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 Microalgae are photosynthetic microorganism capable to produce biomass fraction 
such as lipids, proteins and carbohydrates. Microalgal biomass can be converted to 
biofuel such as bioethanol, biodiesel and biogas. Biofuel derived from microalgae 
considered as third generation of biofuel. Microalgal biomass can be converted to 
energy by biological or chemical methods. Carbohydrate-enriched microalgal biomass 
can be used for bioethanol raw material. Biomass with high carbohydrate content can 
be made by manipulating environment factors such as cultivation medium, nutrition 
limitation, light intensity, salt stress, and temperatures. Biofuel derived from 
microalgal can replace biofuel derived from terrestrial plants because microalgal 
biomass has a high caloric value, low viscosity, low density, and lack of lignin that make 
it easy for converting it into biofuel like bioethanol. 
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1. INTRODUCTION 
 
Energy is an ever-increasing needs of the user at the 

time of modern society. So, energy consumption is 
needed to help the advancement of technology in the 
world (Purnamasari et al, 2012). 

Increasing needs that use of fuel causing shortages 
and had to look for alternatives as a replacement, fuel 
from based fossil fuels is unrenewable so it can make 
crisis of the energy. Biofuels will be the answer to 
existing problems in sufficient energy from biomass that 
are potential to be made a bioethanol (Putnarubun et al., 
2012). 

Bioethanol is a renewable energy source that can be 
replace fossil energy, substance making of bioethanol 
with natural materials/ biomass by fermentation  
microorganisms to produced alcohol, It is usually mixed 
with gasoline to produce gasohol (khrisna et al, 2013) in 
Indonesia bioethanol needed requirement at 2015 
reached 35.250 tons / year (BPS, 2017). 

Process of making bioethanol consists of three 
generations, the first generation that are used food 
grade, the process is considered less promising because 
it will affect the food product and the price is relatively 
high. And then development using the second generation 
that is making bioethanol from biomass. biomass is 

enough and sufficient  in Indonesia (digilib.unila.ac.id), 
The last generation is based on microalgae, it’s more 
useful because microalgae had many carbohydrate 
based. 

 
 

2. DISCUSSION 
 

2.1 Bioethanol from microalgae 

Third generation bioethanol production from algae 
feedstock is an important renewable energy source 
(Chaudhary at al., 2014). One of the older 
microorganism live in earth is microalgae (Song et al. 
2008). Several types of microalgae are dinoflagellates, 
green algae, golden algae and diatoms. Light, 
temperature, nutrient content, pH, O2 and CO2 level, 
salinity and toxic chemicals  are several factors that 
affecting lipid and carbohydrate contents of microalgae 
(Jambo et al., 2016). Microalgae can grow really fast,,  
hundred time faster than land based-plants and it can 
double their biomass in less than one day (Tredici, 
2010). Microalgae protein, carbohydrate and lipid 
contents are varies by species. Most microalgae can 
content highly lipid, 70 % by weight of dry mass. 
Microalgae carbohydrate content is up to 50 % of dry 
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weight for some species, (i.e. scenedesmus, chlorella and 
chlamydomona) (Jambo et al., 2016). Microalgae with 
high content of carbohydrates can be used as carbon 
source for produce bioethanol (Harun et al., 2010; 
Radakovits et al., 2010). 

Some species of microalgae with high levels of 
carbohydrates and lipid (i.e. spirulina and porphyridium 
purpureum). It has been estimated that microalgae can 
produced bioethanol for around 5000-15,000 gal of 
ethanol/acre/year (Chaudhary at al., 2014). 

Production of bioethanol using microalgae as 
feedstock can be produce with this following procedure. 
First, released the starch from microalgae cell using 

mechanical equipment or an enzyme, then add yeast to 
the biomass for fermentation process. Final product 
from fermentation is bioethanol (Chaudhary at al., 
2014). 

 
2.2Microalgae species for bioethanol production 

In hydrolysis reaction, the carbohydrate hydrolyzed 
to fermentable sugar. The fermentable sugar will be 
converted to bioethanol in fermentation process. (Harun 
et al., 2010). The carbohydrate content for some 
microalgae species are show in Tables 1. 

