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Background
[bookmark: _GoBack]Algae refer to a group of aquatic organisms which can photosynthesize (Chapman, 2010). Algae have two forms of chlorophyll pigment to facilitate the process of photosynthesis, and any sterile cover does not protect their reproductive cell. The algae can be single-celled or a multicellular organism. Unicellular algae are mostly found in water. The multicellular algae do not have leaves, roots and true stems like in the case of a more complex organism. The cell walls of these organisms are primarily made of cellulose.  Most of them are autotrophic. Other algae have pectin which gives them a slimy feel. The most common habitats for algae are freshwater, saltwater and on the surface of moist rocks. 
There are over 7000 species of algae that grow in various habitats (Chapman, 2010). Algae fall under kingdom Plantae and Protista and are classified into seven divisions. Many types of algae are photoautotrophic while a few species are chemotrophic since they lack the chlorophyll pigment, as such, they rely on chemical reactions to obtain energy. The process of reproduction among algae occurs through sexual and asexual forms. In sexual reproduction of algae, algae form differentiated sex cells which fuse to reproduce a zygote. The zygote develops under favorable conditions to reform a haploid organism. For the case of asexual reproduction in algae, filamentous and colonial algae are fragmented to reproduce. Alternatively, asexual reproduction occurs through spore formation. (Chapman, 2010) Algae can be divided into seven distinct types each having its distinct color, size, and applicable functions. The types of algae include; Euglenophyta (Euglenoids), Chrysophyta (Golden-brown algae and Diatoms), Pyrrophyta (Fire algae), Chlorophyta (Green algae), Rhodophyta (Red algae) Phaeophyta (Brown algae) and Xanthophyta (Yellow-green algae). 
Types of Algae Used for Biofuels
Biofuels are types of fuels that are generated from biomass. The formation of biofuels does not involve geological fuels such as fossil fuel. Algae can be used to produce biobutanol, methanol, ethanol, biogasoline and other types of fuels (Hochman, Trachtenberg & Zilberman, 2014). Species of algae that are used in biofuels production are; Green Algae, Brown Algae, Red Algae, Microalgae, Macroalgae, and Cyanobacteria. In this paper, types of algae used in biofuel production are discussed in detail. 
Green Algae
Green algae refer to a group of algae that fall under the division Chlorophyta and Charophyta ("Golden Algae, Yellow-green Algae, Diatoms", 2018). The number of algae species in this division ranges between 9000 and 12,000. Green algae have photosynthetic pigments with the same proportions as those in higher plants. The cells of green algae which can be either motile or non-motile have a vacuole at the center. Additionally, green algae store their food in the form of starch inside proteinaceous locates in their plastids. Green algae vary in shape and size and include Chlamydomonas, Hydrodictyon, Volvox and desmid. 
Sexual reproduction in gametes with four or two flagella is common while asexual reproduction in green algae occurs through cell division, spore formation, and fragmentation. The habitat of most green algae is in freshwater bodies. They are also found in rocks or woods submerged in water which is stagnant. Some green also occurs on the terrestrial and marine environment. Green algae are commonly used to conduct evolutionary research apart from the production of biofuels.
Brown Algae
The brown algae are a group of multicellular algae that fall under class Phaeophyceae. Majority of brown algae species are found in the northern hemisphere. Four membranes surround the chloroplast of brown algae.  The presence of Fucoxanthin pigment in brown algae is responsible for the green-brown color that distinguishes this group of algae from the rest (Silberfeld, Rousseau & Reviers, 2014).  The algae live in marine ecosystems and play different niches in the food chain. On average around 1,500 to 2,000 species of brown algae are known worldwide. Brown algae have different commercial use throughout the world because of extensive research conducted on its strains. Brown algae have different sizes in which the smallest have cells that are thread-like, they are also tiny, and their length is a few centimeters. The body of brown algae is described as thallus. 
Red Algae
Red algae are known as the Rhodophyta form part of the eukaryotic group of algae. The red algae are made of at least 7000 species that are currently recognized in the taxonomic naming system (GarcÃ­a-JimÃ©nez & Robaina, 2015). Majority of red algae species are found in class Florideophyceae which are mostly found in the marine environment and are multicellular. About 5 % of red algae are found in freshwater bodies while a more significant percentage are located in warm areas (GarcÃ­a-JimÃ©nez & Robaina, 2015). Currently, there are no red algae species that have been found to habitat in the terrestrial ecosystem. Distinguishing features of the red algae include the absence of endoplasmic reticulum.
Additionally, the red color they possess is a result of utilizing phycobiliproteins as pigments. Fertilization of red algae is mainly dependent on the water currents to facilitate transportation of gametes. The life cycle of the red algae involves alternation of generations. Some species of the red algae are used as a source of food in different regions of the world like Korea and Britain.
