 

that separates the feed side from the side product draw-off section (see Figure 1). Therefore, 

the entropy of mixing on the feed plate can be reduced and the energy requirement minimized 

accordingly8–12.  

 

Figure 1 - Component flows in (a) a common column arrangement in direct sequence, and (b) a dividing wall 

column (DWC)1 

Divided wall column application is quite versatile and it is difficult to develop a standard 

procedure for designing these units. Some design methods have been reported for DWCs. In 

general, the methods for the design of DWC are classified into five categories including 1) 
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DWC performance calculation, 2) approximate design methods, 3) detailed simulation of 3-

product DWC, 4) detailed simulation of 4-product DWC, and 5) optimization methods. 

Amminudin et al. 200113 proposed a new approach to the design of fully thermally coupled 

columns. The procedure uses the equilibrium stage composition concept13. The developed 

method, provides an initial design that is very close to rigorous simulation results. In contrast 

to conventional shortcut design procedures, such as that of Fenske-Underwood-Gilliland-

Kirkbride (FUGK), the equilibrium stage composition concept starts from the given products 

and works backwards to establish the design parameters13. However, their approach is 

computationally more demanding than the former one. Halvorsen and Skogestad 200314 

proposed the Vmin diagram method to determine the minimum energy consumption and to 

provide a detailed design basis. The Vmin diagram is drawn based on Underwood equations15 

for the ideal case with constant relative volatility, constant molar flowrates, and infinite stages. 

Sotudeh and Shahraki 200716 proposed a short-cut method where a divided wall column has 

been modelled as a Petlyuk column with no heat transfer across the column wall. The Fenske 

equation15 and the Gilliland correlations, which have been commonly used by previous 

investigators to design DWCs, have not been applied. The method is based on the Underwood 

equations. The number of stages in the pre-fractionator is equal to the number of stages in the 

side section. 

Ramirez-Corona et al. 201017 provided an optimization approach for a Petlyuk arrangement 

and divided-wall column. On the basis of the FUGK short-cut method, the system is solved as 

a nonlinear programming problem. 

A procedure has been developed for the design of DWC using Aspen HYSYS, where the 

divided wall column is represented with a three-column model (decomposition method). The 

following table (see Table 1) provides a comparison among the methods that are currently used 

for the design of DWC and the method proposed in this study.  
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Table 1 -  A comparison among current methods of divided wall columns design method 

 

This study proposes a rapid and simple design methodology for separation of multicomponent 

mixtures using divided wall columns in order to minimize or nearly-minimize the operating 

cost of the system and the time necessary for the design procedure. Nazemzadeh et al. 202118  

proposed a design methodology for side draw columns based on molecular tracking. It is a 

simple approach to locate a side-draw tray for middle boiling component(s) of ternary and 

multicomponent mixtures. 

This method calculates the probability of one molecule to move to an upper tray in the vapor 

phase or a lower tray in the liquid phase. The intermediate component moves alternately up 

and down on some stages and it has a higher residence time somewhere between the top and 

bottom of the column18,19.  

Moving in turn up and down on a tray indicates that the molecule has the same chance of 

moving in both directions. Accordingly, the probability of upward/downward movement of the 

side-draw position roughly equals to 50%. If molecules have almost the same propensity to go 

into the vapor phase or liquid phase, then the separation is not successful in that stage. 

Therefore, the latter is the optimal location of side-draw to remove the middle product.  

In this work, the effectiveness of molecular tracking is studied applied to a complex structure 

such as divided wall columns for the distillation of mixtures with a high concentration of the 

intermediate boiling component. 

• Design Methodology 

Here, a design methodology is proposed for divided wall distillation columns using 

conventional design methods and molecular tracking concept. The framework is divided into 

five main algorithms, as shown in Figure 3. Each algorithm comprises a number of tasks to 

obtain the final design configuration of the distillation unit with minimum duty required for the 
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reboiler. This method is most useful for distillations, in which reboiler is the major cost driver, 

while for cryogenic distillation columns, one must analyze the method reliability on 

minimizing the condenser duty. The divided wall distillation unit is divided into three sections 

as shown in Figure 2. Section I corresponds to the pre-fractionator. Sections II and III are part 

of the main column, divided by the point at which the side products are withdrawn. The DWC 

system is modeled through conventional columns, so the short-cut method based on 

Underwood, Fenske, and Gilliland's equations can be applied to obtain the initial design 

(Algorithm 1)17. The short-cut design is employed to develop an equilibrium-staged simulation 

using a process simulator (Algorithm 2). The equilibrium-staged simulation of the three-

column configuration is then used to simulate the DWC without the side-draw(s) (Algorithm 

3) and then side-draw(s) are located by using the molecular tracking concept (Algorithm 4). 