 
 

Table 1. Carbohydrate Content of Some Microalgae Species 

Microalgae Species 
Carbohydrate content 

(% dry weight) 

Chlamydomonas rheinhardii 17 
Chlorella pyrenoidosa 26 
Chlorella sp. 19 
Chlorella vulgaris 12-17 
Chloroccum sp. 32.5 
Dunaliella bioculata 4 
Dunaliella salina 32 
Euglena gracilis 14-18 
Isochysis galbana 7.7-13.6 
Isochysis sp. 5.2-16.4 
Mychonastes afer 28.4 
Nannochloropsis oculata 8 
Porphyridium creuentum 40 
Prymnesium parvum 25-33 
Scenedesmus abundans 41 
Scenedesmus dimorphus 21-52 
Scenesdesmus obliquus 15-51.8 
Spirogyra sp. 33-64 
Synechoccus sp. 15 
Tetraselmis maculate 15 
Tetraselmis sp. 24 
Tetraselmis suecica 15-50 

References : Lam K. Man, 2015 

 
As show in Table 1, Porphyridium cruentum, 

Prymnesium parvum, Scenedesmus abundans, 
Scenedermus dimorphus, Scenesdesmus obliquus, 
Spirogyra sp., and Tetraselmis suecica are microalgae 
species that have high carbohydrate content and 
suitable for bioethanol production. It has been 

considered that carbohydrate content in dry weight of 
microalgae biomass (i.e. 21%-64%) is higher than 
carbohydrate content in lignocellulosic biomass(Lam K. 
Man et al., 2015) 

Table 2 represents the protein, carbohydrate 
and lipid content of some microalgae species.  

 
 

Table 2. Compositions of different species microalgae 
Microalgae species Compositions ( % weight dry basis) 

Protein Carbohydrate Lipid 
Chlamydomonas rheinhardii 48 17 21 
Chlorella vulgaris 41-58 12-17 10-22 
Porphyridium creuntum 28-39 40-57 9-14 
Prymnesium parvum 28-45 25-33 22-39 
Scenedesmus dimorphus 8-18 21-52 16-40 
Scenedesmus obliquus 50-56 10-17 12-14 

 
 
 
2.3 Bioethanol from microalgae 

There are two processes to producing bioethanol 
from microalgae, via dark fermentation or yeast 
fermentation. Dark fermentation occur when microalgae 

consuming its intracellular starch in anaerobic 
condition. Yeast fermentation is using yeast metabolism 
to convert monomer glucose derived from starch to 
bioethanol (Gouveia. 2011). 
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2.4 Factors affecting carbohydrate content in 
microalgae biomass 

Known that some of microalgae strain could contain 
large amount of starch (>50% of dry weight), glycogen 
and starch, which are raw materials for bioethanol 
(Cuellar-Bermudeza et al. 2014). Spirogyra sp. and 
Porphyridium cruentum are some examples of 
microalgae species that have high innate carbohydrate 
content 33-64% and 40-57%, respectively (Harun et al. 
2010). Productivity is the key to enhance the economic 
feasibility of using microalgae carbohydrate for biofuel 
production. Accumulation of carbohydrate in microalgae 
usually occurs when the microalgae cells exposed to 
environmental stress (e.g. nutrients limitation) (Chen et 
al. 2013). Cultivation strategies that can enhanced the 
carbohydrate content of microalgae are irradiance, 
nitrogen depletion, temperature, pH, and CO2 (Chen et 
al. 2013). Not much different, Markou et al. (2012) also 
stated that environmental factor that could affecting 
carbohydrate content of microalgae are nutrient 
starvation, salt stress, light intensity, temperature, and 
metabolic mode. 

Nutrient limitation or starvation is practically 
feasible because it is easy to control the nutrient in the 
cultivation medium (Markou et al. 2011) and considered 
as an affordable strategy to produce rich carbohydrate 
microalgae (Dragone et al. 2011). Optimization of the 
limited nutrients is important to support adequate 
biomass composition and act as limiting factor to control 
the biomass production (Markou et al. 2012). Example, 
when C. vulgaris cultivation medium at phosphorus, 
nitrogen, or sulphur limiting conditions, the starch 
content increased 83, 50 and 33%, respectively 
(Douskova et al. 2008). 

Since microalgae is considered as photosynthetic 
organism, it’s important to supply sufficient light. 
Biomass composition and growth rate of microalgae can 
be affected by quality and quantity of the light. Growth 
rates of microalgae increase as the irradiance increase, 
up until light-saturation occur. Most of microalgae 
saturated under light flux 200–400 μmol photons 
m−2s−1. When increasing density of microalgae 
occurred and above level of biomass density, there will 
be deficient of photosynthesis process caused by self-
shading effect (Markou et al. 2012). But still the 
increasing of the light intensities can be considered 
resulting more carbohydrate content (Hu, 2004). Known 
that, there are synergistic connection between light and 
temperature affecting biomass composition (Markou et 
al. 2012). Temperature can affect the light inhibition and 
nutrition uptake. Increasing temperature to the 
optimum condition will improve microalgal growth 
rates, above the optimum condition the growth rates 
will decrease. Some reported research certain that 
biomass composition affected by temperature still 
contradiction (Markou, 2012). 

