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INTRODUCTION

We chose to simulate a real case in HYSYS in order to optimize the process, for that, we used a SRK Fluid package which is the suitable one for the case of gases such as Butane (D1), i-Pentane (D2) and n-Pentane (B2), being these the ones used in the Feed in this case.
We suppose the energy cost is relatively cheap and so, we can work at the maximum rate in each distillation column. 
After running one time the simulation we are able to calcul the volatility constant (α), the overall separation factor (S) and the minimum number of trays (Nmin)  as well as an approach to the real trays value (N = 3*Nmin) :

      [image: ]                                           [image: ]


[image: ]Table 1. Process diagram containing the two distillation columns
We are looking for the optimal conditions to operate, by reducing the boiling reflux and obtaining as much product as possible. To be more exact we want to minimize the following cost:

J = PF*F  + Pv*(V1 + V2)  - PD1*D1 -  PD2*D2  - PB2*B2                          

CASE I: Pv = 0.001

In this case we are supposing very cheap energy, so we can operate at maximum reboiling flux for both columns (V1 and V2)  , we have the constraint of XD2 = 0.95 which will always be active , so we have only 1 D.O.F left, so we chose to vary XD1 values to find out which one is the optimal one to operate in order to benefit more.
To resolve this optimization problem, we did a Case Study using UniSim tools; we introduced the formulas for J, so that we could see the evolution of J depending on the constraints.
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Prices estimated:
	PF 
	0

	 PD1
	0

	PD2
	1

	PB2 
	0

	PV
	0.001








RESULTS

After doing the simulation we obtain the following plot in 2D:
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In order to have a better look we used Log XA in B1 to plot it against cost function (J), we are able to read an optimal J when XA(B1)= 0.000007. 
We divided the plot in 3 different regions, and located region 2 as the optimal work range, while in Region I we see we see the energy starts increasing too much, and finally in region III the distillation becomes unfeasible because it interfere with the requirements for column 2.





In this following plot we show a plot within the region I and II to have a closer look:
 (
region  I
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             In this following plot we show a plot within the region II and III to have a closer look:

 (
region III
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As we can see, we get better values for J when Butane in bottom or also called impurity in B1 (XB1i) gets closer to zero. Meaning we must benefice that energy is cheap and use maximum reboiling flux so we can over purify D1 in order to obtain more valuable product, in this case D2, and so, obtain a much better J.
CASE II: Pv = 0.1

In this case we are supposing very expensive energy, so we are obligated to follow the minimum specifications for XD1, XD2. So that gives us two D.O.F. left ; in this case we are setting a fix value for XB1 and we will vary the value for XB2. 

To resolve this optimization problem, we did a Case Study using UniSim tools as in Case I; we introduced the formulas for J, so that we could see the evolution of J depending on the constraints.
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Prices estimated:
	PF 
	0

	PD1
	0

	PD2
	1

	PB2 
	0

	PV
	0.1









RESULTS

After doing the simulation we obtain the following plots in 2D:
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In this graphic we can easily identify the optimal value for XB1i to get the best value for J; this value is approximately XB1i = 0.001 which is in other words XB1 = 0.999, we obtain also the optimal values V1 = 0.682 and V2 = 3.65. All these values were obtained fixing the minimum required specifications for XD1, XD2 and XB2.
As we said at the beginning of case II, the energy is expensive, so we want to work using the less energy possible, avoid the “product giveaway” and work at ideal conditions to benefit more, which was this optimization problem’s goal.

CASE III: Pv = 0.01

In this case we are supposing energy to have an intermediate value, so we are obligated to follow the minimum specifications for XD1, XD2. 
To easy our work, we are dividing the results for each column, so we obtain:
                                                            J1 = PF*F + Pv*V1 + PD2*XDi*D1
                                                            J2 = Pv*V2 - PD2*D2 - PB2*B2

So that gives us two D.O.F. for each column; in this case we are setting fix values for XD1 and XD2 we will vary the value for XB1 and XB2.
	PF 
	0

	PD1
	0

	PD2
	1

	PB2 
	0

	PV
	0.01



1st Column

XD1 = 0.95
XB1 vary: 0.95-0.9999 (D.O.F.)