The final step (Algorithm 5) is to optimize the required reboiler duty by manipulating the 

interconnecting streams.  

 

Figure 2 - Representation of the design method for DWC17 

Figure 3 represents the overview of the developed framework in this study. 

 

Figure 3 -  Overview of the proposed framework for the design of divided wall columns 

Results of the proposed framework for the design of divided wall column for each case study 

are in the Appendix. 

−  Short-cut simulation of the three-column model 

The short-cut column model in Figure 4 is used only to determine the initial design parameters 

of DWC20,21, such as the number of stages for each column, feed stages, product flowrates, 

internal liquid and vapor streams.  
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Figure 4 - Three column model for short-cut calculations 

Algorithm 1: Preliminary Design 

Objective: Determine the initial design parameters of DWC. 

Step 1. Define the feed and add column T-100 (Figure 4) corresponding to the pre-

fractionator of the final divided wall column and the column T-101 along with T-102 

corresponding to the main column of the DWC. 

Step 2. The top product in T-100 must be in the vapor phase to be compatible with the 

thermally coupled material streams of the main column. Concerning short-cut columns T-

101 and T-102, the products must be in the liquid phase to be product streams. 

Step 3. Simulate column T-100 assuming by the purity specifications of the light key 

component in the bottom and the heavy key component in the distillate. 

Note: In case there is no purity specifications, simulate the column with an initial guess of 

the purities. This initial guess will be assessed by evaluating the final required specifications 

of the products. 

Step 4. Provide condenser and reboiler pressure and reflux ratio in each short-cut column to 

run the unit. The actual reflux ratio should be calculated according to the minimum reflux 

ratio 

Note: The ratio between actual reflux ratio and the minimum reflux ratio is most often 

suggested to lie in the range of 1.1-1.5.    

Step 5. Design column T-101 to match the required purity. In column T-101 the more 

volatile component is the light key and the component of intermediate volatility is the heavy 

key. The least volatile component is not present in D2. 

Note: Assumption can be made on the purity of components in this step but it must be 

evaluated at the end of the design to meet the required product specifications 
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Step 6. Simulate column T-102 according to the required purity. In column T-102 the middle 

boiling component is the light key and the high boiling point component is the heavy key. 

Low boiling component is not present in W3. 

Note: Assumption can be made on the purity of components in this step but it must be 

evaluated at the end of the design to meet the required product specifications 

 

 

After short-cut design is accomplished, equilibrium-staged simulation of the three-column 

model is carried out employing the design just established. 

 It is essential to mention that the next step (section Equilibrium stage simulation) is not always 

necessary because the short-cut simulation provides all the parameters needed to simulate the 

divided wall column. However, the three-column model's equilibrium-staged simulation offers 

more accurate and reliable parameters that easily converge the divided wall column.  

− Equilibrium-staged simulation of the three-column model  

In this section, the initial design parameters obtained from the short-cut design method in the 

previous section are validated through an equilibrium-staged simulation of the three-column 

model, as shown in Figure 5. 

 

Figure 5 – Equilibrium-staged simulation of the three-column model 

Algorithm 2: Equilibrium-staged simulation 

Objective: Validation of initial design parameters 

Step 1. Define the feed and add column R-100 corresponding to the pre-fractionator of the 

final divided wall column and the column R-101 along with R-102 corresponding to the main 

column of the DWC. 
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Step 2. Define these columns by specifying the number of stages, feed plate location and 

connecting necessary streams. Algorithm 1 will provide the initial parameters. 

Step 3. The number of stages in R-100 is assumed to be equal to the sum of the number of 

stages below the feed stage in T-101 and the number of stages above the feed stage in T-102 

from Algorithm 1. 

Step 4. Simulate column R-100 providing the values of light and heavy key component 

recovery in distillate and bottom product (2 DoF). If the values of the recovery ratio are not 

known, provide two different specifications from Algorithm 1.  

Step 5. Simulate columns R-101 and R-102 providing the light component products purity 

in the top and heavy component products purity in bottom streams. 

 
 

−  Molecular Tracking applied to three-product DWC 

In this step, a two column configuration is simulated with equal design parameters to the con-

figuration shown in Figure 5. It must be noted that the column is simulated without the side-

draw on the main column (Figure 6). Hence the two configurations in Figure 5 and Figure 6 do 

not present a thermally equivalent distillation unit. However, by applying molecular tracking 

on the configuration in Figure 6, these two become thermally equivalent.   

