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Abstract 
 
Microalgae refer to a kind of autotrophic microorganism with rich nutrition and high photosynthetic 
utilization degree, which are widely living in the sea and land. Microalgae can be converted into bio 
energy such as biogas, biodiesel and bio oil. This thesis presents a review on the different cultivation 
methods and energy conversion techniques of microalgae. Through comparison with other biomass 
feedstocks, the advantages and disadvantages of microalgae are detailed. Since the large scale of 
microalgae bioenergy production has not been achieved yet, the commercial production requirements 
and the sustainability of microalgae are analysed. As a result, high lipid content, less cultivated land 
use and short life time circle are thought to be the typical advantages of microalgae that it can be 
considered as a potential substitute of fossil fuel. 
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Summary:  
 
This thesis presented microalgae as the third generation biofuel feedstock. Whether it has possibility 
and feasibility to replace the fossil fuel in future was discussed. Microalgae can convert to biogas, bio 
oil, biodiesel and bioethanol. Through the description of the microalgae characteristics and 
comparation with other biomass feedstocks, Microalgae has high lipid contents, fast growing and less 
land use superiorities. Microalgae have potential benefits to become a renewable energy from 
biological properties point of view. For getting bioenergy from microalgae, microalgae energy 
production process was studied, which includes microalgae cultivation, harvesting & oil extraction and 
energy conversion parts. In each production part, there are some techniques can be used. The 
technology readiness level and production difficulties of microalgae energy are shown from the 
introduction of different techniques of different production processes. In order to achieve commercial 
use of microalgae energy, large scale production must to be considered as the starting point. The 
climate condition, water resource, carbon dioxide condition, land and nutrients are five requirements of 
large scale production in environmental concern which need to be meet. Furthermore, how to decrease 
the investment cost and production cost are the economic challenges have to be solved. In combination 
with all of the environmental requirements and economic concerns, an ideal microalgae energy 
production plant was imagined. Microalgae as renewable energy resource, the sustainability of 
microalgae must to be estimated. Some LCA reports were reviewed and A SWOT analysis was made 
to show the strengths and weakness of microalgae production in the sustainable development field. 
Four countries’ case studies were introduced the current development levels of microalgae energy. 
However, some challenges are still limiting the development of microalgae. For solving these 
challenges, technological difficulties need to be improved, as well as government policies need to be 
adjusted to support the microalgae bioenergy commercialization in future. In conclusion, microalgae 
have most possibility to replace fossil fuel in the near future.  
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1. Introduction 

Nowadays, the petrochemical resource shortage and environmental pollution are two critical challenges, 
which need to be addressed by our society. Since limited petroleum resources that have become 
increasingly depleted, petroleum oil shortages as well as rise in gasoline prices have become important 
factors in restricting the global economy. Furthermore, according to the results of scientific literatures, 
environmental pollution is caused by the huge amounts of fossil utilization, leading to global warming 
and disasters related to climate change. In order to solve these problems, both social and industrial 
researchers have started looking for renewable energy alternatives that can partially replace fossil fuel 
resources for establishing a more sustainable society and promoting economic recovery in the world.  
 
Biomass energy, as one of the representatives of renewable energy, has been developing rapidly in 
form of agriculture and aquaculture. Biomass energy is usually produced by terrestrial crops and 
marine algae for conversion into biofuel and biogases. Since the 1970s, the United States and Brazil 
have begun to develop biofuel by using corn to produce bio-ethanol, and achieved significant results. 
(Sims and Taylor, 2008) Biomass energy cannot only reduce the energy shortage problem, but is also 
much better for the environment than fossil fuel. However, terrestrial crops - the first and second 
generation biofuel feedstocks pose new challenges such as the occupation of arable land which end in 
food crisis.. Thus one of the most serious concerns regarding sustainability aspects today is the need of 
land to produce food to an increasing population. There is average of 25 000 people that die of hunger 
every day in the world, according to a report to FAO (FAO, 2003). In another words, there is one 
person die of hunger every 3.4 seconds. (Burton, 2011) 
  
Biomass is one of the important renewable energy sources. It refers to using air, water and soil through 
photosynthesis to produce bioenergy. It can be extracted from plants, animals and microorganisms such 
as food crops, crop wastes, wood, garbage, animal manure and marine algae, etc. The main advantages 
of Biomass are renewable and less pollution. Biofuel and biogases are produced from biomass as an 
alternative petroleum fuels. At present, worldwide, the development of biomass has become an 
important way to adjust energy structure and to reduce greenhouse gas emissions in order to realize 
both environmental and economic sustainability (Wu et , 2007). 
 
Recently, the eyes of world are focusing on the microalgae biofuel development. Microalgae bioenergy 
researches are beginning to implement in the world. Many countries in the Americas, Asia, and Europe 
have their own microalgae bioenergy research projects to promote this renewable energy 
industrialization. Therefore, scientist began to pay more attention to develop microalgae for extracting 
more sustainable energy. Microalgae have less complex structure, fast growth rate and high oil content 
characteristics.  As Algae production need less land or can even be cultivated in the shallow sea 
directly, it can help us saving arable land to grow food. Therefore, microalgae are more sustainable 
than terrestrial crops. 
 
The cultivation of microalgae is the first step of the whole microalgae bioenergy production process, 
cultivation depend on different conditions such as climate conditions, water resources, CO2 supply and 
cultivation methods. These factors will directly effect on the microalgae growth. To get high quality of 
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microalgae feedstocks, cultivation techniques will be studied. After cultivation, production part will be 
started to research. The production technology of microalgae is one of the most difficult and complex 
points need to be solved, including harvesting microalgae, oil extraction and energy conversion parts. 
Although most of these technological methods can be used in both algae energy and crops energy 
extraction, the results have also some differences between marine algae and terrestrial crops, such as oil 
yields, land use and commercial production situations. For achieving large scale production, the critical 
problem is how to reduce the investment cost and production cost during the whole microalgae biofuel 
production. High cost input became the biggest challenge in the microalgae bioenergy development. 
The prices of microalgae are relay on the petroleum price, etc... ..  
 
In order to establish a sustainable microalgae bioenergy production there are some requirements that 
need to be satisfied. The concept of sustainable development was defined in the Brundtland 
Commission of the United Nations in 1987: “as a “development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs.” (United Nations 
General Assembly, 1987) Following this definition these are requirements that need to be satisfied to 
reach a sustainable algae production: 
 
 Green Gases emission balance should be ensured during the production process.  
 Microalgae production cannot destroy the self cleaning capacity of local plants and soil. 
 Microalgae production cannot endanger the food supply. 
 Microalgae production does not impact on biodiversity. 
 Maintaining and improving local soil quality 
 Maintaining and improving local water resources and prohibiting excessive consumption of 

ground water and surface water resources 
 Maintaining and improving the air quality 
 Algae production can promote local economic and social prosperity, increasing employment 

opportunities. 
 Microalgae Production Companies should respect the benefits of employers and local people. 

2. Purpose and Methodology 

The purpose of this thesis is to analyze the feasibility, reliability and sustainability of microalgae as a 
new biomass feedstock. What kind of benefits can be brought from microalgae bioenergy? What are 
the potential restrictions that can hinder the development of microalgae biofuel? Does microalgae as a 
new biofuel feedstock conform the requirements of sustainability from cultivation process to the final 
industrialization? 
 
