
   
 
 
 
 
 
 
 

 

 

Corresponding Author: Masli Irwan Rosli, Department of Chemical and Process Engineering, Faculty of Engineering and Built 

Environment, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia. Email: masli@ukm.edu.my 

 

38 

 

International Journal of Undergraduate Research 3 (2): 38-52, 2022 

e-ISSN: 2682-8189 

© RMP Publications, 2022 

DOI: 10.26666/rmp.ijur.2022.2.7 

Simulation of Sago Pith Waste Drying in Fluidized Bed Dryer Plant using 

Aspen Plus 

Khairul Naim Ahmad, Harinesh Jayamani, Masli Irwan Rosli*, Nur Tantiyani Ali Othman 

Department of Chemical and Process Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia, 43600 
UKM Bangi, Selangor, Malaysia 

*Corresponding Author: masli@ukm.edu.my 

Copyright©2021 by authors, all rights reserved. Authors agree that this article remains permanently open access under the 
terms of the Creative Commons Attribution License 4.0 International License 

Received: 01 October 2022;  Revised: 25 October 2022;  Accepted: 20 November 2022;  Published: 30 December 2022. 

   

Abstract: Sago pith waste (SPW) is produced in Malaysia in a very large amount as a byproduct of the sago processing 

industry, and it could potentially have a severe impact on the environment. SPW has a very high starch content (58%), and 

this starch can be extracted if it undergoes a drying process. In this work, the drying plant of SPW was modeled and simulated 

at the commercial scale using fluidized bed dryer (FBD). The initial moisture content of the waste is 90% wet basis and needs 

to be dried to a 10% final moisture content wet basis to meet the industry requirement. A model of a drying plant was 

developed using the solids model system in the Aspen Plus. The base condition that was used is 0.6 kg/h and 50oC, and the 

simulation results were validated from the literature. The drying of SPW using FBD was investigated further with different 

air temperatures, 50oC, 60oC, 70oC and 80oC for the drying of 7 metric tons of SPW. The drying rate was examined with 

different airflow rates, 20000 kg/h, 25000 kg/h, 30000 kg/h and 35000 kg/h. Based on the drying profile generated, inlet air 

temperature of 80oC and a flow rate of 21180 kg/h demonstrated the best drying performance. The optimal parameters were 

further used to carry out the feasibility studies by using the Aspen Economic Analyzer (APEA). The economics of the plant 

showed the capital expenditure (CAPEX) and operating expenditure (OPEX) of RM 24.55 million and RM 10.70 million, 

respectively, and payback period (PBP) of 7.42 years.  
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1. Introduction 

The sago palm, scientifically named Metroxylon spp., is 

a plant that can develop in moist conditions and is native to 

some countries in Southeast Asia, such as Papua New 

Guinea, Malaysia and Indonesia [1]. In Malaysia, Sarawak 

is the major exporter, supplying 25,000 to 40,000 metric 

tons of sago a year to developed countries such as Japan, 

Taiwan, Singapore [2]. Sago pith waste (SPW) is a 

by-product produced after the extraction of starch from sago 

fruit. Before it can be used for further processes, the fruit 

needs to be dried using a dryer [3]. If SPW is not treated 

properly, the release into the river will bring environmental 

pollution problems. In Malaysia, Sarawak has the largest 

number of factories, and the number of sago processing 

plants is increasing up until today. Before the 1980s, sago 

was produced on a small scale using the traditional method 

of sunbathing where less than 1 metric ton of sago starch 

was produced per day. However, in the mid-1980s, the 

industry underwent drastic changes with the existence of 
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more than 40 sago processing plants due to high demand in 