 

Figure 6 – Equilibrium-staged simulation of the DWC before molecular tracking application 

Algorithm 3: Simulation of DWC 

Objective: Simulate the equivalent structure of the DWC 

Step 1. Select and add the absorber column PRE-100 in the flowsheet, which is equivalent 

to the pre-fractionator.  
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Step 2. Add distillation unit for MAIN-101 (see Figure 6) and the material streams Feed, 

Vout-100, Lout-100, Vout-101 and Lout-101 for column PRE-100, and Vin-101, Lin-101, 

D and W for column MAIN-101. 

Step 3. Add recycle blocks to the flowsheet: RCY-1 for Vout-100 and RCY- 2 for Lout-100. 

Vout-100 and Vin-101 must be linked as inlet and outlet to RCY-1, respectively. Similarly, 

Lout-100 and Lin-101 must be linked as inlet and outlet to RCY-2, respectively. 

Note: The recycle block is added to prevent convergence problems regarding Lout-101 and 

Vout-101. 

Step 4. Define streams Vin-101 and Lin-101. Stream D1 (algorithm 2) is equal to the 

difference between Vin-101 and Lout-101. Similarly, W1 in Algorithm 2 is equal to the 

difference between Lin-101 and Vout-101. 

Note: The comparison must be made after applying molecular tracking in Algorithm 4. 

Step 5. Provide the number of stages for the main column MAIN-101 equal to the sum of 

the stages of R-101 and R-102 plus two. The feed stage of D1 and W1 (from algorithm 2) is 

taken respectively as the feed stage for Vin-101 and Lin-101 in the equilibrium-staged DWC 

simulation. 

Step 6. Provide the stage location for Lout-101 and Vout-101. The stage number for Lout-

101 is the same as Vin-101 entry stage. Similarly, Vout-101 has the same stage number as 

Lin-101.  

Step 7. Provide the product purity in each stream: light component purity in D and heavy 

component purity in W, as two specifications. The flow rate of Lout-101 and Vout-101 shall 

be added as the remaining two specifications. Rectifying liquid and stripping vapor streams 

of R-100 respectively correspond to the recycled liquid and vapor streams to column PRE-

100 (Lout-101and Vout-101 in Figure 6). 
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Step 8. Activate the simulation calculations and converge MAIN-101. If the simulation does 

not converge, try a different algorithm, or increase the number of iterations. 

Note: If the simulation does not converge with the suggested options, return to step 7 and 

gradually lower the required purity in D and W. These streams must be adjusted as such to 

maintain the required recovery rate of the main products. 

Step 9. Column PRE-100 does not need specification (0 DoF). This column is equal to R-

100 (algorithm 2). Insert number of stages, feed locations and pressure profile. 

Step 10. Activate the simulation calculations and converge the system. 

 
 

Now, molecular tracking is applied to locate the side-draw for the middle boiling component 

at a tray in which molecules are accumulated in the system, given the previous algorithm's 

design configuration. The idea is to consider the non-key component in the mixture flowing 

through the column. The side stream to remove this component from the system should be 

located based on the following algorithm18.  

Algorithm 4: Molecular Tracking 

Objective: Locate the side-draw for the middle boiling 

Step 1. Take the values of internal liquid and vapor streams and compositions of the middle 

boiling component for each tray from the simulation of the DWC (algorithm 3).  

Step 2. Calculate K-value for this component based on equation (1): 

𝐾𝐾 = 𝑦𝑦
𝑥𝑥
            (1) 

Step 3. Calculate the probability profile for the middle component based on the equation (2): 

𝛽𝛽 = 𝐾𝐾𝐾𝐾
𝐾𝐾𝐾𝐾+𝐿𝐿

           (2) 

Step 4. Find the trays where the probability value calculated in Step 3. is 50%.  
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Step 5. If only one tray is found in Step 4, the side-draw must be located on that tray. Provide 

the product purity for stream S in the simulation of DWC and converge the system as shown 

in Figure 7. 

Step 6. If more than one tray is found in Step 4, locate the side-draws found in Step 4 in the 

simulation of DWC and choose the one that proposes the minimum reboiler duty.  