To pursue this purpose: microalgae production technologies was studied. Also a comparison between 
microalgae and other biofuel feedstocks was made. For achieving the large scale microalgae energy 
production, the requirements of industrialization and sustainability of microalgae energy were analysed. 
The SWOT analysis is made to summarize the strengths and weaknesses of microalgae in the 
sustainability angle. A Life Cycle Assessment of energy balance in microalgae production is made to 
analyse the sustainability of energy input and output. The relationship of production cost and the prices 
between microalgae biofuel and petroleum were analysed in economic aspect, as well as a short review 

http://en.wikipedia.org/wiki/Brundtland_Commission
http://en.wikipedia.org/wiki/Brundtland_Commission
http://en.wikipedia.org/wiki/United_Nations
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of the current development of microalgae in the U.S., China and Sweden. The challenges and future 
perspective of microalgae bioenergy are concluded.  
 
The study is based on literature review. Literature review as an indispensable method has been used to 
carry out this study. The whole report is based on various sources that were mainly published from 
1973 to 2012. For instance, published book, international association reports, academic thesis and other 
literatures published by institution or international organizations that have been used in this report 
provide a basic aid for gaining a general acquaintance with the characteristics of microalgae and its 
production technologies involved, while the comparation data relate to oil yield and land use of 
different biomass feedstocks can be seen from published literatures, as well as the data of the world 
liquid energy production and consumption from 2006 to 2035 used official statistics that conducted by 
international organization.  

Limitations of this study and methodology 

Since the microalgae is a new biomass feedstock that have not achieve commercial scale production in 
the world yet, there is not enough literatures about sustainability in industrial microalgae production 
can be used, being one of the limitations in this thesis. Besides, there are not many LCA analyses relate 
to environmental impacts of microalgae have been made, so whether microalgae production could 
influence on the environment cannot be confirmed, which could be another limitation in this paper. 

3. Concepts of Biomass Energy and Algae 

Biomass energy sources have three generations development steps. The first generation biofuel 
feedstocks derived from food crops, such as sugarcane, corn and wheat. Rice straw and switch grass as 
sorts of non-food raw materials become the second generation biofuel feedstocks. The third generation 
biofuel feedstock is algae (especially microalgae). Algae will probably play an increasing role in the 
sustainable energy use field in the near future (Patil and Tran, 2008). 
 
Algae are the oldest plant living in the freshwater, saline and even sewage. There are around 2100 
general (Wu et al, 2007), 27000 species of algae living in the world (Ozkurt, 2009). The lipid and 
protein which are contained within the algae cells are higher than other terrestrial plants. It can produce 
biomass energy only by using sunlight, water and CO2. Algae have short growth period (2-6 days 
breeding one generation), high efficiency photosynthesis, and it does not occupy land. (Wu, 2007) 
Algae can be simply divided into macroalgae and microalgae. Macroalgae include brown algae, red 
algae and green seaweed. Chlorella, spirulina, and green algae belong to the Microalgae (Demirbas, 
2010). There are more than 20,000 kinds of microalgae found in the marine and fresh water 
environment. However, only few kind of microalgae have been found for bioenergy conversion so far 
. 
Compared with macroalgae, microalgae have greater advantages such as simple structures, fast growth 
rate and high oil content and so on. Therefore most of the industrial companies prefer to use microalgae 
as the feedstocks to produce biomass energy (Richmond, 2004 a) 
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3.1. Microalgae 

Microalgae refer to small size algae which shape can only be seen under the microscope. Microalgae 
are the main primary producers in the aquatic ecosystem (Becker, 2004). Chlorella, spirulina and 
Nitzschia as the main microalgae sources are usually used to produce biofuel (Chisti, 2007). They are 
sort of single primitive cell organism with high photosynthesis capability. The growth period is short, 
and the cell doubling time of microalgae is only 1-4 days. Microalgae which contain at least 30% lipids 
in the microalgae cell have possible to be used to convent biofuel. Through photosynthesis, microalgae 
can absorb large amounts of CO2 to produce sugars and oxygen. The photosynthesis reaction equation 
as follow:   

6CO2 + 6H2O + sunlight energy →C6H12O6 (sugars) + 6O2  
Then sugars can convert to lipids, proteins and carbohydrates, which are as the materials can be 
converted to the biofuel (Field, et al., 1998).  
 
To sum up, the advantages of microalgae in energy production can be found in the following points:  

1. Microalgae have chlorophyll and other photosynthetic organs, which can do photosynthesis. So 
microalgae use the sunlight, H2O which contain in the microalgae cell and CO2 from the air to 
convert organic compounds which can be produced to the biofuel.  
2. The reproduction of microalgae is generally split type breeding, the cell cycle is relatively short, 
so it is easy to carry out large scale cultivation.  
3. Microalgae can be cultivated in the sea water, alkaline water and even waste water, so it is the 
significant method to produce bioenergy in the freshwater shortage areas and barren land areas 
(Gavrilescu and Chisti, 2005).  

4. Microalgae Cultivation 

Microalgae cultivation is the first production step in the energy production system. How to produce the 
best quality microalgae feedstocks is the main task in the cultivation process. According to the study of 
characteristic and function of microalgae, some scientific microalgae cultivation methods have been 
concluded. At present, the cultivation methods of the microalgae production are commonly using in 
these two ways: The open pond system and Close photo bioreactors system (Demirbas, 2010). 

4.1 The open pond system 

The open system is the oldest and the simplest way to cultivate microalgae. In principle, microalgae 
samples are put in an open pond with water; through the natural photosynthesis and inorganic nutrients 
to make it grows. The open pond is usually designed in the shape of raceway. It has a paddle wheel to 
mix and cycle the algae cell. Meanwhile, inorganic nutrients are added in the raceway. The open pond 
is deigned to a cycle mode, so the fresh feeds can be added from toward of the paddle wheel to the 
pond, and then microalgae can be harvested in the circulation process. CO2 needs to be added into 
water to supply microalgae growth. Meanwhile, the pH value of the water and other physical 
conditions should be controlled to ensure that 90% of the CO2 can be absorbed. (Richmond, 2004 b) 
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There is figure of an open pond system:  

 

Fig.1. The open pond system Source:(Demirbas, 2010) 

http://www.sciencedirect.com/science/article/pii/S0196890410002207  

 
Concrete is usually used to build raceway. However, sometimes, in order to decrease the investment 
cost, a pit is digged on the ground by cultivation farms directly. And then a plastic liner is spread inside 
the pit in order to prevent soil eroded by liquid. Most of the open pond systems are shallow ponds. The 
size of the raceway is about 15cm-30cm deep for letting enough sunlight radiates to the microalgae 
pond. In the microalgae cultivation process, in order to get the ideal microalgae products, water, 
necessary nutrients and CO2 are necessary conditions to be supplied to the pond. At the same time, O2 
has to be removed as well (Richmond, 2004). 
 
At present, there are only a few kinds of microalgae that can adapt to this cultivation environment to 
grow, such as Spirulina, Chlorella and Dunaliella (Liu et al., 2000). The advantages of open pond 
system are their simple structure, low cost and easy to operate. However the open pond cultivation is 
easy to be contaminated. So the unstable culture condition has to be considered.  