Malaysia [4]. Today in Sarawak, 7 metric tons of SPW were 

produced from each sago processing factory [5]. The SPW 

produced will be treated either using a heat burner or 

disposed into a nearby river or deposited into a factory 

compound. The typical SPW comprises 58% starch, 23% 

cellulose. 9.2 hemicellulose and 4% lignin in which this 

composition is suitable for a variety of applications in the 

chemical industries [6]. Bernard et al [7]. has reported the 

extraction of activated carbon from SPW to be used as 

ammonia absorbent during the urea production process. In 

addition, SPW has been modified and used for the 

absorption of engine oil (Shell Helix HX5) by applying 

fatty acid derivatives such as stearic acid [8]. As a biomass 

source, SPW also has the potential for the biofuel 

production via fermentation such as bioethanol. According 

to Awg-Adeni et al. [6], for 1 metric ton of sago residue, 

470 litre of bioethanol can be produced. Recently, SPW has 

been investigated to synthesis biodegradable biofoam and 

bioplastic as a replacement of petroleum-based plastics [9], 

[10]. 

Drying is a common method used for preserving fruit or 

vegetables by removing the water content or moisture to 

prevent the growth of bacteria and microorganisms [11]. 

This is a critical process as the final quality of the product is 

a key aspect of the food industry [12]. Similarly, for SPW, 

it has to be dried to a certain amount of water content before 

it can be further converted to other products. Nowadays, 

drying process has undergone drastic changes where more 

advanced dryers are widely used in various industries such 

as food, agriculture, solid waste system, pharmaceuticals etc 

[13]. Recently, fluidized bed dryer (FBD) has emerged the 

popular drying technology owing to its energy efficiency 

and preservation of the quality of dried products [14]. FBD 

dryer works according to the principle of fluidization where 

hot gas will enter the center of the solid particles, forming a 

fluidization layer when each particle is surrounded by hot 

gas providing a uniform drying process [15]. The main 

advantage of FBD is that it is suitable for products that are 

sensitive to heat, have low maintenance costs, and a variety 

of sizes and capacities [16]. Also, FBD possesses high solid 

thermal inertia, which increases the drying rate without 

damaging the product’s properties [17]. 

The modelling and simulation work of FBD have been 

reported using various simulation tools. A simulation of 

FBD drying process of SPW via computational fluid 

dynamics (CFD) modelling has been performed by Rosli et 

al. [18] to evaluate the influence of inlet air velocity, inlet 

air temperature, and particle size. Apart from that, Lehmann 

et al. [19] developed a vibration-mode FBD model to 

investigate the hydrodynamics parameters via Dyssol, an 

open-source simulation software. Aspen Plus has been 

regarded a powerful steady-state process simulator in the 

research field of chemical engineering to solve equations 

related to mass and energy balances, and plant cost 

estimation for the developed model. In this study, Aspen 

Plus software was used to model and simulate the drying 

process of SPW via FBD at commercial scale to determine 

the optimal solid particle size, wind velocity, and wind 

temperature. Furthermore, the economic analysis was 

conducted via Aspen Plus Economic Analyzer (APEA) to 

demonstrate the plant capital expenditure (CAPEX), 

operational expenditure (OPEX), and payback period 

(PBP). 

2. Methodology 

2.1. Model development 

An outline of the drying process is presented via a block 

diagram in Figure 1, while Figure 2 shows the process 

flowsheet used in the Aspen Plus simulation. The decanter 

was used as the pre-drying unit in which it will reduce the 

sago pith waste from 90% to 40% moisture content wet 

basis. The FBD was used to do the main drying process 

from 40% to 10% final moisture content wet basis. The gas 

cyclone unit was used to recycle back the entrained solid 

into the process so that solid loss from the FBD can be 

prevented. 

 

The following assumptions were defined for the 

simulation 

• The system is assumed to be at steady state. 

• There is no chemical reaction going on in the 

dryer. 

• The initial moisture content of the sago pith waste 

entering the FBD is 40% and does not 

agglomerate. 

• The particles are mixed thoroughly. 

• The pressure inside the FBD is 1 bar. 

• The SPW from the factory has a moisture content 

of 90 % and needs to be reduced to 40 % before 

entering the FBD by using a decanter. 

• A cyclone unit is used for the recycling of solids. 

 

After the process flowsheet was created, the required 

information needs to be input into the simulation model. 

Table 1 lists the simulation input in Aspen Plus. 

