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Abstract. Biogas refers to the final product of the organic material conversion through the anaerobic 
digestion process. Its main components include methane (55-65%), carbon dioxide (33-40%), hydrogen 
sulfide (>1%), other gases and water vapour. This research aims to determine and observe the potential 
of Sargassum casifolium as material for biogas production and determine the gas pressure that seaweed 
S. casifolium can produce as a new energy alternative. This research was conducted in the waters of 
Ternate Island, in which the samples of seaweed were collected from the waters of Kastela Beach. The 
analysis of seaweed material for biogas was conducted at the Laboratory Alkalis, Faculty of Fisheries and 
Marine Science, Khairun University, Ternate, Indonesia, within 6 months. The results of the research 
show that the following gasses can be obtained from S. casifolium: methane 24.56%, nitrogen 5.85%, 
hydrogen sulfide 0.006% and CO2 3.29%. This showed that methane is the biogas compound with the 
highest level in S. casifolium. Meanwhile, the observations on biogas pressure showed good values. 
Hence, based on the biogas composition of S. casifolium, the seaweed has the potential to be used as 
biogas material.  
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Introduction. Biogas refers to the final product of organic matter conversion through 

anaerobic digestion processes. It is mainly composed by methane (55-65%), carbon 

dioxide (33-40%), hydrogen sulfide (>1%), lesser gases and water. The utilization of 

biogas obtained from of raw materials like agro-industrial solids or liquid wastes, 

agricultural wastes, livestock manure is performed widely (Oktiana et al 2015). However, 

the biogas made from the aforementioned wastes might be hard to develop in the coastal 

areas and small islands in Indonesia in relation to the minimum access and distance to 

the materials - particularly for the coastal areas that are far from agroindustry, farmlands 

and livestock (Wahyudi et al 2015). Hence, using the seaweed as the raw material for 

producing biogas is seen as a solution to make the small islands in Indonesia energy 

independent. The potential of algal biomass as a source of liquid and gaseous biofuels 

has been the subject of considerable research over the past few decades, with 

researchers strongly agreeing that algae have the potential of becoming a viable aquatic 

energy crop, with a higher energy potential compared with that of either terrestrial 

biomass or municipal solid waste (Milledge et al 2019).  

Seaweed has the potential to be the raw material for biogas (Indriani & Sumiarsih 

1991; Dawes 1995; Sitompul et al 2012). In general, waters are able to yield about 50% 

of the total world biomass (Wahyudi et al 2015). Seaweed has high levels of 

carbohydrates and water and low levels of lignin, in comparison with terrestrial plants 

(Anggadiredja 2006; Zatnika 2009). This means that seaweed can be simply degraded 

(Putra et al 2019). Also, the use of seaweed as raw biogas producing material can be 
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beneficial, as it does not require land areas or fresh water for cultivation and it will not 

compete with food agriculture or settlement areas (Oktiana et al 2015). One of the 

critical challenges in achieving energy return from microalgae is harvesting and 

concentrating the algae (Okubo et al 2005; Collet et al 2015; Wang et al 2015). To our 

knowledge, a study on the potential of seaweeds in North Maluku Province in general and 

in Ternate city in particular has not been conducted. This encourages further studies. This 

research aims to determine and learn the potential of Sargassum sp. as material for 

biogas production and to determine the gas pressure produced by Sargassum sp. as a 

new alternative of energy source.   

 

Material and Method 

 

Sample collection. This research was conducted in September 2018. Sargassum 

casifolium was collected from Ternate Island, Kastela Beach. The analyses of the samples 

for biogas production were conducted at the Laboratory Alkalis, Faculty of Fisheries and 

Marine Science, Khairun University, Ternate, within 6 months.  

The collected samples were placed into a container, at 20oC. The seaweeds that 

will be used as biogas material need to be still fresh before being placed in the digester. 

The seaweeds were left at room temperature for 2 days to dry.  

Using a shovel, the substrates were taken and adjusted with the size of digester 

used. The seaweed mix was made by soaking the dried seaweeds in saline water for 2 

hours to get back to its initial condition, in a ratio of 1:2 seaweed to water. Then, the 

mixture was refined using a blender (Oktiana et al 2015).  

 

Sample processing. This research used the continuous load displacement digester 

model, as it was seen as more practical and continual in producing the gas. Using the 

displacement digester, the materials could be inserted often/continually to enable the 

continuity of gas production (Saputra et al 2011). 