 

Picture 1: The pond microalgae production plant 

http://www.sciencedirect.com/science/article/pii/S0196890410002207
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Source:http://news.thomasnet.com/green_clean/2013/02/19/biofuel-from-algae-part-one-the-pros-and-cons-of-pon

d-scum/ (Tracey, 2013) 

4.2 Close Photo bioreactors System 

The close photobioreactor system offers a close environment to culture microalgae with technological 
equipments. There are different types of photobioreactors: for example, Fermentation tank 
photobioreactor, Tubular photobioreactor, Plate photobioreactor and so on (Liu et al., 2000). Among 
them, tubular photobioreactor system is the most suitable type for the both indoor and outdoor 
cultivation (Amin, 2009).  
The tubular reactor is built by using transparent pipes that are made of plastic or glass. Also, external 
lighting conditions need to be made to culture microalgae in the tubes that can be vertically, inclined 
and horizontally. As same as the open pond system, microalgae also need sunlight, water, CO2 and 
some fertilizers to let microalgae growth. When the close photobioreactors systems placed outdoor, 
natural sunlight can be used directly. But if these systems build indoor, artificial illuminations are 
needed. Because microalgae cannot absorb CO2 from the air in the enclosed photobioreactors, CO2 
need to be fed into the photobireactors. The photosynthesis of microalgae produced oxygen. Contrary 
to the open pond system, oxygen cannot release to the atmosphere from the close photobioreactor 
system. So the system should periodically remove exceed oxygen from the photobioreactors (Chisti, 
2007). 

 
Fig.2. A tubular photobioreactor with parallel run horizontal tubes.  

Source:http://www.sciencedirect.com/science/article/pii/S0196890410002207 (Demirbas, 2010)  

 

Compared with the open pond system, the close photobioreactor system has more stable culture 
conditions and high concentration of microalgae cultivation is easier to be carried out. The biomass 
productivity of close photobioreactors can average 13 times more than the open pond (Chisti, 2007). 
This method can be operated under sterile environment. However, the expensive investment costs are 
the biggest challenge of close photobioreactor system to achieve industrialization. After that, the 
microalgae need to be harvested from the pond or photobioreactors in further production processing. 

http://news.thomasnet.com/green_clean/2013/02/19/biofuel-from-algae-part-one-the-pros-and-cons-of-pond-scum/
http://news.thomasnet.com/green_clean/2013/02/19/biofuel-from-algae-part-one-the-pros-and-cons-of-pond-scum/
http://www.sciencedirect.com/science/article/pii/S0196890410002207
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Picture 2: Close photobioreactor system of microalgae cultivation 

source:http://www.j1000plan.org/FrontContent.aspx?FrontContentID=256 (Zhu, 2010) 

5. Microalgae Production Technology 

Microalgae production process is one of the main difficulties of the whole microalgae energy 
development. It can be divided to harvesting &oil extraction part and energy conversion part. 
Harvesting microalgae and oil extraction part have some difficulties due to the small diamters (3-30 μm) 
of microalgae cells and their high water content. So it is very difficult to collect microalgae from the 
cultivation equipments. The high harvesting cost which is the biggest problem in the microalgae 
production, occupying 20% - 30% of the total microalgae production cost. So choosing an efficient 
method with low cost is the core goal of the future microalgae technological development (Demirbas, 
2010). Energy conversion process is also the important part of the microalgae bioenergy production. 
Because energy conversion technologies directly decide on whether biofuel can be efficiently 
converted from microalgae. 

5.1 Harvesting of Microalgae 

The harvesting methods are not only depending on the microalgae species and microalgae cell density, 
but also rely on the different cultivate conditions. The cultivation conditions relate to climate.  The 
cultivate conditions relate to climate condition, Microalgae can be harvested by some feasible methods, 
such as centrifugation, membrane filtration, flocculation and froth flotation (Demirbas, 2010). 
Centrifugation and flocculation as two most commonly used methods. 
 
Centrifugation is a process by using centrifuge to sediment mixture by centrifugal force. Currently, 
centrifugation is the most widely used harvesting method in microalgae production. Heasman (2000) 
motioned that 9 kinds of microalgae have been harvested by controlling the flow rate to control the 
residence time of microalgae fluid in the centrifuge, which use centrifugation method. Moreover, the 
results have shown that recovery rate of microalgae is relate to settling character of microalgae, 
residence time and depth of settlement. In the suitable conditions, the recovery rate can be up to 95%. 

http://www.j1000plan.org/FrontContent.aspx?FrontContentID=256
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Even if the efficiency of centrifugation is high, the production cost is too expensive, so that this method 
is not the best method can be applied in the large scale production so far (Heasman et al., 2000). 
 
Flocculation is one of the famous chemical technologies in the microalgae harvesting. Because the 
particular sizes of microalgae cells are very small, by using flocculation, microalgae are gathered into 
larger size particles, thereafter by the effect of gravity, there will be sedimentation of them. Alum and 
ferric chloride as chemical flocculants are used to feed into the harvesting microalgae process. 
Sometimes, cationic coagulants are also suggested to add into the microalgae on account of the 
microalgae cell surface take negative charges. The high production cost of this technique lead to unable 
to large scale application (Zhang et al., 2012).   
 
However, until now, there is not a significant method that have been used in the middle or large scale 
production, and where both economic and technologic conditions can be satisfied at the same time. 
Therefore, harvesting process of microalgae needs to be improved and developed in future.  
 

Microalgae oil extraction 
Microalgae oil extraction is the following step of harvesting. Microalgae oil remains in the microalgae 
cell after drying. The microalgae oil is remained in the cell by the cell wall and cell membrane for 
stopping the oil release from the cell. The key point of oil extraction is to break the cell wall and cell 
membrane, and then let the oil release from the microalgae cells. Microalgae oil can be extracted by 
many methods. Chemical cool press method, Enzymatic Extraction and Supercritical Fluid Extraction 
are the common use methods in the microalgae oil extraction process. 
 
Chemical cool press technology is a relatively simple method in the industrial production. The 
principle is that dried microalgae feedstocks are directly pressed by mechanical machine with some 
chemical solvents to get microalgae oil. The function of chemical solvent (benzene, ether, and hexane) 
is to dissolve the cell wall in order to make oil release from microalgae cell. During the whole process, 
no heat energy is participation. 95% oil of the total oil content may probably be pressed from the 
microalgae cells using this method (Oilgae, 2013). 
 
Enzymatic Extraction refers to the use of enzyme to degrade the algae cell wall to extract oil. This 
method is much easier than others. Catalyst and methanol are added into the dried microalgae convert 
to methyl esters, which is the main content of bio-diesel. Because lipid bond of oil exist in the methyl 
esters, oil is extracted from the methyl esters (Mendes et al., 2003).  
 
Supercritical fluid refers to decrease the temperature to supercritical temperature: carbon dioxide has 
both gas and liquid forms that co-exist in the supercritical temperature. This supercritical fluid as 
organic solvent is permitted into microalgae cells to extract oil. The quality of algae lipid can be 
protected by the supercritical fluid in the extraction process at the low temperature. This method has 
been used in a small scale of biodiesel extraction. However, because of high production cost, it hasn’t 
been applied for the large scale biofuel production so far. (Couto et al., 2010) 
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5.2 Energy Conversion from microalgae to bioenergy 

The operating principle of microalgae energy conversion is that biomass materials are converted to 
biofuel energy by using chemical or biological methods. Thermochemical conversion and biochemical 
conversion as two main energy conversions are commonly used in the laboratory experiments and a 
few of industrial productions. 
 
The different kinds of bioenergy can be produced from microalgae by different techniques in the 
energy conversion processes. In order to understand the most suitable technical conversion method of 
microalgae, energy conversion must be studied. There are five commonly used techniques, which are 
gasification, liquefaction, pyrolysis, fermentation and transesterification. These techniques can be used 
to produce biogas, bio oil, biodiesel and bio ethanol from microalgae.  

