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_________________________________________________________________________________ 

ABSTRACT— In this research, the scheduling Batch process had done for minimizing the processing time and the 

highest equipment efficiency of the ethanol production process. Aspen Plus program was used to perform the mass 

and balances in the steady state part, and Aspen Batch Process Developer program was used to schedule batch parts 

of the process. The production process from oil palm empty fruit bunch has the ethanol capacity of 9,200 kg per day. 

The raw materials are oil palm empty fruit bunch 47,000 kg per day. There are four production schedules: one 

hydrolysis tank and one fermentation tank, four hydrolysis tanks and a fermentation tank, one hydrolysis tank and 

four fermentation tanks, four tanks of hydrolysis and four tanks of fermentation. This can reduce time consumption 

in one production cycle and less cycle time. 
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_________________________________________________________________________________ 

 

1. INTRODUCTION 

In the chemical industries, there are varieties of the chemical process such as Continuous process and Batch process 

[1]. Some of them have both Continuous and Batch production systems in one plant. It is necessary to schedule the 

production of the Batch production system to transfer to the Continuous production system. Production scheduling in the 

Batch process is used to make the process work in a consistent manner. It can also reduce the cost of production by 

shortening the production time. Moreover, the use of resources is the most effective [7]. 

In this article, the production schedule of the production system of the ethanol production at 10 ton per day from the 

oil palm empty fruit bunch had been scheduled to reduce time spent on production and maximize the efficiency of the use 

of resources. In the production scheduling of the production system, the Aspen Batch Process Developer program was 

used to schedule the production. 

2. PROCESS MODELLING 

The primary information about ethanol production from oil palm empty fruit bunch process including  

the compositions of empty fruit bunch, the ethanol production processes from bio-resources and the appropriate condition 

for producing ethanol was studied. Then, a Flow Diagram using the Aspen Plus program was created to define all 

equipment used in the process. After that, the appropriate Property Method in accordance with the substance contained 

within the system and the conditions of each equipment were determined. After finishing simulating the ethanol process, 

the information obtained from Aspen Plus was then exported to calculate in Aspen Batch Process Developer program for 

the hydrolysis and fermentation systems in order to achieve a highly efficient production system. The results from the 

production process simulation and production scheduling were compared using the graphs, then summarized the results. 
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3. RESULTS AND DISCUSSION 

3.1  Simulation of the ethanol production process from oil palm empty fruit bunches by Aspen Plus. 

This research studied the ethanol production process with a capacity of 9,200 kg per day. The raw materials were oil 

palm empty fruit bunches of 47,000 kilograms per day. 

The process of ethanol production from the oil palm empty palm consists of four main steps: 1) Pre-treatment to 

increases the porosity of the material. 2) Hydrolysis to convert cellulose to glucose as shown in Figure 1.  

3) Sugar fermentation process is the biochemical change of glucose into ethanol as shown in Figure 2.  

4) Distillation, this step will increase the purity of ethanol to meet the required statement. The flow-chart of all of the 

steps are illustrated in Figure 3 and the simulated model of ethanol production from the empty fruit bunch, with the 

capacity of 9,200 kg per day by using Aspen Plus program is shown in Figure 4. 

 

Reaction Reactant Conversion 

Cellulose(CISolid) + Water → Glucose Cellulose 0.9 

2 Cellulose(CISolid) + Water → Cellubiose Cellulose 0.012 

Hemicellulose(CISolid) + Water → Xylose Hemicellulose 0.9 

Cellubiose + Water → 2 Glucose Cellubiose 1 

 
 

Figure 1: Hydrolysis Reactions 

 

Reaction Reactant Conversion 

Glucose → 2 Ethanol + 2 CO2 Glucose 0.95 

3 Xylose → 5 Ethanol + 5 CO2 Xylose 0.85 

 
 

Figure 2: Fermentation Reactions 

 

 
 

 

Figure 3: Ethanol production process 
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Figure 4: Model of ethanol production process from empty fruit bunch from Aspen Plus 

