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ABSTRACT 
For process simulation, Python and Aspen Plus can be combined to leverage the advantages of 
both. This work utilizes the integration of Python and Aspen Plus for the design and optimization 
of a lycopene production process from tomato waste. Three production pathways are studied: 
acetone and hexane as solvents, enzymes with ethyl acetate, and supercritical CO₂ with ethanol. 
This allows for the scaling of laboratory-scale studies into industrial-scale analyses. Genetic algo-
rithms are used for optimization, enabling the determination of the optimal process design, costs, 
and operating conditions, while minimizing the total annual cost. The process with acetone and 
hexane yields a final production of 0.21 kg/h, the process with enzymes and ethyl acetate, 5.13 
kg/h, and the process with supercritical CO₂ and ethanol, 0.13 kg/h. It is shown that the process 
with ethyl acetate has a higher production and the process with supercritical CO₂ and ethanol 
results in lower production and higher costs. 
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INTRODUCTION 
Aspen Plus is a powerful tool that helps to design 

processing units or even complete chemical processes 
[1, 2, 3]. It enables rigorous designs, especially in sepa-
ration systems where thermodynamics plays a key role. 
However, the simulator has difficulties when handling 
solids that are not included in its database and when 
there is no rigorous information about the studied com-
pounds. Python is, on the other hand, a language with a 
wide variety of characteristics that made it a useful tool 
for solving and analyzing mathematical models of chem-
ical processes. It allows greater freedom in coding pro-
cesses for unknown compounds, but one of its draw-
backs is that to have a high level of rigor in its thermody-
namics and separation systems it would involve coding 
huge amounts of databases and some of them are not 
freely accessible, leading to a less rigorous modelling. 
There are studies that combine the use of Aspen Plus and 

Python for process design and optimization, but the de-
sign is typically done entirely in Aspen Plus and the opti-
mization in Python, so they do not use a combination of 
both tools for design [4, 5]. 

This work proposes a combination of Aspen Plus 
and Python, seeking to leverage the advantages offered 
by each tool to design and optimize various lycopene pro-
duction processes from tomato waste. The decision to 
work with tomato waste was made due to the high pro-
duction in Mexico and Spain, with reports indicating that 
around 30% of crops end up as waste [6]. Tomatoes have 
a high content of lycopene, a biopigment used primarily 
in the food, pharmaceutical, and cosmetics industries [7]. 
Additionally, an increase in demand for naturally sourced 
lycopene has been reported, with the food and beverage 
sector expected to account for 45.6% of the total by 2023 
[8]. Some works that have addressed the extraction of 
lycopene from tomato have used various techniques from 
traditional solvents to techniques with unconventional 
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solvents [9, 10, 11]. This article compares three lycopene 
extraction processes based on experimental studies from 
literature. These processes are scaled to an industrial 
level to determine the economic viability of these pro-
cesses. 

METHODOLOGY 

Case studies 
The first lycopene extraction process uses a mixture 

of acetone and hexane as solvents. This case is based on 
the work of Poojary et al. [11], which presents a labora-
tory-scale study on which the industrial-scale process 
design is based. This process consists of passing the to-
mato waste through a dryer, in which the moisture is re-
duced to 90%, then it passes to a mill in which a particle 
size of 78 mm is reached, which allows the biomass to 
meet with its most exposed surfaces. The process then 
moves to the extraction stage, where a liquid-solid ex-
traction takes place between the biomass and an ace-
tone-hexane mixture. The solvents extract the lycopene, 
separating it from the solid biomass. Following this stage, 
there is one outlet containing the remaining solid residue 
and another outlet containing a solvent mixture with the 
lycopene. This liquid mixture is then transferred to a flash 
tank, which allows for the simple separation of most of 
the solvents. Subsequently, the mixture is transferred to 
a distillation column where a lycopene purity of 95% is 
achieved. 

The second extraction process uses enzymes and 
ethyl acetate and is considered a more environmentally 
friendly extraction method for end consumers. This pro-
cess was based on experimental work by Catalkaya et al. 
[9], and with the help of this work, the process could be 
defined on an industrial scale. This process involves first 
passing the waste through a dryer and then through a mill 
with the same characteristics as the previous process. 
Subsequently, the waste is transferred to an enzymatic 
reactor, where it is mixed with a solution of water and a 
mixture of enzymes, specifically Celluclast (cellulolytic 
enzyme) and Pectinex (pectinolytic enzyme). This allows 
an enzymatic reaction to take place, breaking down the 
fibers of the biomass present and thus better preparing 
the raw material for extraction. The mixture then passes 
through a filtration centrifuge, from which the liquid frac-
tion, including water and enzymes, is removed. The solid 
residue goes to the extraction stage, where it is mixed 
with ethyl acetate as a solvent, allowing the lycopene to 
be extracted. The extraction process has two outlets: the 
first carries the solid residue, and the second carries the 
lycopene-ethyl acetate mixture. Subsequently, the liquid 
mixture is transferred to two flash evaporation tanks. The 
first tank removes most of the solvent, while the second 
achieves a lycopene purity of 95%. 