 

 
Fig. 3: Energy conversion processes for biofuel production from microalgae 

5.2.1 Thermochemical Conversion 

Thermochemical conversion is a technique which refers to use chemical methods to convert biomass 
materials to biofuel under heating condition. It includes gasification, pyrolysis and liquefaction.  
 
Gasification describes a partial non catalytic oxidation reactions at high temperature condition 
(approximately 800-900℃) in which process the solid fuels are converted to the gas fuels. The main 
products include CO, H2, CH4, and ammonia that are converted by the presents of nitrogen (Shie et al., 
2004). However, currently in the microalgae energy conversion researches, low temperature catalytic 
gasification technology has been found. With this technique, biogas is extracted from microalgae with 
nitrogen cycling. Nitrogen cycling is a kind of recycling system along with the microalgae gasification 
reaction. Nitrogen in the microalgae can be converted to ammonia in the gasification process, so 
ammonia is dissolved in the recovered solution. The recovered solution which contains ammonia as 
nitrogen nutrient can be reused to cultivate microalgae. High moisture containing microalgae can be 
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gasified to methanol without drying (Minowa and Sawayama, 1999). By using gasification method, 
combustible gas is converted from microalgae with high utilization rate and this method has wide range 
of uses. 
 
Liquefaction in biomass production means that under the action of catalyst, the small molecule 
compounds are decomposed from macromolecules of biomass materials. Thereafter, small molecule 
compounds are polymerized to oil compounds. In the microalgae extraction process, microalgae cells 
are put into a stainless steel autoclave, then a reaction mixture is added and all of them are heated. 
Nitrogen is added into the autoclave for purifying residual gas. The autoclave is heated to get an 
appropriate temperature (525-600℃) for about 5-60 mins, then the autoclave is cooled by electric fan 
(Minowa, 1999). Dichloromethane (CH2Cl2) as an organic solvent is usually used in this reaction to 
separate water from microalgae and oil fraction. At the meantime, solid residues can be filtered by 
dichloromethane. The function of liquefaction in microalgae production is that using microalgae raw 
materials to produce bio-oil fuel, that can instead of petrol oil. 
  
Pyrolysis is a decomposition reaction at the high temperature without the presence of oxygen. In the 
microalgae energy conversion, pyrolysis is a Thermochemical process which converts biomass to 
biofuel. Biomass material is combusted in the non oxygen condition up to around 500℃. Then 
hydrocarbon-rich gas mixture, oil fraction and high carbon content solid residue were produced (Miao 
et al., 2004). Slow pyrolysis process and fast pyrolysis process are two main methods of pyrolysis 
technology. In the fast pyrolysis process, under the effect of catalyst, high heating rate and short gas 
residence time, biomass can be decomposed to the short chain molecules and then all the gases will be 
cooled down to the liquid fuel rapidly as biofuel directly. Because of operation theory of fast pyrolysis, 
fast pyrolysis process is recommended to be applied in the biofuel production (Miao et al., 2004). The 
reaction principle is that drying and grinding the biomass materials and then fills the materials into the 
reactor. After that, products flow into a cyclone for cooling and separating the final products (bio-oil, 
charcoal and gas). Some of gases can be recycled to the drying step, and other gases are reflowed to the 
reactor to supply heat energy for the heating process.    
 
Comparing with fast pyrolysis process, slow pyrolysis process has low heating rate and long gas 
residence time. It will cause oil yield reduction and influence on the properties of biofuel. Currently, 
slow pyrolysis process has rarely been used in the biofuel production.  

5.2.2 Biochemical 

Biochemical process means a process in which biochemical characteristics of biomass raw materials 
and the metabolism of microbial are used to produce gas fuel and liquid fuel. There are two common 
biochemical conversion methods can be used in the microalgae energy production as fermentation and 
transesterification methods. 
 
Fermentation refers to a process that converts sugar to gases and ethanol (alcohol) in the presence of 
yeast catalyst. Fermentation is widely applied in producing bio ethanol by sugar crops and starch crops 
(McKendry, 2003). Converting biofuel from the microalgae by using fermentation method is a practical 
approach as well. Microalgae contain rich amount of starch, which can be converted to sugar. The 
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production procedures can be shown as the following steps. In the first step, starch is extracted from the 
microalgae cells with the help of an enzyme or mechanical machine. The second step, when the 
microalgae cells begin to degrade, saccharomycess cerevisiae is added into the microalgae raw material 
for fermentation. Then ethanol and carbon dioxide will be produced. The reaction equations are:  
 
C12H22O11 (sucrose) → C6H12O6 (glucose) + C6H12O6 (fructose) ----- The first step 
 
C6H12O6 + yeast (catalyst) → 2C2H5OH (ethanol) + 2CO2 ↑   ------ The second step 
 
In the last step, liquid ethanol will be took out from the tank and pumped into another holding tank to 
be distilled. Carbon dioxide gas can be collected and reused for microalgae cultivation again (Demirbas, 
2010). 
 
Transesterification is an exchange reaction. With the presence of catalyst, an ester reacts with an 
alcohol to produce a new ester and a new alcohol. The catalyst can be an acid, a base or an enzyme 
(biocatalyst). Since this reaction is a reversible reaction, methanol should be added as an excess amount 
for achieving high conversions (Van Gerpen, 2004). The transesterification reaction is:  

 

Fig. 4, transesterification reaction equation (Darzins et al., 2010). 
 
Transesterification can be applied to produce biodiesel production from the microalgae. The first step is 
extract oil from the microalgae and then removes water from the oil by increasing temperature up to 
120℃ in 5-10 min. The removing of water is because that water can lead to saponification occurs when 
the ester bond of triglyceride is cracked. Then the second step is mixing process, in which the oil, 
sodium hydroxide (NaOH) and methanol are cooled and mixed. After that, the mixture is pooled into a 
catalyst tank to stirring. The product is sodium methoxide. The following step is to heat the clean oil to 
60 ℃ in 5 min, and then mix c            need 
to be well mixed for about 30 mins mechanically. And after that the mixture solution will be cooled 
and separated in the third step. The separation process should take around 15-60 min. After then, 
methyl ester floating on the top lay, and glycerol at the bottom lay. The last step is to wash and dry the 
methyl ester (biodiesel). (Amin, 2009) 
 
The characteristics of microalgae and their production processes with different techniques have been 
studied. Microalgae as the Third Generation Biofuel feedstock have been detailed understanding from 
cultivation to bioenergy production. After that, the advantages and disadvantages of microalgae 
compared with other biomass feedstocks need to be analysed. 
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6. Results  

6.1Comparation between microalgae and other biomass 

feedstocks 

Biofuel has been used for thousands of years. The original biofuel feedstocks are only woods and 
straws. They are only used for heating and cooking. With the advancement of technology, some sorts 
of food crops (corn, wheat) can be used to produce oil. These crops are known as the first generation 
Biofuel. After that, scientists found that bio ethanol and biomethane can be extracted from 
lignocellulosic matters as well. Since then, the second generation biofuel appeared. Microalgae as the 
raw material representative of the third generation biofuel are being recognized by people recently. 
Compared with The first and the second generation biofuel, what are the advantages and disadvantages 
of microalgae in the energy supply and energy production fields will be discussed in this section. 