 

 

Figure 7 – Equilibrium-staged simulation of the DWC after molecular tracking application 

− Optimal Values of Interconnecting Streams  

The DWC structure designed is not the optimal one. Reboiler duty has a strong dependence on 

the interconnecting streams. Operating cost is a significant part of the total annual cost (TAC) 

and minimizing reboiler duty minimizes them, bringing closer to the optimal design of 

columns.  The main parameters that affect reboiler duty are the side draw location of the middle 

boiling component and the vapor and liquid split to both sides of the wall (flowrate of Vout-

101 and Lout-101 in Figure 7). Since the application of molecular tracking allows finding the 

optimal location of side draw, the optimal value of interlinking streams Vout-101 and Lout-

101 must be found. In order to do it, Case Studies Toolbox of Aspen HYSYS is used. It is a 

tool that lets one record and explore the effects of varying parameters in the flowsheet. The 

purity of the products is not perturbed during the process. During and after the process it is 

possible to see the results in a graphical or tabular format. The value of the minimum energy 

corresponds to the optimal values of the interconnecting streams. 

Algorithm 5: Interconnecting streams 

Objective: Find values of the interconnecting streams that corresponds to minimum energy 

consumption 
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Step 1. Open case studies tool from the Navigation Pane of Aspen HYSYS and select Add.  

Step 2. Click Find Variables in the Independent Variables section to add the process variable. 

In the column Flowsheet of the Variable Navigator, select Case (Main) and then the main 

column MAIN-101 in the Objects column. Select Spec Value in the column Variables and 

then select Lout-101 Rate in the same column: click Add and then select Vout-101 Rate and 

click Add again.  

Step 3.  Select Find Variables in the Dependent Variables. In the column Flowsheet of the 

Variable Navigator, select Case (Main) and then or in the Objects column. Select Power in 

the column Variables.  

Step 4.  Click Case Study Setup: provide values of Start, End, Step Size for Independent 

variables to start the analysis. The calculation requires a few minutes depending on Number 

of States.  

Step 5.  Select the values of the interconnecting streams that corresponds to minimum energy 

consumption in the results table. 

 

− Molecular Tracking applied to four-Product Dividing Wall  (Kaibel) Dis-

tillation Column  

 

Figure 8 – Four-Product Dividing-Wall (Kaibel) Distillation Column 

The stepwise design procedure proposed in Figure 3 can be applied for the four-product 

dividing wall (Kaibel) distillation column (Figure 8). The only difference concerns Algorithm 

4. That is, molecular tracking  is applied two times to find the two side-draws optimal location. 
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• Application Examples and Results  

The methodology developed in Section “Design Methodology” is applied to six case studies. 

The first three cases concern the separation of ternary hydrocarbon mixtures. In these 

applications, the mixture deviation from ideal thermodynamic behavior is small. Therefore, the 

fourth one is a non-ideal ternary mixture of methanol, ethanol and water. In the last two case 

studies, a divided wall (Kaibel) column is designed for four-product mixtures: alcohol 

(methanol, ethanol, 1-propanol, 1-butanol) and BTX (benzene, toluene, m-xylene, 135-

trimethylbenzene). The resulting configurations of the procedure developed in this work are 

compared with the corresponding configurations from optimization-based methods from 

literature. The comparison is based on the total annualized cost (TAC) calculated using the 

sizing and costing evaluation tool of Aspen. However, for the OPEX of the DWC, only the 

total cost of the utilities is considered. The CAPEX is equally split between 10 years of 

operation.  

−  Case Study 1: n-pentane, n-hexane, n-heptane  

This case study is taken from Ramirez-Corona et al. 201017. Feed conditions, product 

specifications and the other operational conditions considered in this work are summarized in 

Table 2. The design pressure is chosen so that one could ensure the use of cooling water in the 

condenser. In this case study, Peng-Robinson has been selected as a suitable equation of state 

because the molecules are similar, so this model can represent the properties of this mixture. 

The results provided in the paper17 in tables 4, 5, 6, 7, 8, 9 refers to the solution obtained from 

the optimization task before the validation. In order to compare the configuration provided 

from this work and that of the paper, the results of Ramirez-Corona et al. 201017 are validated 

in this study through an equilibrium-staged simulation with Aspen HYSYS. However, some 

adjustments to fulfill the specifications are required. The model employed for the validation is 
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the four-column model shown in Figure 9 using the Chao-Seader property method. The 

comparison is shown in Table 3. 

Table 2 – Data for hydrocarbons mixture 1 

 

Figure 9 - DWC configuration obtained through validation of results of the paper for case study 1 

In this application, molecular tracking provides a range of trays in which the separation is 

difficult (the probability is close to 50%) and in which the side stream to remove this 

component from the system should be located, as shown in Figure 10. According to algorithm 

4, the optimal solution will be the one that accounts for the minimum reboiler duty as the side-

draw tray, that is, tray 23. 