Optimizing first Column

After doing the simulation we obtain the following plots in 2D:

[image: ]
In this graphic we can easily identify the optimal value for XB1i to get the best value for J1; this value is approximately XB1i = 0.002 which is in other words XB1 = 0.998, we obtain also the optimal value V1 = 0.672. These values were obtained fixing the minimum required specifications for XD1.

2nd Column

XD2 = 0.95
XB2 vary: 0.95-0.9999 (D.O.F.)

Optimizing second Column

After doing the simulation we obtain the following plots in 2D:

[image: ]

Here we can also identify the optimal value for XB2i to get the best value for J2; this value is approximately 0.0035≤ XB2i ≤ 0.006 which is in other words 0.994 ≤ XB1 ≤ 0.9965, we obtain also the optimal value 3.97 ≤ V2 ≤ V2max=4. These values were obtained fixing the minimum required specifications for XD2.
Note: We tested changing values for XD2 = 0.95,0.96,0.97,0.98 and 0.99  and we did not get better results for J2, because we are not being paid for a better purity of XD2 , instead, a better XD2 decreases the flow value for D2 , which is our main product  and consequently decreases J value. This can be seen in the following plot:     
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OVERALL RESULTS

At the end we simulated both columns at the same time, trying to obtain optimal values, and we found that the best value for J is obtained for XD1 = 0.95 and XD2 = 0.989, which is different from what we found in the previous plot for only J2.
	1st Column
	
	2nd Column

	XD1
	0.95
	
	XD2
	0.989

	XB1
	0.002
	
	XB2
	         0.0035 - 0.006

	V1
	0.672
	
	V2
	3.97 - 4


. 
[image: ]

We have got the optimal values for working with both columns when we have an intermediate price for energy; the following table shows the results:
J vs log XA-B1 

j vs log Butane	-5.698970004336009	-5.5228787452803374	-5.3979400086720375	-5.3010299956639919	-5.2218487496163561	-5.1549019599857226	-5.0969100130080545	-5.0457574905606863	-5	-5	-4.698970004336009	-4.5228787452803374	-4.3979400086720375	-4.3010299956639919	-4.2218487496163561	-4.1549019599857226	-4.0969100130080545	-4.0457574905606863	-4	-4	-3.6989700043360192	-3.5228787452803392	-3.3979400086720402	-3.3010299956639777	-3.2218487496163601	-3.1549019599857431	-3.0969100130080527	-3.0457574905606748	-3	-3	-2.6989700043360192	-2.5228787452803392	-2.3979400086720402	-2.3010299956639777	-2.2218487496163601	-2.1549019599857431	-2.0969100130080527	-2.0457574905606748	-2	-2	-1.6989700043360223	-0.26621280827701138	-0.31800620234112897	-0.32994522856152803	-0.32995888932995215	-0.32996174910081605	-0.32996229642172697	-0.32996228661115762	-0.32996197262652532	-0.32996150698283905	-0.32996150698283905	-0.3299555922658593	-0.32994653555734993	-0.329938650433025	-0.32993159051617299	-0.3299228773253266	-0.32991561525821511	-0.32990690258408323	-0.32989962990357874	-0.32989090714329011	-0.32989090714329011	-0.32980987560091823	-0.32972860194184034	-0.32964773962105398	-0.32956668841548586	-0.32948898987450198	-0.32940708513073674	-0.32932604917850905	-0.32924379440971302	-0.32916396967780942	-0.32916371374389186	-0.32834179839079491	-0.32750486419119168	-0.32664979448250808	-0.3257750630772413	-0.32487112604057256	-0.32396875806781411	-0.32304448104263123	-0.32209906426080587	-0.32110849035856487	-0.32109147900797275	-0.30289210126852956	10
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