6.1.1 The First generation biofuel 

Food crops as the main representative of the first generation biofuel have been widely used in biofuel 
industrial production. The raw materials can be divided into three categories which are sugar crops 
(sugar cane and sugar beet), starch crops (corn, wheat and sorghum) and oil crops (rapeseed, soybean 
and sunflower). All of these feedstocks can be converted to the biofuel by different techniques. For 
example, corn is one of the most common use feedstocks are widely grew in the U.S. and Brazil. (Sims 
and Taylor, 2008) The main product is bio-methanol which can be applied to replace a few part of 
gasoline in the world currently. But the development of the first generation biofuel is restrained by 
some problems. Planting crops have not only a longer growing cycle, but also demands large areas of 
arable land. As the first generation biofuel were produced in a large scale, so that a lot of arable land 
was occupied by this reason and resulting in a decreased food production problem. Therefore, solving 
“Energy Crisis” by food crops will increase “Food Crisis”  

 



 
 

13 

Picture3: The first generation biofuel crops. (a) Corn (b) wheat (c) oil-seed rape and (d) tropical oil palm 

(source: ec.europa.eu http://www.plantsystematics.org/). 

6.1.2 The Second Generation Biofuel   

The second generation biofuel are using lignocelluloses crops as raw materials to produce biofuel. 
Lignocelluloses exist in herbaceous plants and woody plants on the Earth, as well as all timbers and 
other crop wastes (switch grass). Since the production feasibility of the second generation biofuel has 
been tested, people hope this new biofuel feedstocks can be slowed down the food shortage and 
excessive land reclamation problems a bit. Even lignocelluloses feedstock can be replaced the food 
crops. But even if the lower the price of the second generation biofuel raw materials and high 
concentration of the cellulose contents are the advantages of the second generation biofuel, the 
production cost of second generation biofuel are much higher than the first generation biofuel. (Sims 
and Taylor, 2008) So the second generation biofuel have not been achieved commercial production yet. 
 

 
Picture 4: The second generation biofuel feedstocks. (a) Switchgrass (b) miscanthus (c)coppice willow (d) corn 

stover  and (e) wood chippings (source: ec.europa.eu). 

6.1.3 The Third Generation Biofuel 

The Third Generation biofuel feedstocks are aquatic microorganisms. Microalgae are leading 
development of the third generation biofuel. The advantages of microalgae are high carbon adsorption 
ability, high lipid contents, simple growth environment and short time growth. Among them, the lipid 
contents of microalgae are 25 to 200 times more than soybeans. (Chen, 2010) The extracted oil from 
microalgae can be made into biodiesel and its carbohydrate can be fermented to alcohol, as well as the 
nitrogen and phosphorus can be recycled as fertilizer. 
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Picture 5: The sample of microalgae (Chlorella)  

Source:http://www.npnutra.com/chlorella_details.html 

 
Compared with terrestrial plants, microalgae can save much more arable land and fresh water sources 
than other biofuel feedstocks. But the first generation biofuel (corn) have been achieved through the 
large scale production. In the opposite, the immature production techniques of microalgae bioenergy 
production, unknown environment impacts, are two of the challenges, which remained to be developed, 
to reach large scale production of microalgae biofuel.  
 
The microalgae oil yields and land demands of different biomass are showed by these two figures 
below: 
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Fig. 5: Comparison of oil yields from different biomass feedstocks (based on Schenk,et al. 2008) 
TAG = Triacylglycerols 
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Fig. 6:  Area which to produce global demand (based on Schenk et al. 2008) 
 
In these two figures, algae 50% TAG has been exampled. Algae 50% TAG means microalgae which 
contain 50% lipid contents and cultivating in the Close Photobioreactors system. The results of these 
two figures above showed that oil palm is the best feedstock of the first and second generation biofuel 
feedstocks, which has the highest oil yield and the lowest land use. Compared with oil palm, 50% oil 
content of microalgae can produce at least 10 times amount of oil palm, with only 1/160 use of land 
area. Much lower land use and high oil yield are thus important advantages of microalgae. 
According to the comparison results between microalgae and other biomass feedstocks, the main 
advantages of microalgae can be seen above. They are high oil yields and less land use. However, the 
biggest challenge has been shown that the large scale production of microalgae bioenergy has not been 
achieved. For solving this problem, the requirements of large scale production will be considered. 

6.2 The requirements of large scale microalgae production  

For realizing the goal of microalgae bioenergy industrialization, and in order to partially replace fossil 
fuel, how to carry out large scale microalgae production must be considered. The conditions of large 
scale production are more complicated than the experimental factories, which need stable source 
resources and can continuous supply. Climate condition, water resources, carbon dioxide, land and 
nutrients are main conditions that should be satisfied on the large scale microalgae production..  
 
● Climate condition  
Autotrophic microalgae need a low sunlight environment to be cultured. Intensive sunlight can restrain 
microalgae growth, even result in microalgae cell death. The solar radiation of ca.1500 kwh/m-2/yr is 
the most suitable condition for microalgae growth (Maxwell et al., 1985). Since microalgae live in the 
water, the air temperature has slight effect on the microalgae production. Water temperature which can 
be influenced by solar heating and evaporation cooling, it is important for the growth of microalgae. So 
once water temperature is changed by climate condition, it will take big impact on the microalgae grow 
rate. Research reviews showed that for making a suitable climate condition, the better average monthly 
temperature should not less than 15 ℃, and the climate change rat      xwell et 
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al., 1985). Therefore, dry tropical environment is the best region can supply for the large scale 
microalgae cultivation all the year around.  
 
● Water resources 
Large amounts of water resources are needed during the microalgae production. Therefore, the low cost 
water source is a critical problem on the commercial production. Fresh water need to be added into the 
pond to cultivate microalgae and to balance water evaporation, as well as cooling the photobioreactors 
in the closed cultivation system. Generally, the recommended approaches are (1) using seawater or 
saline groundwater to culture microalgae. The coast regions have enough sea water resources which 
have potential possibility to cultivate microalgae on large scale production. But saline groundwater 
needs to be per-treatment to remove some compositions which can restrain the microalgae growth. This 
pre-treatment process will increase the energy demand and production cost. (Darzins et al. 2010). (2) 
Recycling water can also be used for cultivation, it can reduce energy input and water source cost. 
However, the high concentration of harmful compositions (such as bacteria, viruses and some 
chemicals) contained in the recycling water can destroyed the microalgae cells.  
 
The possibility of microalgae cultivation in the water scarcity areas problem was discussed by some 
literatures. Kuang et al. (2005) mentioned that because microalgae can convert solar energy to 
hydrogen gas directly without consume water under the suitable conditions. This characteristic is 
totally different with terrestrial plants, the amount of water consumption of terrestrial plants during the 
photothesis are 200 -1000 times of the dry weight of their products. Therefore, microalgae are more 
suitable to be cultivated than terrestrial plants in water scarcity areas.  
 
● Carbon dioxide: high concentration of CO2 is needed to produce microalgae so that CO2 enriched 
environment is suitable for large scale microalgae production. The microalgae production factories 
should be built close to high CO2 emission places like nuclear power plant, chemical industrial 
factories, natural gas treatment factories and ammonia production factories etc.(Sam , 2009). 
 
● Land: seawater can be used to culture microalgae at the coastal region, so less land will be used than 
other feedstocks. If some open ponds need establish on the terrestrial land, flat land with no more than 
5% slopes could be the best choice. Otherwise, the installation of factory equipments and production 
cost will be influenced by land use. 
 