 

Figure 10 - Probability profile of n-hexane in the distillation task 

 

Figure 11 - Reboiler Duty vs Side-draw location 

Figure 11 shows that the location of the side draw has a strong influence on the reboiler. So, a 

non-optimal choice can lead to much higher consumption or even the impossibility of the 

system to converge. It is possible to see that the behavior of the curve in Figure 11 is in 

agreement with the probability trend in Figure 10 of the molecular tracking. In fact, in the trays 

in which the probability is close to 50%, the minimum values of reboiler duty are recorded. 

Concerning trays 9 and 33, in which the probability equals 50%, it must be considered that in 

those trays there are the withdrawals for the recycles to the pre-fractionator which therefore 

determine variations in the flow rates. So, the values measured in those points are not taken 

into consideration. 

Case studies tool of Aspen HYSYS is used to find the optimal values of interconnecting 

streams. In this case, the power of the reboiler ranges from 940.2 kW to 898.6 kW and the 
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values of flowrates of Vout-101 and Lout-101 vary from 72.17 kmol/h and 28.51 kmol/h to 

84.50 and 33.50 kmol/h, respectively. It is possible to see how interconnecting streams affect 

reboiler duty in Figure 12. Detailed results of the procedure for all case studies can be found in 

the supplementary material. 

 

Figure 12 – Correlation between Reboiler duty and a) liquid interconnecting stream and b) vapor  

In this case study, the direct conventional column sequence (Figure 13) is designed for 

highlighting the energy savings provided by divided wall columns. The results are shown in 

Table 3. 

 

Figure 13 - Conventional column sequence for case study 1 

From the comparison results, the configuration proposed by this study is only 8% higher than 

the configuration of the paper obtained through optimization17. The Investment cost of the 

DWC proposed by molecular tracking and the mathematical optimization are calculated by 

considering a single column with a divided wall. 

Table 3 – Comparison for case study 1 

 

− Case Study 2: n-butane, i-pentane, n-pentane  

Again, this case study has been taken from Ramirez-Corona et al.17. Feed conditions, product 

specifications and the other operative conditions considered in this work are summarized in 

Table 4. Since the energy savings provided by divided wall columns with respect to sequences 

based on conventional columns have been well established in the literature21–24, from hereafter, 

the study will concentrate on the results of the proposed methodology without an additional 

analysis on the performance of the conventional distillation sequences. 

Table 4 – Data for case study 2  
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 The result of molecular tracking obtained during the design operation is shown in Figure 14.  

 
Figure 14 - Probability profile of i-pentane in the distillation task 

Comparison in Table 5 illustrates that the configuration proposed by this method suggests a 

DWC that is approximately 20% more expensive than the optimum solution proposed by 

Ramirez-Corona et al. 201017. 

Table 5 – Results and comparison for case study 2 

 

−  Case Study 3: i-pentane, n-pentane, n-hexane 

Again, this case study has been taken from Ramirez-Corona et al. 201017 Feed conditions, 

product specifications and the other operative conditions considered in this work are 

summarized in Table 6. The detailed results are provided in Table 7. The result of the molecular 

tracking procedure obtained during the design operation is shown in Figure 15. The probability 

value starts to increase after stage 40 until it reaches 50% at stage 72, which corresponds to 

minimum reboiler duty. 

Table 6 – Data for hydrocarbons mixture 3 

 

Figure 15 - Probability profile of n-pentane in the distillation task 

 

Table 7 – Results and comparison for case study 3 

 

Concerning the comparison of case study 3, same considerations of case study 1 can be made: 

the configuration proposed by this study is approximately 10% more expensive than the 

configuration of the paper obtained through optimization17.  

−  Case Study 4: methanol, ethanol, water 

Water and ethanol form an azeotropic mixture and the separation process is complicated. An 

application of a divided wall column for the separation of methanol, ethanol and water is 
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provided in this study. Operating conditions, product specifications and the other parameters 

considered in this work are illustrated in Table 8. The detailed results are provided in Table 9. 

Table 8 - Data for non-ideal mixture 

 

The result of molecular tracking procedure obtained during the design operation is shown in 

Figure 16. The separation of ethanol is difficult and this is emphasized by the values of 

probability nearly equal to 50% in most of the stages. The probability value is equal to 50% at 

stage 37, which corresponds to minimum reboiler duty. 

 

Figure 16 - Probability profile of ethanol in the distillation task 

Table 9 – Results for case study 4 

 

−  Case Study 5: methanol, ethanol, 1-propanol, 1-butanol 

This case study is taken from Abid et al. 201823. They use the short-cut method FUG for the 

preliminary design, followed by a simulation of the DWC and the optimization to minimize 

the energy consumption. Product specifications and the other operating conditions considered 

in this work are summarized in Table 10. Tray pressure drops of 0.0068 have been considered. 