Microalgae
Microalgae alternatively known as microphytes refers to a group of algae that are microscopic. Microalgae are majorly located in the marine ecosystems and freshwater environment. The microalgae are unicellular and have several features that distinguish them from higher plants. Lack of roots leaves and stems in the microalgae species has enabled them to be highly adapted to an environment that has viscous forces. The species in this group of algae have the potential to carry out photosynthesis. The microalgae also play an important role in carbon sequestration process because they absorb carbon iv oxide to grow by the process of photoautotrophic. Although millions of these species are believed to exist only an approximate of 50,000 species have been sufficiently described and classified in the taxonomic units (Spolaore, Joannis-Cassan, Duran & Isambert, 2006). Microalgae can produce; polymers, fatty acids, peptides, and toxins. The primary application of microalgae species is in the aquaculture industry where they are used commercially. 
Macroalgae
Seaweed is the other name for macroalgae; this is a group of macroscopic algae. The marine environment is their primary habitat. The macroalgae species include some red, brown and green algae. The ecology of seaweeds has two main requirements which are; seawater and optimal light to carry out the process of photosynthesis. The group species also need to have a firm support base, but not all species require this because they float freely.  The appearance of seaweed resembles that of non-arboreal terrestrial plants. Seaweeds have a wide range of applications such as food, medical usage, crops fertilization, and filtration. The negative environmental impact of macroalgae is that it has the potential of producing highly toxic gases such as hydrogen sulfide when rotten. 
Cyanobacteria
Cyanobacteria also are known as Cyanophyta is a group of bacterial organisms that live in the aquatic and terrestrial environment and are photosynthetic. They are tiny and are usually unicellular and grow in colonies making them conspicuous. Other distinctive features of cyanobacteria are that they are the only prokaryotes that produce oxygen as by-products. Cyanobacteria have internal membranes. Some of the Cyanobacteria are categorized as nitrogen-fixing bacteria under anaerobic conditions. Scientific research indicates that in the future, there will be an increase of Cyanobacteria in the aquatic environment. The industrial application of Cyanobacteria is in the field of biotechnology, nutrition, and dietetics among others. 
Algae Cultivation Systems
Algae can be cultivated in two ways. The method of cultivation can in closed systems or open systems. Separation of the algae from the atmosphere is the central aspect that causes a difference in the two ways. The choice of the cultivation method determines the environmental effect the algae will pose to the environment and how the growth rate will be controlled. Both open and closed systems have their challenges and benefits. 
Open Systems
Open algae cultivation systems involve the use of open ponds. The structure of the pond is a depth of at most 30cm and a flat bottom. The ponds used in open systems are usually constructed circularly. The system is made of paddle wheels which are used to create motion to enable intermixing of the cultivated algae (Dufour, Moreno & Rodríguez, 2011). In open systems, grown algae are capable of carrying out photosynthesis because they are exposed to the sun. The algae also form biomass. Ponds used in open systems can either be natural or artificial. The most common are the artificial pond; this is systems that are constructed by humans and in most cases, emulate the circular shape of the raceway. The advantage of artificial systems is that most factors such as nutrients, water and algae are regulated. Other benefits of open systems are; the cost of setting-up is relatively lower. The disadvantage of open systems includes; the risks of contamination and invasion are high and a higher rate of evaporation as compared to closed systems.  
Some factors are considered before construction of an extensive cultivation system. Weather and climatic factors such as temperature are essential when setting up the open systems pond. The optimum temperature for cultivation is about 15 o C. Temperature higher or lower than this creates an unfavorable environment for the growth of the algae. Other factors include; the presence of competing organisms in the pond and the intensity of sunlight. The light intensity from the sun is essential for photosynthesis, but on the same note, if it exceeds the normal range, it will lead to evaporation in the pond, thus destroying the habitat of the cultivated algae.
Closed Systems  
The cultivation of algae in closed systems is carried out in sealed containers. The cultivated algae do not have contact with the atmosphere as in the case of open systems. Closed systems are also referred to as photobioreactors (PBR). Closed systems also exist in different sizes and types. Apart from reactors, other types of closed systems include; coils and bags. In closed systems, the environment is manipulated depending with the algae species requirements. All requirements such as carbon monoxide, light intensity, and pH are controlled. The productivity regarding yield is easily achieved for the case of closed systems because of the controlled requirements which are always adjusted to the optimum level.  
The advantage of utilizing closed systems is the production of high-quality algal culture. The high quality is because of a controlled environment which ensures there is a minimum invasion of the system by contaminants. Also, food grade biomass can be harvested from a closed system. The main disadvantage of closed systems is the cost of establishing the systems. It is also compulsory to understand the operations standards of setting the variables in the order. Factors to be considered when building a closed system include; the required capacity, the carbon dioxide diffusion rate and system cover.