● Nutrients: fertilizers are very much needed to increase microalgae growth rate, such as nitrogen, 
potassium and phosphorus. Because each algae cell contains approximately 7% of nitrogen and 1% 
phosphorus. In small scale production, microalgae can absorb these nutrients from the water. But the 
amount of nutrients demand on large scale production is much more than small size production. For 
example, if all of the transport fuel would be replaced by microalgae fuel in the EU, it would need 
around 25 million tonnes of nitrogen and 4 million tonnes of phosphorus per year (Wijffels and 
Barbosa, 2010). In terms of present fertilizer production capacity of the EU, they will be not able to 
supply such a large amount of fertilizers to cultivate microalgae (Van Egmond et al., 2002).  
 
Exceed of using fertilizers can cause eutrophication and lead to environmental pollution problem at the 
sometime. One of the suggestions to solve this problem is using sewage which contains nitrogen, 
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potassium and phosphorus to cultivate microalgae (Lundquist, 2008). In addition, catalysts are used in 
the oil extraction process, catalysts as a sort of micronutrients should have stable sources to be supplied 
in the large scale microalgae production.  

6.3 Economics of microalgae bioenergy production 

Another important factor beside the listed above is economic concern. It is the vital important factor in 
commercial scale microalgae production. Cost of capacity depends on many factors of the whole 
microalgae production, such as oil contents, yield of microalgae, conversion cost, transportation cost 
and tax etc. Currently, the cost of microalgae oil is far more expensive than one of petroleum oil. For 
example, Chist (2007) estimated that the price of annual output 10,000 tons of microalgae which 
contain 30% lipid is $2.80/ liter (equal to 10.50/gallon) exclude conversion cost, marketing cost and tax. 
Meanwhile, the petroleum price is $3.80 - $4.5 per gallon in the Virginia in the U.S.  
 
The price of microalgae oil directly relates to the petroleum oil. There is a calculation equation can 
explain the relationship between algae oil and petroleum oil.  
 

C microalgae oil = 25.9 x 10 -3 ·C petroleum oil              (C = Cost) 
(The unit of microalgae oil cost is $/gallon, the unit of petroleum oil cost is $/barrel.)  
 
This equation resulted that for achieving competitive superiority of microalgae oil, the price of 
microalgae oil must be under $2.59/gallon if petroleum oil price at $ 100/barrel. Consequently, how to 
reduce the price of microalgae oil is the most difficult problem for the development of microalgae 
bioenergy.  
 
The energy cost input of microalgae 
 
Energy cost analysis can be used to evaluate the cost of microalgae production system, and help to find 
the main factors which occupied the most percentage of the production cost. Therefore, these data can 
be supplied to the future technology improvement. The data are based on laboratory scale production. 
There are two figures with four different scenarios show the production cost from cultivation to 
harvesting processes. Co-products cost and waste water treatment cost were excluded in these 
following figures.  
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Figure 7: The production cost in the open pond system (Raphael Slade & Ausilio Bauen, 2012) 

 
The base case systems and projected case systems are described in the Figure 7. Base case scenarios 
means using current technologies to achieve large scale production. The projected case scenarios 
assumed that increasing the productivity by using advanced approaches for achieving commercial 
production, e.g. CO2 was assumed to use flue gas, and nutrients come from waste water. The Low and 
high levels refer to the number of production days, low level was assumed to be 300 days per year, and 
high level was assumed to be 360 days per year.   
 
The base case production cost is between 1.6 €/kg to 1.8 €/kg, which can be seen in Fig.7. The 
projected case cost is between 0.3€/kg to 0.4€/kg. There are minor diffences between low and high 
levels. The rate difference is about 5%. Compared with base case, the cost of projected case decreased 
more than 50%. The data showed cost of CO2 is the most important factor that influnce the production 
cost in open pond system. The main reason is that open pond system has poor CO2 fixation. However, 
the projected case can reduce the cost of CO2 (app. 0.25€/kg ), because high productivity and CO2 
sources were assumed to come from an adjacent power plant ( free of charge ). The cost of fertilizer is 
another mian factor influncing the production cost. If microalgae production plant and a waste water 
treatment plant can be connected with each other, then the nutrients will befree of charge. 
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Figure 8: The production cost in the photobioreactors (PBRs) system (Raphael and Bauen, 2012) 

 
In the photobioreactors system, the base case cost is between 9 €/kg to 10.5 €/kg. The projected cost is 
around 3.8€/kg to 4.5€/kg. The cost of CO2 has a greatly reduction. The main reason is that the PBRs 
have better CO2 fixation performance than open pond system. However, due to PBRs system need 
large amount of electricity consumption to maintain the mechanical operation, the power cost took the 
largest piece of production cost in the PBRs system. Although the power cost of projected case is 
reduced 90% of the base case in the PBRs, the total production cost of PBRs (at least 3.8 €/kg) is much 
higher than the open pond system cost (at least 0.3€/kg).  
 
These analyses illustrate that no matter what kind of cultivation methods are used, reducing the 
production cost is a critical problem in the microalgae energy commercial production. Some new 
effective producing methods (using flue gas and waste water) would help to greatly reduce the 
production cost on the large scale production. 

6.3.1 An ideal large scale production of microalgae  

Combining all the requirements of large scale microalgae production above, the best solution scheme 
can be estimated as following example: 
 
Assume a feasible microalgae production factory has been established. This is an open pond system 
factory. The microalgae productivity is 60g/m2/day, and the oil content of microalgae is 60%. The 
factory is built in the dry tropic region with low rainfall, narrow temperature change, and sunlight 
duration no less than 340 days per year. Flat land had been chosen, soil is clay in order to avoid dipping 
pond liners step and save building cost. Seawater can be pumped to culture microalgae, and CO2 
source is close to the microalgae production factory, that is easy to transport flue gas which contains 
high concentration of CO2 into the pond. The residual of algae cake as animal feed can be sold, and it 
can get $300/ ton benefits. If this factory has 100ML (metric capacity unit) of facility can produce the 
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price of $0.63/liter biofuel, the IRR (Internal Rate of Return) will be 20% - 23% depending on 
co-products value. 
 
In addition, there is another recommendation introduced that the microalgae production factory can 
build nearby nuclear power station, the cooling water as water source can be used to culture microalgae. 
Cooling water come from seawater but the temperature is higher than seawater. It is suitable to grow 
microalgae. This method has both economic benefits between nuclear power station and algae 
production factory. It can save waste water treatment cost of nuclear power station even avoid cooling 
water pollute environment. Meanwhile algae production factory can cut down on the expensive water 
resource cost (Landgraf and Starzyk , 1987).  

6.4 Current Status of Microalgae bioenergy in some countries 

In November 2006, the U.S. Green Energy Technology Company and Arizona Public Service 
Company co-operate to establish a microalgae production system in Arizona State. Microalgae 
production system can be connected to the flue gas from electricity power plant which has 
1040-megawatt generating capacity. This business system is to use flue gas which contains carbon 
dioxide to culture microalgae in a large-scale and to convert microalgae to biofuel. The yield of biofuel 
reached 5,000-10,000 gallon per acre per year (Keune, 2012). 
 
In 2007, The National Energy Board of the United States launched “Mini-Manhattan Project”. The aim 
was to help the United States to get rid of the dilemma which was heavily dependent on imported oil 
from abroad. In 2010, The U.S. could achieve microalgae production industrialization and produced 
microalgae oil reached about millions of barrels per day (Keune, 2012). 
 
In 2010, the Department of Energy in the U.S. allocated $ 6 million funds to the Arizona State 
University to establish sustainable algal biofuel consortium (SABC). Also, $ 9 million U.S. dollars 
have been allocated to University of California (San Diego) from the Department of Energy for 
creating algae biofuel commercialization consortium (CABC). Cellana LLC consortium of 
Kailua-Kona and Hawaii have also gotten $ 9 million fund from the Department of Energy. The U.S. 
government strongly supported algae development on finance. 
 