The Wilson equation has been used as activity coefficient model for this mixture. The column 

configuration is illustrated in Figure 17. 

Table 10 - Data for alcohols mixture 

 

Figure 17 – Simulation of the four-product divided wall (Kaibel) distillation column 

Probability profiles of ethanol and 1-propanol in the distillation task obtained during the 

design operation are shown in Figure 18 and Figure 19. 

 

Figure 18 - Probability profile of ethanol in the distillation task 
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Figure 19 - Probability profile of 1-propanol in the distillation task 

Concerning economic evaluation, data are not available for this case study. Therefore, the 

comparison is possible only in terms of energy savings (see Table 11). 

Table 11 – Results and comparison for case study 5 

 

• Sensitivity Analysis 

In this study, the design parameters of divided wall columns are determined by the 

methodology proposed. Then, for evaluating its robustness, the effects of the structural 

parameters of the DWC, such as the vertical location and height of the dividing wall, are 

analyzed along with molecular tracking results. Besides, the variations of the energy 

consumption of DWCs when structural parameters change is provided. The analysis is 

performed on case study 1. 

Firstly, the vertical location of the dividing wall is moved five trays down towards the bottom 

of the column and 5 trays up towards the top (about 10 % of the total number of trays) while 

the height remains the same. The results of molecular tracking are illustrated in Figure 20. 

Moving the wall five trays downwards, the probability curve reaches a value close to 0.5 five 

trays before the basic model. Moving the wall five trays upwards, the probability curve reaches 

a value close to 0.5 after five trays compared to the basic model. Reboiler duty (Figure 22) 

ranges of 26.9% and 1230 kW and 10.4% moving downwards and upwards, respectively.  

Secondly, the dividing wall height is increased and decreased by six stages (equally distributed 

towards the top and bottom). The results of molecular tracking are illustrated in Figure 21. 

Reducing the wall by six trays, the probability curve stays close to 0.5 for a lower number of 

trays than the basic model. Again, increasing the wall by six trays, the probability curve remains 
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close to 0.5 for a higher number of trays than the basic model. Reboiler duty ranges of 1.7% 

and 9.42% by increasing or decreasing the dividing wall height, respectively. 

 

Figure 20 - Probability profiles of n-hexane obtained by moving the vertical position of the dividing wall five 

trays up and down 

 

Figure 21 - Probability profiles of n-hexane obtained by increasing or decreasing the height of the dividing 

wall of six trays 

 

Figure 22 - Effects of the vertical position and the height of the dividing wall on the reboiler duty 

The procedure developed for divided wall column design gives structural parameters 

corresponding to the minimum energy demand for the system. 

• Conclusion 

This study aimed to develop a quick methodology to design different configurations of divided 

wall distillation columns. Although trial and error methodologies and mathematical procedures 

of formulation and optimization are employed to design DWC optimally, these methods are in 

some cases time-consuming due to the complexity of the problems. The methodology proposed 

in this work employs the concept of molecular tracking combined with a conventional design 

approach Fenske-Underwood-Gilliland-Kirkbride equations. The most probable side-draw 

locations are indicated using molecular tracking. Moreover, its application to several case 

studies has provided optimal/near-optimal configurations compared with the corresponding 

configurations from optimization-based methods. The design parameters obtained can also be 

applied to optimization methods as initial configuration to reduce the time to find the optimum 

solution.  
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The results achieved hereby agree with those obtained by Nazemzadeh et al. 202118. In their 

work, molecular tracking has been applied to mixtures with an infinite dilution of the 

intermediate boiling component and a more straightforward system, such as the side-draw 

column. In that case, molecular tracking was able to propose the side-draw exactly. Instead, in 

divided wall columns, owing to a more complex structure, the presence of intermediate 

withdrawals for recycles and of a middle component with high concentration, in some cases, 

molecular tracking identifies the region in which the side-draw could be located rather than the 

exact one. However, this is a significant result since the incorrect positioning of the side-draw 

during the design operations of a divided wall column leads to much higher consumption or 

even the difficulty for the system to converge. Furthermore, better convergence properties was 

found in the Kaibel divided wall column, which indicates that molecular tracking can bring 

better results in case of more intermediate components. Future studies could employ molecular 

tracking to solve an integrated design and control system for side-draw distillation units. 