The third extraction process opts for a novel 

alternative that includes the use of supercritical CO₂ with 
ethanol. This process is based on the experimental work 
of Huang et al. [10]. They did help us an industrial-scale 
process that could be defined. In this process, tomato 
waste undergoes a pretreatment of drying and grinding, 
followed by a saponification reactor where it is mixed 
with 0.5 M NaOH. Subsequently, the solution passes to a 
second reactor where it is mixed with a 1.0 M H₂SO₄ so-
lution, resulting in a neutralization reaction. These two re-
action stages allow the biomass to break down its ligno-
cellulosic structure in a manner like that used with en-
zymes in the previous section. Once neutralization is 
achieved, the liquid phase is removed using a filtration 
centrifuge, and the solid phase is transferred to the ex-
traction stage. In this stage, a mixture of supercritical CO₂ 
at 25 °C and 65 bar with 16% ethanol, initially at 1 bar and 
25 °C, is added. These two solvents are preconditioned 
using a pressure and temperature system before being 
mixed with the biomass, ensuring they enter the extrac-
tor under the specified conditions. The extraction stage 
has two outlets: one for the solids and the other for the 
mixture of supercritical CO₂, ethanol, and lycopene. A 
complete system is used to separate the three compo-
nents and purify the lycopene to 95%. This system re-
quires four main expansion tanks with intermediate tur-
bines to perform pressure changes. The domes of the ex-
pansion tanks allow for the recovery of supercritical CO2 

and ethanol in another complete separation system. 

Mathematical modeling 
In all three cases, a combination of Python and As-

pen Plus was used. Figures 1, 2, and 3 show the process 
diagrams for each case described, as well as the identi-
fication of the parts developed in Python and Aspen Plus.  

Figure 1. Distribution of process modeling with acetone-
hexane in Python and Aspen Plus. 

The parts developed in Python (light green) were 
chosen due to the possibility of mathematically modeling 
the equipment, mass and energy balances using design 
equations, due to the presence of solids in the process, 
and the greater flexibility offered by working with math-
ematical equations. The parts developed in Aspen Plus 
(darker green) correspond to separation and purification 
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processes due to their rigor in this type of equipment and 
ease of working with liquid mixtures.  

 
Figure 2. Distribution of process modeling with enzymes 
and ethyl acetate in Python and Aspen Plus. 

 
Figure 3. Distribution of process modeling with 
supercritical CO2 and ethanol in Python and Aspen Plus. 

Operating conditions 
To define the operating and production conditions 

of lycopene, it was necessary to use an equation that de-
scribes the extraction stage according to its experimental 
functioning; equations 1, 2 and 3 represent these behav-
iors for the three processes mentioned [11, 9, 10]. 

𝑌𝑌  =  0.009621 − 0.0028125𝐴𝐴 + 0.0010875𝐵𝐵 −   0.0014875𝐶𝐶
+ 0.00525𝐷𝐷 + 0.00045𝐴𝐴𝐴𝐴 + 0.00265𝐴𝐴𝐴𝐴
−    0.0022875𝐴𝐴𝐴𝐴 − 0.000775𝐵𝐵𝐵𝐵
+ 0.0000375𝐵𝐵𝐵𝐵 −    0.0009625𝐶𝐶𝐶𝐶 

(1) 

𝑌𝑌 = 3.115 − 0.275𝑋𝑋1 + 0.125𝑋𝑋2 − 0.645𝑋𝑋3 − 0.918𝑋𝑋4 − 0.364𝑋𝑋5
− 0.112𝑋𝑋6 + 0.004𝑋𝑋12 + 0.667𝑋𝑋22

− 0.107𝑋𝑋32 + 0.279𝑋𝑋42 + 0.234𝑋𝑋52

+ 0.889𝑋𝑋62 − 0.237𝑋𝑋1𝑋𝑋2 + 0.220𝑋𝑋1𝑋𝑋3
+ 0.337𝑋𝑋1𝑋𝑋4 − 0.637𝑋𝑋1𝑋𝑋5 + 0.087𝑋𝑋1𝑋𝑋6
+ 0.121𝑋𝑋2𝑋𝑋3 + 0.038𝑋𝑋2𝑋𝑋4 − 0.531𝑋𝑋2𝑋𝑋5
− 0.065𝑋𝑋2𝑋𝑋6 − 0.109𝑋𝑋3𝑋𝑋4 + 0.368𝑋𝑋3𝑋𝑋5
− 0.045𝑋𝑋3𝑋𝑋6 + 0.896𝑋𝑋4𝑋𝑋5 + 0.230𝑋𝑋4𝑋𝑋6
+ 0.020𝑋𝑋5𝑋𝑋6  