3.2  Production scheduling in the Hydrolysis and Fermentation by Aspen Batch Process Developer. 
The Aspen Batch Process Developer model was used for a mass balance of substances in the system and was used to 

display the order of production. Gantt chart was used to display the order of production. The Gantt chart consists of three 

main parts: the upper part, the left part, and color. The upper part of the table shows the operating time of each equipment 

in the system and can be used to indicate the cycle time. The left of the table displays the types of equipment used in the 

system. The color bar shows the operating time of the devices. Four systems were used in this thesis: one tank for 

hydrolysis and one tank for fermentation, four tanks for hydrolysis and one tank for fermentation, one tank for hydrolysis 

and four tanks for fermentation, and four tanks for hydrolysis and four tanks for fermentation 

3.2.1 Strategy 1 
The system contains 1 tank of hydrolysis and 1 tank of fermentation. For this system, the inlet flow rate was 276 liters 

per hour. It took a total of 73 hours to transfer the substance from the storage tank to the hydrolysis tank. The cellulose 

flow rate was 10,500 kilograms per hour and 3,650 kg per hour for hemicellulose. It took 1 hour to transfer the 

substances from hydrolysis tank to fermentation tank. Hydrolysis process took 110 minutes. After that, the substances 

were transferred from the hydrolysis tank to the fermentation tank. The flow rate of glucose was 3,650 kg per hour and 

the flow rate of xylose was 3,735 kg per hour. It took 1 hour to transfer from hydrolysis tank to the fermentation tank, 

then fermented for 3 days. Before removing the material from the fermentation tank with an ethanol flow rate of 6,750 

kilograms per hour, and took 1 hour to completely remove it. The production scheduling allowed to start the second 

round of production and it was not necessary to wait for the first round to be finished. The 3-day of fermentation time 

was defined as the cycle time. The three-dimensional image showing the arrangement of devices and Gannt Chart images 

are shown in Figures 5 and 6, respectively. 

 

 

Figure 5: The arrangement of equipment in the ethanol production process for the system with 1 tank of hydrolysis  

and 1 tank of fermentation. 

 
Figure 6: Gantt Chart for the system with 1 tank of hydrolysis and 1 tank of fermentation. 
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3.2.2 Strategy 2 
The system contains 4 tanks of hydrolysis and 1 tank of fermentation. For this system, the inlet flow rate of the 

substrate was 276 liters per hour. It took 73 hours to complete and then transferred the substances from the inlet tank to 

the hydrolysis tank. The cellulose flow rate was 10,500 kilograms per hour and hemicellulose flow rate was 3,650 kg per 

hour. It took 15 minutes to transfer and 110 minutes to hydrolyze cellulose. After completing the hydrolysis step, the 

substances were transferred from the hydrolysis tank to the fermentation tank. The flow rate of glucose was 3,650 kg per 

hour and the flow rate of xylose was 3,735 kilograms per hour with 15 minutes of transferring to each hydrolysis tank. 

After fermentation for 3 days, the ethanol was transferred from the fermentation tank to the outlet tank with the flow rate 

of 6,750 kg per hour for 15 minutes. It took time less than half for this scheduled system compare to the non-scheduled 

system since production without production schedules needed to wait for the first production to finish. A 3D image 

which shows the arrangement of the equipment and Gannt Chart image are presented in Figures 7 and 8, respectively. 

 

 
 

Figure 7: The arrangement of equipment in the ethanol production process for the system with 4 tanks of hydrolysis  

and 1 tank of fermentation. 

 

 
 

Figure 8: Gantt Chart for the system with 4 tanks of hydrolysis and 1 tank of fermentation. 

 

3.2.3 Strategy 3 
The system contains 1 tank of hydrolysis and 4 tanks of fermentation. For this system, the inlet flow rate of the 

substrate was 276 liters per hour with 18 hours of time-consuming. Then transferred the substance from the storage tank 

to the hydrolysis tank for 15 minutes. The cellulose flow rate was 10,500 kilograms per hour. Hemicellulose was 3,650 

kg per hour. After that, the substances were hydrolyzed for 110 minutes. When hydrolysis was complete, the substances 

were moved from the hydrolysis tank to the fermentation tank. The flow rate of glucose was 3,650 kilograms per hour. 