 

Notation 

α Relative volatility 

β Probability value 

D Distillate stream flowrate (kmol/h) 

DWC Divided wall column 

F Feed stream flowrate (kmol/h) 

K The ratio between the vapor and liquid composition of a component 

Lout Interconnecting stream (DWC): liquid stream from Main column to pre-fractionator 

column (kmol/h) 

𝐿𝐿′ Internal liquid flowrate in stripping section of the column (kmol/h) 

NF Feed tray number from top 
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NS Side-draw tray number from top 

NT Number of theoretical trays 

P Pressure (bar) 

Q Duty (𝑀𝑀W) 

q Feed vapor quality 

S Side-draw flowrate (kmol/h) 

Vout Interconnecting stream (DWC): vapor stream from Main column to pre-fractionator 

column (kmol/h) 

V Internal vapor flowrate in rectifying section of the column (kmol/h) 

𝑉𝑉′ Internal vapor flowrate in stripping section of the column (kmol/h) 

W Bottom stream flowrate (kmol/h) 

x Liquid molar composition (mol/mol) 

y Vapor molar composition (mol/mol)  

z Overall molar composition (mol/mol) 
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Table 1 -  A comparison among current methods of divided wall columns design method 

Method Works Advantages Disadvantages 

DWC performance 

calculations 

Becker et al. 20011 • Good initial guess 

for shortcut and 

detailed 

simulation 

• Low 

computational 

cost 

• Heutristic 

approach 

• Sub-optimal 

solution 

Approximate design Amminudin et al. 20012, 

Triantafyllou and Smith 

19923, Sotudeh and 

Shahraki 20074, Halvorsen 

and Skogestad 20015 

• Graphical method 

• Both for zeotropic 

and azeotropic 

systems 

• Sub-optimal 

solution 

Detailed simulation of 3-

product DWC 

Becker et al. 20011, Ling 

and Luyben 20096 

• Accurate solution • High 

computational 

cost 

• Convergence 

problems 

Detailed simulation of 4-

product DWC 

Christiansen et al. 19977 • Accurate solution • High 

computational 

cost 

• Convergence 

problems 

Optimization methods Wenzel and Röhm 20048, 

Grossmann et al. 20059 

• Optimized 

solution 

• Accurate solution 

• Optimum solution 

in a given 

superstructure 
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• High 

computational 

cost 

• Convergence 

problem 

 

Table 2 – Data for hydrocarbons mixture 1 

Mixture Components A/B/C n-pentane/n-hexane/n-heptane 
Composition (% mole) 40/20/40 

Pressure (atm) 2 
Purities XAD/XBS/XCW 0.99/0.92/0.99 
Feed flowrate (kmol/h) 100 
Feed thermal condition saturated liquid 

Recoveries of key components 98% 
 

Table 3 – Comparison for case study 1 

 DWC (molecular 
tracking) 

 DWC 
optimization 

method16 

 Conventional two column 
sequence 

Column Pre Main  Pre Main First Second 

Number of Stages 23 46  22 52 29 22 
Feed Stage(s)/ 
Interconnection 
Stages 

14 9, 33  11 9, 32 8 8 

Side Stream Stages  23   16   
Purity of n-Pentane  0.99   0.99 0.99  
Purity of n-Hexane  0.92   0.92  0.92 
Purity of n_Heptane  0,99   0,99  0.99 
Reflux Ratio  1.95   1.956 1.57 3.161 
Liquid to Pre (kmol/h)  33.5   23.03   
Vapor to Pre (kmol/h)  84.5   68.8   
Operating Pressure 
(atm) 

 2   2 2 2 

Qc (kW)  815.8   801.4 706.6 676.4 
Qr (kW)  898.6   888 775.6 690.2 
        
Total Investment Cost 
($) 

 134,130   130,679  205,721 

Total Operating Cost 
($/y) 

 29,844   26,851  48,789 

Total Annual Cost ($/y)  43,257   39,919  69,361 
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TAC Difference (%)   8%     73% 
 

 

Table 4 – Data for case study 2 

Mixture Components A/B/C n-butane/i-pentane /n-pentane 
Composition (% mole) 40/20/40 

Pressure (atm) 4.7 
Purities XAD/XBS/XCW 0.99/0.92/0.99 
Feed flowrate (kmol/h) 100 
Feed thermal condition saturated liquid 

Recoveries of key components 98% 
 

Table 5 – Results and comparison for case study 2 

 DWC (molecular 
tracking) 

 DWC 
optimization 

method16 

 