(2) 

𝑌𝑌 = 24.05 − 1.50𝑃𝑃 − 1.33𝑃𝑃2 − 2.64𝑇𝑇2 + 2.67𝑡𝑡 − 2.46𝑃𝑃𝑃𝑃 +
1.62𝑇𝑇𝑇𝑇       

(3) 

These equations depend on different variables that 
affect the amount of lycopene extracted, so they are 

selected as optimization variables along with other vari-
ables depending on the process. Tables 1, 2, and 3 show 
the optimization variables for each case study. 

Table 1 includes variables for the extraction stage, 
the distillation column, and the dryer. Table 2 includes 
variables in the enzyme reactor, extractor, and dryer. Fi-
nally, Table 3 includes optimization variables only in the 
extraction stage and in the dryer. 

Table 1: Optimization variables for the lycopene produc-
tion process with acetone and hexane. 

Variable Symbol Units Limits 
Extraction temperature A Text °C [ ] 

Residence time B t min [ ] 
Acetone-hexane ratio C AH % [ ] 

Volume of solvent mix-
ture D Vsolv L [ ] 

Number of stages - Nt - [ ] 
Feeding stage - NF - [ Nt] 

Reflux ratio - RR - [ ] 
Dryer temperature - Tdry °C [ ] 

Table 2: Optimization variables for the lycopene produc-
tion process with enzymes and ethyl acetate. 

Variable Symbol Units Limits 
Enzymatic reaction tem-

perature X Treact °C [ ] 

Enzymatic reaction time X tR h [ ] 
Enzymes/substrate ratio X ES v/w [ ] 
Solvent/substrate ratio X SS v/w [ ] 

Extraction time X tE h [ ] 
Enzyme/enzyme ratio X EE v/v [ ] 

Dryer temperature Tdry TS °C [ ] 

Table 3: Optimization variables for the lycopene produc-
tion process with supercritical CO2 and ethanol. 

Variable Symbol Units Limits 
Pressure P Pextr MPa [ ] 

Temperature T Textr °C [ ] 
Extraction time t textr h [ ] 

Dryer temperature - Tdry °C [ ] 

Optimization procedure 
 The optimization for the three processes is exe-
cuted from Python, always considering the link with As-
pen Plus for the calculation of the separation section in 
each case. The objective function for this case is the To-
tal Annual Cost (TAC) (Equation 4), which involves equip-
ment costs (Equation 5) and operating costs depending 
on the process: Equation 6 for acetone-hexane, equation 
7 for enzymes and ethyl acetate, and equation 8 for su-
percritical CO2 and ethanol. such as refrigeration, heat-
ing, solvents, among others, in addition to the payback 
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period, which in this case was defined as 5 years.  

𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐶𝐶𝐶𝐶���� + �
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The optimization was performed in Python using the 
PYMOO library, which works well for both single-objec-
tive, as performed in this study, and multi-objective opti-
mizations. Genetic algorithms (GA) were employed to 
find the solution with the minimum total annual cost 
(TAC). GA was chosen for their ease of use in Python pro-
grams that link to Aspen Plus, since the equations in As-
pen Plus are not explicitly defined. Figure 4 shows a 
flowchart that represents the general operation of the 
process optimization process. 

RESULTS 
For the first process using acetone and hexane, the 

genetic algorithm was employed with a population of 100 
and 21 generations, resulting in a total of 2100 evalua-
tions. This optimization required a computation time of 
117.64 minutes. Figure 5 shows a comparison between 
the iterations and the TAC, illustrating how the optimiza-
tion process seeks the minimum TAC, marked with the 
red line. This yielded a TAC of 305, 425.5 USD/year and 
a lycopene production of 0.21 kg/h.  