Harvesting Methods
Algae solutions can be harvested using several methods. Most commonly used methods include; sedimentation, membrane separation, flocculation, flotation, and centrifugation. In sedimentation, the algae cultivation is first agitated before it settles and the densifies. The second method, membrane filtration involves the use of a funnel with a filter onto which the contents are poured and allowed to dry. The process is appropriate for harvesting microalgae. Flocculation method involves the addition of chemical substances into the algae solution leading to the formation of algal colloids which is then separated from the mixture.  
Converting algae to fuel
The use of algae as a source of biofuel has more benefits as compared to the non-renewable energy resources. The primary advantage of using algae as a source of biofuel is because of the environmental benefits associated with its usage. Technological advancement has led to the development of various techniques of converting algae to fuel. Bioethanol and biodiesel are the two major types of fuels that are formed from algae. In this section of the paper, thermochemical and biochemical conversion techniques of converting algae to fuel will be assessed. 
Thermochemical Conversion
Thermochemical conversion of algae to fuels can be carried out through algal pyrolysis, torrefaction, gasification or algae hydrothermal liquefaction. The process of algal pyrolysis occurs within a temperature range of between 400-600 oC without oxygen. Bio-crude oil with a complex chemical structure is obtained at various stages depending on preconditions of the process. The speed of the pyrolysis process can be either slow or fast. The gas produced during pyrolysis process is used to dry the algae paste, and carbon iv oxide is recovered for production. In algae, hydrothermal liquefaction the wet algae (biomass) is converted into liquid crude oil in the presence or absence of a catalyst. The process has an optimum requirement that is required to take place. The temperature and pressure of the surrounding environment should range between 280 0c to 370 0c and 10-25 Mpa respectively. Production of crude oil from algae through hydrothermal liquefaction has received a lot of attention because of the processability to carry out the conversion of both lipids and other organic compounds such as carbohydrates and proteins (Chiaramonti, Prussi, Buffi, Casini & Rizzo, 2015). Generally, thermochemical conversion of algae to fuels produces the following types of fuels; 
Biochemical Conversion
In the biochemical conversion of algae to fuels, there is a potential to avoid drying and extraction steps which is common in thermochemical conversion. The process involves the use of enzymes and microorganisms to break algae into liquid and gaseous fuels. The technologies that are mostly applied in this process include; fermentation and anaerobic ingestion are also known as bio-methanation. During anaerobic digestion, the algae are stabilized in the absence of air which transforms it into biogas and biofertilizer. The most common types of fuels produced using this process include; methanol, ethanol, biodiesel and hydrogen or methane which are gaseous fuels. Ethanol produced from the algae biomass undergo three significant steps which include; fermentation, pretreatment, and hydrolysis (Harun et al., 2013). Pretreatment of the biomass is followed by polysaccharides conversion into monomers such as xylose. The simple sugars undergo fermentation to produce ethanol using various organisms. 
Stephen Mayfield Lab Research
Stephen Mayfield is a director at the California center for biotechnology. His research has provided significant insight into the production of biofuels and therapeutic proteins. In the biotechnology department of the institution, algae are used to develop molecules which have been engineered to produce biofuels (Trentacoste et al., 2013). The research study by Dr. Stephen Mayfield aims at engineering the gene structures of algae to generate biofuels sustainably. Dr. Mayfield has studied algae for more than 30 years. The breakthrough to engineer therapeutic protein with the ability to kill cancerous cells motivated dr. Stephen to carry out further research on fuel production from algae. Since 2007, he helped in the establishment of various companies such as Sapphire energy which focusses on production and examination of algae-based biofuels.  
The future of algae in the United States
In the year 1978, the United States government through the department of energy launched the aquatic species program to investigate the utilization of algae in energy production. The launch marked the first and the most crucial step in examining the sustainability of algae biofuels. Currently, the globe is focusing on shifting toward the production of renewable energy. The negative environmental impacts attributed to non-renewable fuels has led to this shelf. The research faced several challenges that led to its stoppage. However, in the year 2007, the Energy Independence and Security Act were passed. Under this act, the increase in biofuel production in the united states is supposed to be increased at a significant rate. The legislation established a financial budget of around 125 million us dollars to research biofuel production in 2014. 
The department of energy created an office that advocates for renewable energy and has an organ known as Bioenergy technologies office (BETO). Through BETO some Algae Programs have been launched to research and enhance the viability of algae in biofuel production. The united state's administration has also established incentive programs to individuals and organizations that research on algae biofuels, this approach has increased the number of algae’s strains that are convertible to fuel in the united states. Utilization of wastewater in biofuel algae production has become a significant trend in the united states. For instance, the recent research by the University of Georgia under the department of agricultural engineering, manufacturing of microalgal biomass production from industrial water has been under study. 
Several non-governmental organizations have also delved into the use of algae in the production of biofuels. Such organizations include the National Algae Association (NAA) researches on the economic sustainability and technological aspects of algae biofuels production in the united states. Currently, the united states administration is focused on the use of renewable energy resources, in the next two decades, the use algae biofuels will be sustainable due to intense research that has been carried out in the sector.  
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