Microalgae can exist in elevated salinities due to their 
respond by accumulating intracellular low molecular 
weight carbohydrate as internal osmotica. The increase 
of carbohydrate content protect them from salt harms 
(Markou 2012; Warr et al 1985; Reed et al. 1984). 

2.5 Harvesting carbohydrate encriched microalgae 
biomass 

Common harvesting techniques are gravity 
sedimentation, filtration and micro screening, 
centrifugation, ultra-filtration, flotation, combined 
flocculation-flotation, electrolytic separation (Uduman 
et al. 2010). 

Properties of microalgae that must be considered 
when selecting harvest method are density, size, and 
value of the desired product (Brennan and Owende. 
2010). Example, Spirulina platensis with carbohydrate 
enriched biomass has bio-flocculation capability which 
make it easy to harvest (Markou et al. 2012) or with 
micro screen method that refer to cost and energy 
efficient (Brennan and Owende. 2010). 
 
2.6 Converting carbohydrate enriched microalgae 
biomass to bioethanol 

Biochemical conversion, chemical reaction, direct 
combustion, and thermodinamical conversion are 
several ways to convert microalgal biomass to energy 
feedstock for producing biodiesel and bioethanol 
(Dragone et al. 2010). Pre-treatment before converting 
carbohydrate into bioethanol could improve the 
conversion (Cheng et al. 2012). Another author, Harun 
(2010) said that it is essential to doing pre-treatment 
stage to release the complex carbohydrates to simple 
sugars before fermentation. 

Scarification is the rate limiting step in biofuel 
production with lignocellulosic material. Two major 
carbohydrate in microalga are starch and cellulose. 
Microalgae cells are lack of lignin so it simplifies the 
scarification process (Markou et al. 2012; Chen et al. 
2013). Scarification process can be divided into 
enzymatic and chemical scarification. 

Enzymatic scarification use cellulases, amylases and 
glucoamylases to hydrolyze carbohydrate in microalgae 
biomass to simple sugars. Chemical scarification process 
occur in fast reaction and high reaction condition, in this 
process acid or alkali used to hydrolyzed the algal 
biomass (Chen et al. 2013). 

After the starch hydrolysis to monomeric or simple 
sugars, it will be ready for fermentation process. The 
fermentation process is biochemical conversion that use 
organism such as Saccharomyces cerevisiae and 
Zymomonas mobilis. Altough, Z. mobilis is considered as 
the most effective organism to convert the sugar to 
ethanol, it is still not commercially used. Resulting 
ethanol then purified from the mixture by dehydration 
and distillation (Gouveia, 2011). 
 
 
3. CONCLUSION 

 
For  producing  bioethanol derived from microalgal 

biomass, it is necessary to maximize the microalgal 
biomass carbohydrate content by manipulating its 
cultivating medium, nutrition limitation, temperature, 
and light intensity. Known that, microalgae  has 
advantages compared to terrestrial plants. Microalgae 
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has lack of lignin that make it easy for converting it into 
bioethanol through simple hydrolysis. After all, the 
treatments of microalgae for producing biofuel  are 
species dependent because different species have 
different content of biomass.  

 
 

4. REFERENCE 
 

Brányiková, I., Maršálková, B., Doucha, J., Brányik, T., Bišová, K., 
Zachleder, V., & Vítová, M. (2011). Microalgae—novel highly 

efficient starch producers. Biotechnology and bioengineering, 108(4), 

766-776. 
Brennan L, Owende P (2010) Biofuels from microalgae—a review of 

technologies forproduction, processing, and extractions of biofuels and 

co-products. Renew Sust Energ Rev 14:557–577 
Cenny Putnarubun et al . 2012 . penelitian pendahuluan pembuatan 

biodiesel dan bioethanol dari Chlorella sp Secara simultan . J. Sains 

MIPA, April 2018, Vol. 18, No. 1, Hal.: 1 - 6 
Chaudhary, L., Pradhan, P., Soni, N., Singh, P., Tiwari, A., 2014. Algae as 

a feedstock for bioethanol production : new entrance in biofuel word. 