The substrate was made based on the information presented by Saputra et al 

(2011). 500 g of lime were added every time the seaweed was introduced in the 100 L 

digester. It was also important to add the fertilizer, as a nutrient for the growth of 

methanogenic bacteria. Nutrients needed by the bacteria include C, N and P. C is 

obtained from the carbohydrates of the seaweed. To fulfill the N and P requirements, NPK 

fertilizer was added. In this research, 500 g of NPK fertilizer were used. Once the sample 

was placed in the digester, observations of the generated biogas pressure were 

conducted using a manometer. These observations were carried out for approximately for 

one month. 

Biogas composition was determined anaerobic biodegradation of the batch method the 

ratio of substrate to the seaweed mix was 2:1. It took 2 to 4 weeks to produce methane. 

Furthermore, 5 kg of refined seaweed were introduced into the digester (AOAC 2005).    

 

Sample analyses. Observations of the biogas pressure were determined by manometer, 

using the following formula (Saputra et al 2011): 

 

h=(p1–p2)/pg           p1-p2=hpg          p1 = hpg+p2 

 

Where: p1 - pressure in tube 1 (psi); p2 - pressure in tube 2 (psi); h - distance between 

h1 and h2 (cm); g – gravitational acceleration (10 m/s2); p (water) - water density (1000 

kg/m3). 

 The gas composition analysis was carried out using GC-MS, with a gas 

temperature of 2000C, and a column temperature of 1500C. The flow rate in the column 

was 43 mL/min. 
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Results and Discussion  

 

Biogas composition. The composition of the biogas obtained from Sargassum 

casifolium can be seen in Table 1. 

 

Table 1 

Biogas composition of seaweed Sargassum casifolium 

 

Type of Gas Amount (mg/L) Amount (%) 

Methane 2456 24.56 

Nitrogen 585 5.85 

Hydrogen Sulfide 0.66 0.006 

CO2 329 3.29 

 

The composition of the biogas consisted of methane 24.56%, nitrogen 5.85%, hydrogen 

sulfide 0.006%, and CO2 3.29% (Table 1). This shows that methane is the predominant 

component of the biogas in the seaweed Sargassum casifolium. The result of the 

research showed that the level of methane produced was not yet optimal. Susanto & 

Yudhistira (2012) stated that, in general, the level of methane produced can reach 50-

60%. Furthermore, it is stated that there are some factors that are assumed to cause 

issues in the methanogenic process, including the incompletely hydrolyzed 

carbohydrates, nutrient content that is not optimal and the decline of the pH value in the 

aerobic digestion process.  

   

Biogas pressure. The observations regarding the biogas pressure within one month (30 

days) present the pressure values from the 2 gallon tubes from the digester (gallon tube 

1 and gallon tube 2). The pressures could be observed after placing the seaweed starter 

twice without any additional substrate, in the digester. The biogas pressure in gallon tube 

1 showed a mean p1 value of 2.806 psi, reaching in day 30 4.3 psi, while gallon tube 2 

showed a mean p2 value of 2.348 psi, reaching in day 30 4.96 psi. The distance between 

heights h1 and h2 was 8 cm. The results of biogas pressure observations for 1 month (30 

days) in gallon 1 and gallon 2 can be seen in Figure 1.  

 The result show that the biogas pressures in the gallon tube 1 and gallon tube 2 

are similar. Thus, based upon the biogas composition produced by the seaweed 

Sargassum casifolium, it can be stated that the seaweed genus has the potential to be 

used as material for biogas production.  

 The biogas material from seaweed has a high level of carbohydrates. The higher 

the carbohydrate in the seaweed is, the greater the biogas pressure will be. Because 

carbohydrates are one of the major elements, it will later form biogas by bacterial 

fermentation (Saputra et al 2011: Lutfiawan et al 2015). The levels of sugar and alcohol 

in each gram of seaweed are determined by the level of carbohydrates. This shows that a 

higher level of carbohydrates can determine the level of alcohol produced in the 

carbohydrate fermentation process (Saputra et al 2011). 
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Figure 1. Biogas pressure by days. 
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Conclusions. Based on the obtained research results, it can be concluded that 

Sargassum casifolium has the potential to be used as biogas material. The biogas 

pressure mean values in gallon tube 1 was 3.553 psi and in gallon tube 2 3.654 psi.  
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