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Abstract 

 

 

Macroalgae are currently considered as a valuable source of biomass for producing 

a wide variety of products including cosmetics, medicines, pharmaceuticals, new 

materials based on biopolymers and biofuels. They produce unique secondary 

metabolites such as polysaccharides that are very useful in several applications. 

Agar, one of these polysaccharides, exhibits excellent rheological properties, 

moderate water resistance and high biodegradable, which allow it to be exploited 

commercially. Different routes for agar extraction have been studied with the aim 

of stablishing effective and profitable processes that include alkaline or acid 

pretreatments.  In this paper, two routes for agar production from red macroalgae 

Gracilaria sp. were simulated: freeze-thaw (Route 1) and evaporation (Route 2) in 

order to determine the most suitable process from a techno-economic viewpoint.  

From simulation, it was found that both routes are possible to implement for agar 

production with the same properties. Nevertheless, Route 2 requires less energy and 

equipment than Route 1 because of the operating conditions for evaporating and  
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freezing, respectively. Therefore, Route 2 presents lower fixed capital, operating 

and utilities costs, which mean a higher process profitability.  
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1. Introduction  
 

Macroalgae are marine and freshwater organisms classified into three major groups 

based on their photosynthetic pigmentation variations: red, green and brown [1, 2].  

They are abundant in ocean ecosystems and can grow at rates that far exceed those 

of terrestrial plants, mainly because of non-limited environment, its ability to adapt 

to changing and extreme conditions [1, 3, 4]. They are mainly characterized by the 

presence of particular components such as carbohydrates which amounts depend on 

the specie and on a variety of physicochemical cultivation parameters [5, 6]. 

Gracilaria sp. genus, one of marine red algae, lives mainly in shallow waters in 

oceans, estuaries and coastal lagoons. This genus contains abundant 

polysaccharides, proteins, dietary fibers, vitamins and minerals, which requires new 

technologies and suitable process to be separated [7–9].  

 

Gracilaria sp. is source of a huge amount of the agar produced in the world due to 

its abundance and low cost [10].  Agar is a jelly-like biopolymer that consists of 

agarose (neutral polymer) and agaropectin (sulphated polysaccharide) [5]. The 

extraction process of agar from red algae begins with pretreatment in order to 

enhance the saccharification of carbohydrates. Acid hydrolysis has been widely 

used for depolymerization of various types of polysaccharides such as agar and 

carrageenans because acids lead to membrane poration while bases saponify lipids 

present in it [5, 11]. Nevertheless, alkaline treatment renders agar with improved 

gelling properties and low sulphate content [10]. The, neutralization and agar-water 

separation are carried out according to the desired route.  

 

To generate, evaluate and determine more suitable routes and its improvement, 

computer-aided software-tools  have been used as an useful alternatives [12]. In this 

work, computed-aided simulation was performed for two routes of agar production 

process, which differ each other due to the separation process applied to agar-water 

mixture. For Route 1, freezing and thawing are used and for Route 2, evaporation 

is purposed in the separation stage. This with the aim of obtaining technical 

information and determining the most suitable route for agar production process.  

 

2. Materials and Methods 
 

Computer-aided simulation was performed using a commercial process simulation 

software. The agar production process for Route 1 was stablished according to other 

researches [13–16], and Route 2 is purposed base on an modification of unit 

operation for separating stage.   
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Fluid pack NTRL was defined due to polar nature of substances that intervene on 

simulation of agar production routes. Furthermore, this process was modeled in 

stable state using a basis of calculation of 8,000 t/year because of the high value of 

product, whose commercial cost ranged between 2,200 and 5,000 USD/t in 2014 

[17]. Chemical composition of algae Gracilaria sp. was defined based on other 

works [18]. Table 1 shows composition of each substances and the state in which it 

is in simulation. This information and process characteristics were entered to 

simulation tool, and then equipment for each route were selected, in addition, same 

processing capacity respect to agar production was stablished.   
 

Table 1. Components defined in simulation for Gracilaria sp. Algae 

 

Component 

 
Functional 

Unit* 

Composition 

(% by weigh)  
Type Source  

Salt NaCl 9.85 Solid ASPEN database 

Sand  CaCO3 9.85 Solid ASPEN database 

Water   H2O 6.28 Liquid ASPEN database 

Agar (C12H18O9)n 39.09 Solid RSOC 

Ashes Ash 5.58 Solid 
NREL 

database** 

Lipids 
 

 

Triolein 
2.79 

Solid ASPEN database 

Tripalmitin Solid ASPEN database 

Proteins 
 

 

 

 

Histidine 

3.49 

Solid ASPEN database 

Arginine Solid ASPEN database 

Lysine Solid 
ASPEN database 

Fatty acids 
 

 

Palmitic acid 
1.04 

Solid ASPEN database 

Oleica cid  Solid ASPEN database 

Lignin Lignin 1.04 Solid ASPEN database 

Hemicellulose Xylan 6.98 Solid 
NREL 

database** 

Cellulose (C6H10O5)n 13.96 Solid 
NREL 

database** 
*These subcomponents were entered to simulation to define each component.  

**This database belongs to National Renewable Energy Laboratory [19] 

 

3. Results and Discussion  
 

During simulation of agar production process, sand and salt in algae content were 

assumed as product of handling during recollection. To simulate its cleaning, a 

washing tower was used and it is represented by LAV-1 equipment in Figure 1 and  
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2, in which salt and sand are removed using water; following step consists in algae 

drying through an oven in order to prepare them for alkaline treatment stage. 