The second process, using enzymes and ethyl ace-
tate, required 4, 000 evaluations. This optimization re-
quired a computation time of 125.09 minutes, yielding a 
TAC of 6, 038, 983.34 USD/year and a lycopene produc-
tion of 5.13 kg/h. Figure 7 shows the cost distribution for 
each piece of equipment involved in this process, allow-
ing us to identify the stages that contribute most to the 
TAC. The extraction stage accounts for the largest per-
centage, at 51% of the TAC, followed by the enzyme re-
actor at 26.1%, the first flash tank at 6.6%, and the filtra-
tion centrifuge at 6.3%. 

Figure 4. Optimization process flowchart. 
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Figure 5. Comparison of iterations vs TAC for process 
with acetone-hexane. 

Figure 6. shows a breakdown of the costs for each 
piece of equipment involved in this process, allowing us 
to identify the stages that contribute most to the total an-
nual costs. As can be seen, the extraction stage accounts 
for the largest percentage at 20% of the TAC, followed 
by the mill and the flash tank at 19.4% and 18.1%, respec-
tively. Additionally, heat exchangers 1 and 2 contribute 
approximately 10.8% of the TAC. 

Figure 6. Percentage distribution of what each 
equipment contributes to the TAC. 

 
Figure 7. Percentage distribution of what each 
equipment contributes to the TAC. 

For the third process with supercritical CO2 and eth-
anol the genetic algorithm was used with a total of 2100 
evaluations. This optimization required a computation 
time of 369.85 minutes. The TAC was 70.30 MUSD/year 
and a production of 0.13 kg/h of lycopene. 
 Figure 8 shows the cost distribution for each piece 
of equipment involved in this process up to the extraction 
stage, which corresponds to the first part of the process. 
This includes the cost of the entire CO₂ and ethanol sep-
aration system, allowing us to identify the stages that 
contribute most to the total annual costs. It can be ob-
served that the extraction stage represents the largest 
percentage, with 81% of the TAC, followed by the neu-
tralization reactor at 5.5% and the saponification reactor 
at 4.3%. This demonstrates the clear predominance of 
the extraction stage in this first part of the process due 
to the necessary operating conditions. Figure 9 now 
shows a comparison of the costs of this first stage of the 
process with the costs of the set of flash units, heat ex-
changers, pumps, and compressors that make up the 
ethanol and CO₂ separation and recovery section, as well 
as the lycopene purification. The first stage of the pro-
cess accounts for most operating costs, at 62.6%, while 
the remainder corresponds to the second stage of the 
separation process, where the expansion tank section 
represents the largest share of these costs, at 30.8%. 
These graphs suggest the possibility of implementing im-
provements in both the extraction stage and the expan-
sion tank separation stage. 
Tables 4, 5 and 6 show the results obtained for each of 
the optimization variables and the objective function for 
the three processes studied.  
 Of the three processes presented, it can be ob-
served that the one that allows the highest yield of lyco-
pene is the process with enzymes and ethyl acetate, not-
ing that the least viable solution is to work with super-
critical CO2 and ethanol due to the high operating costs 
of the system and the low production of lycopene. 

Figure 8. Percentage distribution of what each 
equipment contributes to the TAC, from the first part of 
the process. 
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Figure 9. Percentage distribution of what each 
equipment contributes to the TAC, from the second part 
of the process. 

Table 4: Results of the process optimization with acetone 
and hexane. 

Variable Units Values 
Operating costs USD/yr   

Equipment costs USD/yr  
 

TAC USD/yr  
 

Lycopene production Kg/h  

Table 5: Results of the process optimization with en-
zymes and ethyl acetate.  

Variable Units Values 

Operating costs USD/yr   
 

Equipment costs USD/yr   
 

TAC USD/yr   
 

Lycopene production kg/h  

Table 6: Results of the process optimization with super-
critical CO2 and ethanol. 

Variable Units Values 

Operating costs USD/yr   
 

Equipment costs USD/yr    

TAC USD/yr   
 

Lycopene production kg/h  

CONCLUSIONS 
 A mathematical algorithm combining Python and As-
pen Plus was developed for the design and optimization 
of lycopene production from tomato waste using three 
different extraction solvents. The process design was 
obtained, including the optimal operating conditions to 

minimize the total annual cost of the processes, allowing 
for the evaluation of the amount of lycopene obtainable 
under these conditions. The lycopene production pro-
cess using enzymes and ethyl acetate yielded the best 
results in terms of lycopene production, at 5.13 kg/h, for 
a total annual cost of 6, 04 MUSD/yr. On the other hand, 
the least recommended process is the one that requires 
supercritical CO2 and ethanol due to the high operating 
costs and the minimal amount of lycopene produced with 
0.13 kg/h. 
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