The president Barack Obama has done a speech at the University of Miami. At that time, Obama said 
that the renewable energy positioning in 2012 is algae bioenergy. He declared that his government will 
invest $ 24 million in biofuel development, and claimed that “Whether you believe it or not, we can 
rely on the United States home-grown biofuel to replace 17% of imported petroleum fuels” (Keune, 
2012). 
 
China is also paying attention to the microalgae bioenergy development. In the large-scale microalgae 
cultivation field, Chinese Academy of Sciences has successfully developed a large “S” shaped pipe of 
closed photo biological reactor. In 2008, Shandong University of Science and Technology used the 
thermal power plant and chemical plant flue gas as sources of carbon dioxide to supply microalgae 
cultivation in the tower dimensional cultivation reactor. After then, mature microalgae are transferred 
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to energy conversion equipments to product bio-oil. This research results improved microalgae 
production technology.  
 
In 2010, the Chinese Academy of Sciences and China Petroleum Chemical Cooperation held a meeting 
about “Microalgae Biodiesel Technology Projects”.  Co-operate developing microalgae biodiesel 
technology had been decided in this meeting. Till now a pilot study has been done, and outdoor middle 
scale of microalgae energy plant will be established in 2015 (Wei, 2010). 
  
Hainan Greenbelt microalgae Biotechnology Company has been built a microalgae cultivation 
experimental base in Ledong County, the microalgae oil content can reach to 28% - 32% .This 
Company planned to invest $ 29.8 million to establish dry microalgae project in Hainan province. This 
project will have 30 million tons of annual production capacity of biodiesel (Li, 2009). 
  
The new Austrian technology company is brewing a huge plan. They invested to microalgae ecological 
base in the Daqi of Inner Mongolia. 280 hectares of microalgae base will be completed in 2013. 
Microalgae ecological base will be officially reached industrialization in 2014 (Li, 2009). 
 
In 2007, an algae production plant in the north part of Sweden was set to be built by Umeå Energi. This 
project is headed by Swedish University of Agricultural Science, and the development funding from 
Umeå Energi, Umeva AB, Ragn-Sells AB and Energi myndigheten. The project is focusing on the 
wastewater reclamation of algae production process, CO2 sequestration from flue gas, and Valuable 
algae biomass production. (Aylott, 2011). 
 
In September 6, 2011, the EU launched an algal bioenergy development action plan that will be set to 
the Algae Development Project (EnAlgae) during the next four years. This action focused on the 
growth and yield information of microalgae and giant algae which are growing in the North Western 
Europe. The National Non-Food Crops Centre (NNFCC) in the U.K. and a number of major EU 
institutions participated in this project and provided 14 million euro funds. 

6.5 Sustainability  

Life Cycle Assessment is a useful way to be usually used to analyse the environmental impacts of a 
product or a set of production system from manufactory, usage stages to final recycling stage. 
Environmental impacts include energy use, resources consumption and pollutant emission (Rebitzera et 
al. 2004). In this part, a Life Cycle Assessment was made to evaluate environmental impacts as well as 
energy recycling of the microalgae bioenergy. In addition, in order to understand the advantages and 
disadvantages of microalgae biofuel production under the premise of sustainable development, a short 
SWOT analysis will be made in this section. 
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Figure 9: Life Cycle Analysis of microalgae bioenergy 
 
Here is the life cycle perspective of microalgae, which presented “cradle to cradle” concept is 
applicable to microalgae production and consumption system. Microalgae are cultivated into the pond 
or PBRS with water, relying on sunlight, CO2 and nutrients (N, P and K) to grow. Meanwhile, O2 and 
excess CO2 will be released into the air. Microalgae will be transported to the next stage which is 
harvesting & oil extraction process. Electricity is needed to supply electric power to the machines in 
this stage. After harvesting, dry microalgae are produced, and then microalgae oil will be extracted 
from dry microalgae in the oil extraction process. Residues (algae cakes) from oil extraction can be 
used as co-production to sell, as well as waste water is assumed to be recycled. Bioenergy will be 
produced in the energy conversion process, there are some related machines consuming electricity. 
Thereafter, bioenergy will be sold to the traffic tools (cars) holders. Through biofuel combustion, tail 
gases which contain high concentration of CO2 will be release from the traffic tools to the atmosphere. 
The CO2 from automobile exhaust and excess CO2 from cultivation stage combine with existing CO2 
in the air can be formed to new CO2 source to feed microalgae.  
 
Clarens et al. (2010) and Lardon et al. (2009) published their own Life Cycle Assessments (LCA) 
reports to analyze the sustainability of microalgae production system. Clarens et al. (2010) based on the 
boundary of “cradle to farm gate”, which means that from cultivation to biofuel generation. This report 
mentioned that less arable land is used in the microalgae cultivation and eutrophication. And biofuel 
outputs of microalgae are much higher than other terrestrial crops. However, microalgae need more 
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energy consumption and water resource than other biomass feedstocks. Beside, during the production 
process, some of green gas emission may lead to environmental pollution if these waste gases could not 
be reused better. This is the drawback in sustainability. The LCA of Lardon et al. (2009) based on the 
“cradle to fuel combustion” boundary which means that “from cultivation process to biofuel use 
process”. The analyzed results of Lardon showed that the superiority of microalgae cultivation is less 
land usage than terrestrial crops. But the negative view from Lardon et al. (2009) showed that 
microalgae cultivation process need to use more fertilizer (nitrogen and phosphorus) than other 
bio-feedstocks, only if the excess nitrogen and phosphorus can be recycled better.  
 
The National Academy of Science of The U.S. published some data relating to sustainability of 
microalgae industrialization. They reported that in order to produce 1 liter of microalgae biofuel, 3.15 – 
3.65 liter of water is needed. In the commercial scale production, 123 billion liters of water can 
produce 39 billion liters algae fuel. Thus, a large amount of water will be consumed in the microalgae 
production, if manufacturers used fresh water. In addition, much more fertilizers would be used in 
microalgae production than any other biomass. (Stecker, 2013) 
 
Christi (2008) claims that microalgae as a new sustainable feedstock is the best choice than all the other 
biomass feedstocks, having the possibility to replace petroleum in future, because it need less land. 
Christi thinks that there is no condition more important than the point of less land use in the LCA. .  
 
To sum up the arguments above, I agree with Christi (2008)’s opinion. Until now, research and 
development of microalgae biofuel is still in its infancy. There are many technical problems and 
experiences of the industrialization will be solved and advanced. For example, excess Fertilizers usage 
problem will be solved with the development of technology. Increasing the recycling rate of nitrogen 
and phosphorus, leftover fertilizers remained in the water. This “polluted water” can be reused to 
culture algae according to the characteristic of microalgae growth environment. By doing this, the 
impact from fertilizers can be optimized. In addition, in the goal of sustainable development, the main 
concern is the life cycle of elements. Shorter life cycle product is more sustainable than the longer life 
cycle product. Microalgae have the shortest life cycle in all the biomass feedstock with the growth 
period 2-6 day only. In this point, microalgae are better than food crops which need around 90 day per 
harvest season. (Chen Fan , 2010)  
In the microalgae cultivation process, microalgae can absorb CO2 and release O2 because of 
photosynthesis. Additionally, manufacturer need add more CO2 into the cultivation pond for increasing 
yields of microalgae. Some of CO2 can be absorbed, but a few amount of waste CO2 will release to the 
air. This means that the input of CO2 should be much lower than output of CO2. If excess CO2 can be 
collected and recycled, this problem can also be alleviated. All of these difficulties are not insoluble 
problems. 
 