International Journal of ChemTech Research CODEN Vol. 6. 2. 1381-
1389 

C.-Y. Chen, X.-Q. Zhao, H.-W.Yen, S.-H. Ho, C.-L. Cheng, D.-J. Lee, F.-

W. Bai, J.-S. Chang, Microalgae-based carbohydrates for biofuel 
production,Biochemical Engineering Journal 

(2013),http://dx.doi.org/10.1016/j.bej.2013.03.006 

Cheng J, Xia A, Song W, Su H, Zhou J, Cen K (2012) Comparison 
between heterofermentation and autofermentation in hydrogen 

production from Arthrospira (Spirulina) platensis wet biomass. Int J 
Hydrog Energ 37(8):6536–6544. doi:10.1016/j.ijhydene. 2012.01.025 

Gouveia, Luisa. 2011. Microalgae as  a Feedstock for biofuels. Springer  

Biofuels 1, 143-162. 
Harun, R., Singh, M., Forde, G.M., Danquah, M.K., 2010. Bioprocess 

engineering of microalgae to produce a variety of consumer products. 

Renew. Sust. Energ. Rev. 14, 1037-1047. 
Hu Q (2004) Environmental effects on cell composition. In: Richmond A 

(ed) Handbook of microalgal culture: biotechnology and applied 

phycology. Blackwell Publishing Ltd, Oxford 

Jambo, S.A., Abdulla, R., Azhar, S.H., Marbawi,H., Gansau, J.A., 

Ravindra,P., 2016. A review on third generation bioethanol feedstock. 

Renewable and sustainable energy reviews. 65. 756-769 
Krisna wardhani et al. 2013 . PRODUKSI ETANOL DARI TETES TEBU 

OLEH Saccharomyces cerevisiae PEMBENTUK FLOK (NRRL – Y 

265) .AGRITECH, Vol. 33, No. 2, MEI 2013 
Lam, M.K., Lee, K.T., 2015. Bioethanol production from microalgae. 

Chapter 12. 197-208 

Markou, G., Angelidaki, I., & Georgakakis, D. (2012). Microalgal 
carbohydrates: an overview of the factors influencing carbohydrates 

production, and of main bioconversion technologies for production of 

biofuels. Applied microbiology and biotechnology, 96(3), 631-645. 
Markou G., et. al. 2013. Bioethanol Production by Carbohydrate Enriched 

Biomass of Arthrospira (Spirulina) platensis. Energies, 6, 3937-3950; 

doi:10.3390/en6083937. 
Markou G., Chatzipavlidis I., Georgakakis D. 2012. Carbohydrates 

Production and Bio-flocculation Characteristics in Cultures of 

Arthrospira (Spirulina) platensis: Improvements ThroughPhosphorus 
Limitation Process. Bioenergy Research. DOI 10.1007/s12155-012-

9205-3. 

Markou G., 2012.   Alteration of the biomass composition of Arthrospira 
(Spirulina) platensis under various amounts of limited phosphorus. 

Bioresource Technology 116 (2012) 533–535. 

Purnamasari et al. 2012 .Produksi Bioethanol dari selulosa alga merah 
dengan system fermentasi simultan menggunakan bakteri. Clostridium 

acetobutylicum.  

Rachmaniah et al . 2010 . ALGAE SPIRULINA SP. OIL EXTRACTION 
METHOD USING THE OSMOTIC AND PERCOLATION AND 

THE EFFECT ON EXTRACTABLE COMPONENTS . jurnal Teknik 

Kimia Vol. 4, No.2, April 2010  
Radakovits, R., Jinkerson, R.E., Darzins, A., Posewitz, M.C., 2010. 

Genetic engineering of algae for enhanced biofuel production. 
Eukaryot. Cell 9, 486-501. 

Song,D., Fu, J., Shi,D., 2008. Exploitation of oil-bearingmicroalgae for 

biodiesel. Chin. J. Biotechnol. 24. 341-348 
Tredici, M.R., 2010. Photobiology of microalgae mass cultures: 

understanding the tools for the next green revolution.  

Warr SRC, Reed RH, Stewart WDP (1985) Carbohydrate accumulation in 
osmotically stressed cyanobacteria (blue-green algae): interactions of 

temperature and salinity. New Phytol 100(3):285–292. 

doi:10.1111/j.1469-8137.1985.tb02779.x 
digilib.unila.ac.id/10822/17/BAB%20II.pdf . on line 13 april 2017 at 3.54 

am 

 