The flow rate of sugarcane was 3,735 kg per hour. It took 15 minutes to move to the fermentation tank and then 

fermented for 3 days. The fermentation was carried out with the ethanol flow rate of 6,750 kilograms per hour and took 

15 minutes for this step. A 3D image which shows the arrangement of the equipment and Gannt Chart image was 

presented in Figures 9 and 10, respectively. 
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Figure 9: The arrangement of equipment in the ethanol production process for the system with 1 tank of hydrolysis  

and 4 tanks of fermentation. 
 

 
 

Figure 10: Gantt Chart for the system with 1 tank of hydrolysis and 4 tanks of fermentation. 

 

3.2.4 Strategy 4 
The system contains 4 tank tanks and 4 tank tanks. For this system, the inlet flow rate of the substrate was 276 liters 

per hour. It took 18 hours to transfer and then transferred the substances from the inlet tank to the hydrolysis tank. The 

cellulose flow rate was 10,500 kg per hour and hemicellulose was 3,650 kg per hour. It took 15 minutes to complete the 

hydrolysis and then hydrolyzed for 110 minutes. After that, the substances were moved from the hydrolysis tank to the 

fermentation tank. The flow rate of glucose was 3,650 kilograms per hour. The flow rate of sugarcane was 3,735 kg per 

hour, lasted for 15 minutes. After 3-days of fermentation, the process carried out with the ethanol flow rate of 6,750 kg 

per hour with 15 minutes of transferring. A three-dimensional image showing the arrangement of devices and Gannt 

Chart images were shown in Figures 11 and 12, respectively. 
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Figure 11: The arrangement of equipment in the ethanol production process for the system with 4 tanks of hydrolysis 

and 4 tanks of fermentation 
 

 
 

Figure 12: Gantt Chart for the system with 4 tanks of hydrolysis and 4 tanks of fermentation. 

 

3.3 Comparison of time spent on each production cycle. 
The production scheduling of the four different systems: one hydrolysis tank and one fermentation tank, four 

hydrolysis tanks and one fermentation tank, one hydrolysis tank and four fermentation tanks, four hydrolysis tanks and 

four fermentation tanks. It gave the results of the time spent in each production cycle and the different of cycles time as 

shown in Figures 13 and 14. Figure 13 shows that the effect of the number of hydrolysis tanks was very small. 

Meanwhile, more fermentation tanks result as a decreasing in time spending on the process significantly. Figure 14 

illustrates that the number of hydrolysis tanks did not affect the cycle time. The greater the number of fermentation tanks, 

the lower of the Cycle Time. 
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Figure 13: The relationship between the number of tanks in the system and the time spent on producing ethanol in  

one production cycle. 

 

 
 

Figure 14: Relationship between the number of tanks in the system and Cycle Time. 

 
4. CONCLUSION 

Calculation of steady-state balanced the ethanol production from empty oil palm empty fruit bunch. It 

was found that ethanol was produced 9,200 kg per day. The raw materials were oil palm empty fruit bunch of 

47,000 kilograms per day. It was found from the production schedule that the system could be operated in 

system co-operated between batch and continuous processes. For the case of one hydrolysis tank and one 

fermenter tank, the system worked for 1 cycle at 149.83 hours and the cycle time was 74 hours. For the case of 

four hydrolysis tanks and one fermentation tank, the system took about 149.08 hours for 1 cycle and had a cycle 

time of 74 hours. In the case of one hydrolysis tanks and four fermentation tanks, there was a time spend of 

92.46 hours and a cycle time of 18.125 hours. In the case of four hydrolysis tanks and four fermentation tanks, 

the system ran for one cycle at 92.46 hours. Cycle Time was 18.125 hours. It can be concluded that when the 

number of fermenters increases, the time spend on one cycle and the cycle time is reduced due to the length of 

time used in the fermenter for the longest time compared to other equipment in the system.  
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