Alkaline treatment was simulated by means of a stoichiometric reactor represented 

by R-1 equipment in which algae cell wall destruction was carried out using a 

diluted sodium hydroxide solution (NaOH) in order to release agar contained 

therein. In this reactor, secondary reactions took place such as hydrolysis of 

cellulose and hemicellulose, which are reduced to sugars xylose and galactose, 

respectively. Agar obtained from Gracilaria sp. produces low quality gel, which is 

associated with a high sulfate content, so alkaline treatment has demonstrated a 

good performance in desulfation [16]. Yousefi et al. [20] reported that soak 

Gracilaria corticata with  5% NaOH solution at a ratio of 1: 200 per 1 h at 40 ° C 

followed by extraction at 80 ° C for 2.5 h produced high quality agar.  

 

After alkaline treatment stage, pretreated biomass is sent to neutralization stage and 

it was also simulated using stoichiometric reactor represented by R-2 equipment, in 

which NaOH from alkaline treatment stage reacts with a dilute sulfuric acid 

solution, converting NaOH excess to Na2SO4 . Then, a rotary filter represented by 

FIL-2 equipment removes this reaction product. The processed biomass resulting 

in above stages is fed to a heating tank represented by TK-1 equipment, where it is 

mixed with water and heated to a temperature of 80 ° C in order to dilute agar, and 

then it is separated from other solid components using a filter press (FILT-3). This 

equipment separates agar along with water. For Route 1, water is eliminated by 

freezing agar-water mixture at -10ºC with the aim of taking advantage of low 

solubility of agar in cold water [21]. For Route 2, water is evaporated from mixture. 

The composition of main process streams obtained after simulation for both routes 

is shown in Tables 2 and 3. In addition, Figure 1 and 2 represent agar production 

processes in simulation environment for Route 1 and Route 2, respectively.  

 

The results of this simulation allowed to analyze that both routes can be used on 

industrial scale for agar production, however, in economic terms, application of 

Route 2 is more viable. This because of the energy demand for cooling is higher 

than for heating in a process that occurs at room temperature of 25 °C; so, energy 

utilities will be greater and therefore, operating costs will increase, which make the 

proposed route more profitable. In addition, Route 1 requires more equipment for 

freezing and thawing the agar-water mixture compared to evaporating, so capital 

investment is higher than in Route 2. In general, evaporation is considered as the 

most economical and widely used method for the concentration of mixtures since it 

is easier and quicker to carry out than to apply freezing as a separation technique. 

Furthermore, freezing has been reported to cause structural damage with non-

reinforcement effect on the agar network structure and thus the gel stretch and 

syneresis is significantly affected, so that Route 1 doesn’t have significant 

advantages over Route 2 [22].  
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Figure 1. Diagram of agar production process (Route1) 

 

 

 
Figure 2. Diagram of agar production process (Route 2) 

 

 

Table 2. Description of general streams for Route 1 and Route 2 

 

 General streams of Route 1 and 2 

 Algae 2 NaOH H2SO4 16 17 

Temperature (°C) 25 25 25 25 25 80 

Pressure (atm) 1 1 1 1 1 1 

Liquid components       

Flow rate (kg/h) 260 8,000 14,800 158 14,800 4,369.80 

Water 0.2416 1 0.950 0.985 1 0.910 

NaCl 0.3792 0 0 0 0 0 

CaCO3 0.3792 0 0 0 0 0 

NaOH 0 0 0.05 0 0 0 

H2SO4 0 0 0 0.015 0 0 
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Table 2. (Continued): Description of general streams for Route 1 and Route 2 

 
Agar 0 0 0 0 0 0.09 

Solid components       

Flow rate (kg/h) 740 0 0 0 0 0 

Ash 0.07550 0 0 0 0 0 

Cellulose 0.18870 0 0 0 0 0 

Xylan 0.09434 0 0 0 0 0 

Triolein 0.01889 0 0 0 0 0 

Lysine 0.00061 0 0 0 0 0 

Palmitic acid 0.00943 0 0 0 0 0 

Oleic acid 0.00943 0 0 0 0 0 

Tripalmitin 0.01887 0 0 0 0 0 

Agar 0.52830 0 0 0 0 0 

Histidine 0.01860 0 0 0 0 0 

Arginine 0.02790 0 0 0 0 0 

Lignin 0.00943 0 0 0 0 0 

 

 

Table 3. Description of specific streams for Route 1 and Route 2 

 

 Specific streams of  Route  1 Specific streams of  Route 2 

 18 19 Agar1 Agar 2 

Temperature (°C) 25 -10 25 25 

Pressure (atm) 1 1 1 1 

Liquid 

components 
    

Flow rate (kg/h) 4,369.80 4,369.80 395.56 395.56 

Water 0.910 0.910 0 0 

NaCl 0 0 0 0 

CaCO3 0 0 0 0 

NaOH 0 0 0 0 

H2SO4 0 0 0 0 

Agar 0.09 0.09 1 1 

 

4. Conclusion   
 

From computer-aided simulation of both routes of agar production with red algae 

Gracilaria sp. as raw material, it is found that Route 1 and 2 are suitable. 

Nevertheless, For Route 2, operating costs are lower due to the evaporating 

separation stage demands less energy and it is easier to carry out at 25°C of room 

temperature compared to Route 1. In addition, Route 1 requires a higher number of 

equipment in order to perform both freeze and thaw stages, which increases process 

capital investment. Even, the time it takes to freeze resulted in other disadvantage 

for Route 1 because of slow process reduce the productivity per unit of time and 

also, the application of this method of separation could affect agar properties due 

to damages in its structure.  
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