Column Pre Main  Pre Main 

Number of Stages 46 106  49 114 
Feed Stage(s)/Interconnection Stages 23 4, 51  24 6, 56 
Side Stream Stages  14   16 
Purity of n-Butane  0.99   0.99 
Purity of i-Pentane  0.92   0.92 
Purity of n-Pentane  0.99   0.99 
Reflux Ratio  9.756   8.921 
Liquid to Pre (kmol/h)  70.4   53.72 
Vapor to Pre (kmol/h)  110   96.44 
Operating Pressure (atm)  4.7   4.7 
Qc (kW)  2381   2162 
Qr (kW)  2408   2218 

      
Total Investment Cost ($)  314,892   281,130 
Total Operating Cost ($/y)  80,373   64,974 
Total Annual Cost ($/y)  111,863   93,087 
TAC Difference (%)            20%    

 

Table 6 – Data for hydrocarbons mixture 3 

Mixture Components A/B/C i-pentane /n-pentane/n-hexane 
Composition (% mole) 40/20/40 

Pressure (atm) 2 
Purities XAD/XBS/XCW 0.99/0.92/0.99 
Feed flowrate (kmol/h) 100 
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Feed thermal condition saturated liquid 
Recoveries of key components 98% 

 

 

Table 7 – Results and comparison for case study 3 

 DWC (molecular 
tracking) 

 DWC optimization 
method16 

 

Column Pre Main  Pre Main 

Number of Stages 39 86  43 98 
Feed Stage(s)/Interconnection 
Stages 

36 40, 80  22 50, 94 

Side Stream Stages  72   89 
Purity of i-Pentane  0.99   0.99 
      
Purity of n-Pentane  0.92   0.92 
Purity of n-Hexane  0.99   0.99 
Reflux Ratio  6.839   7.45 
Liquid to Pre (kmol/h)  58   42.804 
Vapor to Pre (kmol/h)  104.5   97.185 
Operating Pressure (atm)  2   2 
Qc (kW)  1984   2062 
Qr (kW)  2017   2110 

      
Total Investment Cost ($)  318,730   284,640 
Total Operating Cost ($/y)  67,301   61,561 
Total Annual Cost ($/y)  99,174   90,026 
TAC Difference (%)            10.16%    

 

Table 8 - Data for non-ideal mixture 

Mixture Components A/B/C methanol/ethanol /water 
Composition (% mole) 64/26/10 

Pressure (atm) 1 
Purities XAD/XBS/XCW 0.99/0.90/0.99 
Feed flowrate (kmol/h) 100 

 

Table 9 – Results for case study 4 

 DWC (molecular tracking) 

Column Pre Main 

Number of Stages 62 76 
Feed Stage(s)/Interconnection Stages 38 8, 71 
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Side Stream Stages  37 
Purity of Methanol  0.99 
Purity of Ethanol  0.9 
Purity of Water  0.99 
Reflux Ratio  27.5 
Liquid to Pre (kmol/h)  44.75 
Vapor to Pre (kmol/h)  115.4 
Operating Pressure (atm)  1 
Qc (kW)  2.98E+04 
Qr (kW)  2.88E+04 

   
Total Investment Cost ($)  1,251,983 
Total Operating Cost ($/y)  963,986 
Total Annual Cost ($/y)  1,089,185 

 

Table 10 - Data for alcohols mixture 

Mixture Components A/B/C/D methanol/ethanol/1-propanol/1-butanol 
Composition (% mole) 25/25/25/25 

Pressure (kPa) 112 
Purities XAD/XBS/XCs/ XDW 0.96/0.92/0.92/0.96 

Feed flowrate (kmol/h) 100 
Temperature (°C) 30 

 

Table 11 – Results and comparison for case study 5 

 DWC (molecular 
tracking) 

DWC 
Paper 

 Paper Conventional sequence 
(Direct) 

Column Pre Main Pre Main First Second Third  

Number of Stages 27 56  97     
Feed Stage(s)/ 
Interconnection Stages 

13 17, 45       

Side Stream Stages  28, 41       
Purity of Methanol  0.99  0.99 0.95    
Purity of Ethanol  0.95  0.95  0.86   
Purity of 1-Propanol  0.95  0.95   0.95  
Purity of 1-Butanol  0.99  0.99   0.96  
Reflux Ratio  6.585       
Liquid to Pre (kmol/h)  44.5       
Vapor to Pre (kmol/h)  110       
Operating Pressure (kPa)  112  112     
Qc (kW)  1871       
Qr (kW)  2165  2365   3055.2  
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Energy Difference (%)    8.46   29.14  
          
Total Investment Cost ($)  244,614       
Total Operating Cost ($/y)  71,710       
Total Annual Cost ($/y)  96,172       
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