According to the analysis of sustainability of microalgae, a SWOT analysis has been made: 
Strengths 
 
● Microalgae have short growth period only 1-4 
days and high oil yield (at least 30% lipid 
contents). 

Weaknesses 
 
● Difficult to find one kind of perfect microalgae 
with high lipid content that is easy to harvest and 
cost effective from more than 20,000 kinds of 
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● Microalgae consume CO2 and release O2 in the 
cultivation process. 
● Microalgae cultivation don’t require arable 
land, and it can be grown on waste water. 
● Microalgae can be produced to different 
biofuel, like biogas, bio-oil, and biodiesel. 
 
 

microalgae. 
● There are few of commercial microalgae 
production companies. 
● Environmental impacts are uncertain caused by 
less Life Cycle Assessment have been made. 
● Lack governmental policy support. 

Opportunities 
 
● There are possibilities to produce higher value 
bioenergy products for industrialization.  
● The technique difficulties have possibility to be 
solved in near future. This will help microalgae to 
accelerate the commercialization process.  
● If using other industrial plants waste gases as 
CO2 sources of microalgae, the environmental 
pollution could be minimized, and even saving a 
part of CO2 source cost.  
 
 

Threats 
 
● If the investment cost and production cost of 
microalgae could not be decreased, microalgae 
biofuel still have difficulty to compete with 
gasoline in price. 
● Market acceptance is still unclear. 
● Competition from other new biomass 
feedstocks which may be found in near future, 
such as shale oil, bacteria and so on.  
 
 

Table 1: A SWOT analysis for Microalgae  

6.6 Challenges and future development of microalgae energy 

Although microalgae biofuel has many advantages and it has potential benefits to replace fossil fuel in 
near future, some challenges are influence on the algae biofuel commercialize 
 
● Decreasing the production cost of microalgae cultivation is the central challenge of microalgae 
bioenergy development. High production cost is a problem that goes throughout microalgae cultivation 
to microalgae harvesting. Such as the cost of initial investment in building pond and buying 
equipments are huge. Because microalgae growth needs to be processed with a relatively high level of 
cultivation conditions, such as CO2 and fertilizer which supply nutrients to microalgae are necessary 
requests will increase the production cost in the microalgae culture process. Also, before microalgae 
energy conversion, wet algae feedstocks need to be dewatered. The cost of specific equipments is 
expensive. As mentioned above, algae harvesting is the most expensive process in the algae production. 
The issue about how to decrease harvesting cost determines the possibility of the whole cost reduction. 
 
● Environmental impacts from the microalgae production and waste treatment are another two 
important challenges. Microalgae as sustainable bioenergy feedstock, have impacts on the environment, 
For example, in the pyrolysis process of microalgae biofuel, the technology of recycling and reusing 
solid, liquid and gas is not advanced enough. Since fertilizers need to be added into the microalgae 
culturing pond, culturing water as leftover which contains nitrogen and  phosphorus that need to be  
treated after harvesting algae. There is no the best solution to recycle this left water so far. If 
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microalgae production was in a large scale, the discharge amount of waste water will lead to serious 
impacts on the environment. 
 
● Other technological challenges such as microalgae seed selection problem, increasing the oil content 
of microalgae and efficient oil extraction method are still waiting to be solved. 
 
If these difficult points above could be improved, microalgae bioenergy could have potential benefits 
as alternative to fossil fuel in future. Governments should make new policies to support the 
development of microalgae energy. To modify the existing policies, encouraging coastal areas to 
develop biomass energy and providing convenience conditions for microalgae companies are needed in 
future.  
 
The two figures below show the energy consumption and production in different countries and 
different energy production from 2006 to 2030: 

 
Fig. 10: world Liquid Fuel Consumption 2006-2030 

(Source – EIA International Energy Outlook, 2009)  
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Fig. 11: World Production of Liquid Fuels 2008- 2035 (million barrels per day) 

(Source – EIA International Energy Outlook, 2011) 

 

, The world consumption of liquid oil in the will dramatically increase in the near future, especially in 
non-OECD Asia. Secondly, by the end of year 2035, biofuel as a product of liquid oil will be taking a 
large percentage of all liquid fuels production. Microalgae as the third generation biofuel will 
contribute more positive energy to the energy markets in the foreseeable future. 
 
EnAlgae project planned to build more than one pilot scale seaweed plantations and microalgae 
farming equipment and to provide important information about growth situation of algae and yield 
assessment. Research results will be contributed to estimate the economic benefits of algae biofuel 
development and to predict the level of greenhouse gas emission produced by algae production in the 
northwest Europe. Though computer simulation to provide suggestions to decision-makers and algae 
manufacturers. (Aylott, 2011)  

7. Discussion and Conclusion 

This literature study on researching the feasibility, reliability and sustainability of microalgae as a kind 
of bioenergy feedstock, which can be widely used in commercialization, was done. The analysis shows 
that microalgae as a new biomass feedstock have potential benefit on the bioenergy production. The 
high oil yields and less land use are the main advantages of microalgae. However, to achieve 
large-scale industrial production, many difficult problems have to be solved and improved. Microalgae 
production is a complex engineering system, in which a multi-disciplinary, multi-field and huge 
investment cost are necessarily involved. Currently, the large sets of technologies are lacking, 
large-scale production is not implemented yet and production costs are much higher than petroleum oil. 
Some technique problems such as microalgae species selection, the harvesting, concentrated 
microalgae, microalgae cell wall breaking and oil extraction must be improved. Solving those 
production technique problems, at the same time, reducing equipment investment costs and production 
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costs are considered as the more difficult challenges. The microalgae cultivation is the base of biofuel 
development, genetic engineering has to be developed in order to break through the microalgae oil 
content problem and growth rate problem to establish a new sustainable renewable energy. 
 
Algae energy development is not only needed to breakthrough in technical issues, but also to reduce 
costs in production process. Only in this way, the microalgae energy will have more advantages 
compared with petroleum. The reason why today's society strongly advocates to the development of 
new energy is not only to consider the environmental protection problems, but there are also strategic 
considerations. Conflicts connected to existence of petroleum crude oil in the Middle East region,  
have been several (Gulf War and twice The IraqWar).. Recently, many countries (such as Japan, China, 
The U.S., Russia, and Southeast Asia countries etc.) have began to the successively develop undersea 
energy, and that resulting with oceans disputes (South China sea dispute between China and 
Philippines, The diaoyu Islands dispute between China and Japan, and Four Northern Islands dispute 
between Japan and Russia) emerging and intensified around the world. (Chinese Academy of Social 
Sciences, 2009) The emergence of home-made new energy can help us get rid of these problems. 
Microalgae do not need to occupy the land and can be sewage farmed. These characteristics of algae 
are the facts encouraging us to have domestic self-production in the almost every country. So that 
imports dependence on petroleum oil can be greatly reduced, thereby reducing the chances of resource 
plundering war in the world.  
 
Undeniably, algae energy has some bottleneck problems that remain to be studied. Due to the absence 
of large-scale production, the levels of environmental impacts of microalgae production are still 
unknown. But microalgae have ability to help us alleviate the food crisis, oil shortage problems, and to 
avoid some of the wars and disputes which happened by energy resources. As technology continues to 
be progressed and algae production industrialization continues to be improved, microalgae energy as 
the third generation biofuel will contribute their own strength to relieve the tense situation of resources. 
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