The preferred approach to defining the components will 

be using a non-conventional solids method deploying 

PROXANAL, ULTANAL and SULFANAL. Since all this 

information was not present, the components of the sago 

pith waste were defined using the monomers assimilating 

the components, as referred from Ighalo et al. [20]. Table 2 

shows the original components and the components defined 

in Aspen Plus. The starch composition was taken as 63.8% 

so that a mass solid fraction of 1 can be achieved, since the 

starch composition in sago pith waste varies from 50% to 

70% [21]. 
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2.2. Development of FBD model at commercial scale 

The complete model for drying 7 metric tons of sago pith 

waste was developed and will be used for parametric 

analysis. Table 3 shows the information that needs to be 

input into the Aspen Plus. 

2.3. Parametric analysis 

The commercial-scale model was further investigated 

with different inlet air temperatures of 50oC, 60oC, 70oC 

and 80oC, as well as the airflow rates of 1000 kg/h, 20000 

kg/h, 25000 kg/h, 30000 kg/h and 35000 kg/h for 7 metric 

tons of SPW, by using the input flow rate as shown in Table 

4. 

2.4. Economic analysis 

The highest performance FBD model with optimal 

parameters was selected, and a feasibility study was 

conducted on the developed model plant. The economic 

analysis was done via capital expenditure (CAPEX), 

operational expenditure (OPEX) and payback period (PBP) 

methods using the Aspen Process Economic Analyzer 

feature. 

3. Results and discussion 

3.1. Model validation 

The validation of the model (Figure 3) was done by 

comparing the computational fluid dynamics (CFD) result 

from the [22], in which it was reported that an inlet air 

temperature of 50oC and air velocity of 1.3 m/s is the most 

suitable for drying 0.6 kg/h SPW. Unfortunately, some 

obstacles were faced during the validation process. The 

drying simulation in Aspen Plus is considered a continuous 

process in which no drying information is provided. 

Therefore, the mean residence time was calculated for the 

continuous process for the comparison by using the formula 

below: 

ť =  (1) 

Where: 

ť = Mean residence time 

εs = Solid holdup  

Gs = Mass flow rate 

 

From the graph in Figure 3, it can be seen that it exhibits 

the same trend as in the literature, thus validating the model. 

3.2. Influence of moisture content 

The effect of air temperatures and flow rates towards the 

moisture content are shown in Figure 4. From Figure 4(a) to 

(d), the moisture content decreases continuously with the 

increasing inlet air temperature and average residence time. 

Drying process requires a very short mean residence time for 

80oC and 35000 kg/h in which it took only 10 minutes to 

reach a 0% final moisture content wet basis. At 70oC and 

35000 kg/h airflow rate, it took about one hour to reach the 

0% final moisture content wet basis. This result is consistent 

with the finding from Rosli et al. [18]where, at high 

temperatures, the moisture content decreases drastically. 

Referring to Figure 5(a) and 5(d), it was found that the 

moisture content of SPW decreases steadily at a constant rate 

with an increasing inlet flow rate and mean residence time. 

The drying process here showed that the shortest average 

residence time for a dry sago residue is at an airflow rate of 

35,000 kg/h, followed by 30000 kg/h, 25000 kg/h and 20000 

kg/h. At an airflow rate of 35000 kg/h, the temperature of 

50oC was still insufficient to achieve a target moisture 

content (10%), but the differences are not significant as the 

drying achieve 10.23% moisture content in 60 minutes. 

Additionally, drying at temperature 80oC only takes 10 

minutes to reach a 0% wet moisture content wet basis. 

3.3. Influence of drying rate 

Figure 6(a) to (d) illustrate the variation of drying rate in 

function of residence time. It can be seen the drying rate 

increases with the mean solid residence time and decreases 

to a value of 0 after reaching a maximum drying rate. After 

the 10th minute the drying rate drops, with the maximum 

drying occurring the 10th minute. The highest drying rate 

can be seen at 80oC, as high temperatures allow the water 

particles to move faster, which, in turn, leads to efficient heat 

transfer between the hot air and the suction water in the sago 

residues. The air inlet flow rate of 35000 kg/h (Figure 5(d)) 

had the highest drying rate at the 10-minute mark, which is 

0.7783 kg/min, followed by an inlet flow rate of 30000 kg/h 

(Figure 5(c)), which was 0.7767 kg/min. 

