
How can products for the ocean  
help us make better biofuels?  
Algae can be used to make biofuels like ethanol. Algae can 
undergo processes like gasification, liquefaction, pyrolysis, 
fermentation, etc. [8]. Algae produce oils that contain a 
triacylglycerol structure and have lipids, which are fatty acids that 
are used to produce biodiesel [8]. These fatty acids allow algae 
to produce biofuels like ethanol. Although ethanol is widely used 
as a biofuel, ethanol is not a preferred biofuel because it reacts 
with water which may lead to damage to the engines. Therefore, 
biofuels that are hydrophobic are more preferred [1]. However, due 
to its cheap cost, ethanol is widely used as a biofuel. 

Ways to convert algae to biodiesel  
Transesterification  
This triacylglycerol structure causes higher viscosity than that 
of petroleum. To reduce this viscosity level, the algae biomass 
undergoes a process called transesterification. Transesterification 
introduces a functional group to the algae and a catalyst, like an 
enzyme, is used in the reaction to form glycerol and methyl esters 
which are a preferred biofuel because they do not react with water 
[7]. There are two types of transesterification processes: direct and 
conventional transesterification. Direct transesterification involves 
removing the lipid content and does not require any additional 
pretreatment. However, conventional transesterification requires 
pretreatment where the lipids are extracted before a functional 

group is introduced to the algae [7].  Direct transesterification 
is preferred because it requires fewer steps and costs less than 
conventional transesterification. 

Anaerobic Digestion  
Anaerobic digestion can be used on algae to produce CH4 and 
CO2. This process contains four steps. The first step is hydrolysis 
where the organic matter of the algae is broken down into amino 
acids and sugars through the use of bacteria. The next step is 
fermentation where acidogenic bacteria is used to convert these 
sugars and amino acids into products like hydrogen and CO2. In 
the next stage, acetogenesis, hydrogen, and carbon dioxide are 
oxidized by removing hydrogen and increasing oxygen. The final 
step is methanogenesis where CH4 and CO2 are produced using 
bacteria as shown in figure 1 [7].   

   

Gasification and Liquefaction 
In liquefaction, pretreatment may be needed as it degrades 
the algae into smaller pieces, allowing for a quicker and 
more efficient conversion reaction. This pretreatment involves 
physical pretreatment like increasing the surface area, chemical 
pretreatment like destroying the structure of algae, or biological 
pretreatment where the polymerization of algae is reduced. 
The types of liquefaction are direct liquefaction and indirect 
liquefaction. Direct liquefaction allows the solvent to affect the 
biomass directly while indirect liquefaction uses catalysts to affect 
the biomass [10]. Gasification is a type of indirect liquefaction. 
Gasification transforms algae into CO, H, CO2, CH4, and tar 
by using catalysts and controlling the temperature and pressure 
[11]. Thermochemical liquefaction is a type of direct liquefaction. 
Thermochemical liquefaction converts algae into biofuel by using 
a catalyst and undergoing the process at high pressures and high 
temperatures [12].

LATEST ADVANCES IN USING ALGAE  
FOR PRODUCING BIODIESEL

Introduction  
Biofuels make up around 10% of energy consumption. Biofuels are the environmentally friendly alternative to the use of 

petroleum fossil fuel. A type of biofuel that can provide fuel for diesel transportation is methyl esters and it can be produced 

from lipids or fatty acids that can be found in algae [1]. Algae is formed when autotrophs evolve by absorbing oxygen and 

light. Algae is usually found in the ocean due to its dependency on the water to survive. Algae can be categorized into four 

kingdoms: the Bacteria kingdom, the Plantae kingdom, the Chromista kingdom, and the Protozoa kingdom [2]. The Bacteria 

kingdom allows for the bacteria to live off the algae by degrading methylamine to form ammonia which allows the bacteria 

to grow [3]. The Plantae kingdom consists of green algae and this type of algae can make its own food through a process 

called photosynthesis [4]. The Chromista kingdom consists of chromites that can survive in most environments. Additionally, 

some species in this kingdom can form pigments and enzymes that cause organic materials to deteriorate [5]. The species in 

the Protozoa kingdom feed on the nutrients in their environment and can be parasitic [6]. Among these different kingdoms 

of algae, the one most used to make ethanol is brown algae, which is a part of the Chromista kingdom [7].    
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Figure 1. Process flow schematic of Anaerobic Digestion [9]



Fermentation  
Algae contain sugars that can be converted into bioethanol 
through a process called fermentation. In addition to the 
production of ethanol, this process can also produce acetone 
and butanol. This process requires pre-treatment to increase 
the number of products produced [7]. There are many 
different methods for pre-treatment such as physical, chemical, 
physicochemical, and biological. Physical treatment involves the 
fragmentation of algae, chemical treatment involves the use of 
oxidation and solvents to alternate the chemical structure of algae, 
and biological treatment involves the treatment of the bacteria and 
enzymes on the algae [13]. These pretreatment methods improve 
fermentation.   

  

Pyrolysis  

Pyrolysis is the process that breaks down algae without the 
involvement of oxygen in order to produce biofuels. Conventional 
pyrolysis slowly heats the algae to produce biochar whereas fast 
pyrolysis and flash pyrolysis quickly heats the algae to produce bio-
oil and syngas [7].   

Ways to Improve the Biofuel  
Made from Algae  
The process to convert algae to biofuels is an expensive process that 
demands a large amount of energy. Research has been conducted 
to improve algae to make it preferable. To improve algae, many 
researchers have attempted to breed algae to improve their 
phenotypes by directly increasing the yield of lipids from algae [14].  

Engineers have found techniques to alter the structure of algae 
DNA to allow for proliferated growth. However, this may be a 
problem if these genes placed in the algae cannot be controlled by 
the engineer which is why further research is needed on this topic 
[15].  

Conclusion  
Fossil fuels release greenhouse gases into our environment, 
contributing to climate change. To prevent this further damage 
to the environment, biofuels were found to be an efficient and 
environmentally friendly alternative. Biofuels can be produced 
from ocean waste, plastic, and algae. Algae can be converted into 
biofuels through a variety of processes including the enhancement 
of algae or the efficiency of biofuel production. These processes 
can be further researched to improve its overall yield in order to 
replace fossil fuels and petroleum.   
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