Figure 7(a) to Figure 7(d) show that the drying rate 

increases with the mean solid residence time and decreases 

to a value of 0 after reaching its maximum. This is because 

the higher airflow rate will provide a high surface area for the 

heat transfer process between the hot air and the water 

content in the sago residues. The highest drying rate can be 

found at a flow rate of 35000 kg/h, where the flow rate 

requires a very short mean residence time. For this parameter 

too, after the 10th minute, the drying rate drops to a drastic 

rate and the maximum drying takes place in the 10th minute. 

3.4. Identifying optimal parameters 

With the drying profile generated, the optimal parameters 

were identified (Table 5) to achieve a final moisture content 

of a 10% wet basis. Prior to this, the identifying process 

was performed, and the mean residence time was kept 

constant at 10 minutes for several reasons: 
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• Low residence time will reduce the height of the 

FBD 

• Low residence will reduce the operating cost 

• A maximum drying rate occurs at the 10th minute, 

and beyond 10 minutes there is no significant 

change 

3.5. Feasibility study 

As shown in Figure 8 and 9, the capital expenditure 

(CAPEX) and operating expenditure (OPEX) values 

decrease through increasing the input air temperature and 

decreasing the inlet airflow rate. This can be explained when 

the value of the input airflow increases, the size of the 

operating unit will also increase, which will thus result in an 

increase in the operating unit cost. An air temperature of 

50oC and an inlet airflow rate of 35500 kg/h showed the 

highest values. The CAPEX value of this condition is RM 

27.73 million, while the OPEX value is RM 10.85 million. 

The air temperature value of 80oC and inlet airflow rate of 

21180 kg/h showed the lowest CAPEX and OPEX values, at 

RM 24.55 million RM 10.70 million, respectively. 

Increasing the air temperature only affected the operating 

unit cost of the heater, and this did not result in a drastic 

change in the CAPEX and OPEX values. This is consistent 

with the study conducted by Hong et al. [23], in which 

operating units operated at high temperatures do not have 

high CAPEX and OPEX values. 

Based on Figure 10, the payback period (PBP) value 

decreases with the increase in air temperature and a decrease 

in airflow rate. At 80oC and 21180 kg/h, the lowest value for 

7.42 years PBP was recorded, while the highest value of 

10.23 years PBP was recorded at 50oC and 35500 kg/h. This 

means that at drying condition of 80oC, and 21180 kg/h, it 

takes shorter time to recoup the initial investment value, 

compared to the condition of 50oC and 35500 kg/h. 

4. Conclusion 

In this study there were three main objectives, i.e., the 

development of a FBD simulation model for sago pith waste 

using Aspen Plus, conducting parametric analyses of the 

effect of inlet air temperature and airflow rate of, and 

conducting feasibility studies of the optimized parameters. 

The simulation model of FBD for 0.6 kg/h SPW was 

validated from computational fluid dynamics result the 

literature. The commercial-scale FBD of 7 metric tons was 

developed by incorporating pre-drying and post-drying units. 

The inlet air temperatures were set at 50oC, 60oC, 70oC and 

80oC, while the inlet air flow rates were set at 20000 kg/h, 

25000 kg/h, 30000 kg/h and 35000 kg/h. The initial moisture 

content of the sago pith waste on a wet basis was 90%, while 

the sago residue entering FBD contained 40% of the 

moisture content. Generally, it was found that the drying rate 

increased with the increase in inlet air temperature and 

moisture content decreases concurrently with the increase in 

air temperature. The 50oC temperature showed the lowest 

drying rate while the 80oC temperature showed the highest 

drying rate. This can be attributed to the heat transfer process 

between the water content and hot air to become more 

efficient at higher temperature. As for the inlet air flow, the 

flow rate of 20000 kg/h generally showed the lowest drying 

rate, and the 35000 kg/h flow rate showed the highest drying 

rate. The feasibility studies were conducted towards optimal 

parameters of air temperature of 80oC and inlet airflow rate 

of 21180 kg/h. The economics of the process demonstrated 

the CAPEX and OPEX of RM 24.55 million RM 10.70 

million, respectively, with the PBP value is 7.42 years. 

Therefore, SPW drying study using FBD can be expanded 

further by investigation of the influence of other parameters, 

such as the pressure of the airflow rate, the height of dryer, 

and the position of the heater. 
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Figures 

 

 

Figure 1. Block diagram of SPW drying 

 

 

Figure 2. Process flowsheet of FBD plant model in Aspen Plus 
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Figure 3. Variation of normal moisture content in function of drying time at T = 50°C and air velocity 1.3 m/s 
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Figure 4. Moisture content evolution at different drying temperatures and inlet flow rate of (a) 20000 kg/h, (b) 25000 kg/h, 
(c) 30000 kg/h, and (d) 35000 kg/h. 

 

 

Figure 5. Moisture content evolution at different inlet airflow rates and temperature of (a) 50°C, (b) 60°C, (c) 70°C, and (d) 
80°C. 
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Figure 6. Drying rate performance at different temperatures and inlet airflow rate of (a) 20000 kg/h, (b) 25000 kg/h, (c) 
30000 kg/h, and (d) 35000 kg/h. 
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Figure 7. Drying rate performance at different airflow rates and temperatures of (a) 50°C, (b) 60°C, (c) 70°C, and (d) 80°C. 
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Figure 8. CAPEX values at different inlet air temperatures and airflow rates. 

 

 

Figure 9. OPEX values at different inlet air temperatures and airflow rates. 
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Figure 10. PBP at different inlet air temperatures and airflow rates. 
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Tables 

 

Table 1. Simulation input for Aspen Plus. 

Information Types of info 

Specification 
63.8% starch, 23% cellulose, 
9.2 hemicellulose, 4% lignin 
and 90% Water 

Model Solids 

Fluidized bed dryer 

Solid holdup= 43kg Height =2 
m, 
Solid discharge location = 0.9, 
No. of orifices =40 
Dia. of orifice =400 mm 

 

 

Table 2. Components defined in Aspen Plus. 

Original component Components that defined in Aspen Plus 

Starch Glucose 

Cellulose Cellobiose 

Hemicellulose Xylose 

Lignin Lignin Monomer 

Water Water 

 

 

Table 3. Simulation input for FBD plant model at commercial scale. 

Type of information Values/info 

Specification 63.8% starch, 23% cellobiose, 9.2 xylose, 4% lignin 

monomer and 90% water   

Method Solid 

Decanter -Type of model: Decanter 

-Deliquoring method: Specify residual moisture 

- Residual moisture =0.4 

Fluidized bed dryer - Solid holdup = 117kg (will be varied) 

-Height= 6m (will be varied) 

-Solid discharge location =0.9 

-Number of orifices = 400 

-Diameter of orifice =10mm 

 

Blower -Pressure: 1 bar 

 

Cyclone -Type of model-=Cyclone 
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- Mode = Design 

- Calculation method =Muschelknautz 

-Type = Stairmand-HE 

Heater -Temperature =80oC 

-Pressure= 2bar 

 

 

Table 4. Feed flow rates and drying conditions of decanter and FBD 

Conditions Parameter 

 Flow rate (kg/h) Temperature (oC) Pressure (bar) 

Inlet flow rate into the 

decanter 

7000 (6300 water + 700 sago 

pith waste) 

30 1 

Inlet flow rate into the FBD 1167 (467 water + 700 sago pith 

waste) 

30 1 

Outlet flow rate of FBD 778 (78 water + 700 sago pith 

waste) 

50 1.5 

 

 

Table 5. Selection of suitable parameters to achieve 10% of moisture content wet basis. 

Inlet air temperature Inlet airflow rate  

50oC 35500 kg/h 

60oC 29400 kg/h 

70oC 24750 kg/h 

80oC 21180 kg/h 

 


