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Abstract 

The search for alternative fuel sources of organic origin, their adaptation and promotion emerged as one of the key focus areas 
worldwide, which could bring positive effect on lowering down the fossil fuel prices and solving the environmental problems. 
Algal biodiesel intended for use in the vehicles is among the solutions for the transport sector. In this article, we made an 
overview of biodiesel investigation in Lithuania over 11 years. Algae are the third generation biofuel form with high production 
perspective. This microorganism can be found almost everywhere even in Arctic. Algae can be counted as 55 000 species 
organism with great number of growth and quantities of biomass per unit. Possibilities and challenges of biodiesel from algae in 
Lithuania have been analysed. Application and compatibility of algae biodiesel in internal combustion engine has been 
investigated. Many advantages of biodiesel have been presented as well as some disadvantages were found. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Nowadays usage of biodiesel from algae is not available commercially. But situation may change during years of 
2020–2025 when algae fuel systems will be implemented. Biodiesel from algae has high potential to displace 
petroleum fuel in transport sector due to inexhaustible resources, while petroleum reserves are running out 
irreversible until will be depleted. Petroleum may be depleted in about 50 years. Only European countries consume 
approximately fourth of the petroleum globally per year. Fast developing countries such as China and India increase 
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the volume of petroleum consumption dramatically. Since petroleum consumption has been increased, European 
Union authorities started supervision of pollution and climate change control more frequently. EU authorities are 
interested in clean energy on purpose to reduce greenhouse gas emission from the transport sector. Development of 
hybrid cars or green cars with alternative fuel becoming independent of fossil fuel usage would be one step forward. 
In that case pollutants will be reduced dramatically changing fossil fuel to hydrogen, biofuel and electricity. Lower 
environmental pollution and higher economic efficiency are probably the biggest advantages of alternatives fuel to 
diesel. EUROPE 2020 strategy, that has set out the guidelines of alternative fuels application, promotes increase in 
use of biodiesel in transport (Europe 2020).  

2. Alternative biodiesel fuels under investigation in Lithuania during 2003–2014 

Since the year 2000, transportation biofuel-related R&D efforts in Lithuania have focused on (Europe 2020) the 
preparation of national biodiesel introduction recommendations by acting in a coordinated way at EU level, 
(Raslavičius et al. 2014) biodiesel usage in internal combustion engines are important due to the dependency on 
fossil fuel which must be reduced, thus research of traditional crops based biofuels and their blends, physico-
chemical properties and exploitation characteristics must be analyzed. New species of crops becoming more 
interesting for advanced biofuels (Lebedevas et al. 2010). Leading Lithuanian universities and institutes were 
involved in EU-funded collaborative research (Table 1, 2), some on a large scale (Raslavičius et al. 2014). 

Table 1. Alternative biodiesel fuels under investigation in Lithuania during 2003–2009. 

Investigated 
blend ratio 

Scientific 
activity 

Year 

2003 2004 2005 2006 2007 2008 2009 

Algae 
biodiesel: 

RME 
(B100); 
REE (B100);
FAME; 

Camelina oil 
methyl ester; 
B5; B10; 
B20; B30; 
B50; B70 

Chemical 
composition; 
Life cycle 
assessment 

 (Janulis et 
al. 2004) 

(Janulis et 
al. 2005) 

(Lapinskie-
nė et al. 
2006) 

  (Matijošius 
et al. 2009) 

Combustion 
theory and 
modeling; 
Engine 
bench tests  

(Makarevi-
čienė et al. 
2013) 

  (Labeckas et 
al. 2006), 
(Janulis et 
al. 2006), 
(Lebedevas 
et al. 2006) 

(Raslavičius 
et al. 2007), 
(Lebedevas 
et al. 2007) 

(Lingaitis et 
al. 2008) 

 

On-field 
tests 

(Kraujalis et 
al. 2003) 

 (Kraujalis et 
al. 2005) 

   (Raslavičius 
et al. 2009) 

Policy; 
Reviews and 
outlooks 

    (Katinas et 
al. 2007) 

  

 
Biofuel sector with the help of R&D, concentrates on biotechnology, engineering and environmental studies 

studying combustible liquid fuels from renewable sources using biotechnological methods. Also it concerns on culture 
yields grow. In a few past years one of the rapidldy growing economy sector in Lithuania became industrial 
biotechnology (Raslavičius et al. 2014). Communication between business, science and the State is led by the 
Lithuanian Biotechnology Association which was established in 1995. In 2006, the establishment of the LT National 
Biotechnology Platform (LNBP) has enhanced these collaborations. There are a number of universities and research 
institutes which focus on specific objectives using modern biotechnological investigations related to industrial 
biotechnology and bioprocessing: Kaunas University of Technology, Vilnius Gediminas Technical University, Institute 
of Biochemistry at Vilnius University, Institute of Biotechnology at Vilnius University, Aleksandras Stulginskis 
University, Lithuanian Institute of Horticulture, Lithuanian Institute of Agriculture, Lithuanian Institute of Chemistry, 
and others (Raslavičius et al. 2014). 
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Table 2. Alternative biodiesel fuels under investigation in Lithuania during 2010–2014. 

Investigated 
blend ratio 

Scientific  
activity 

Year 

2010 2011 2012 2013 2014 

Algae biodiesel: 

RME (B100); 

REE (B100); 

FAME; 

Camelina oil 
methyl ester; B5; 
B10; B20; B30; 

B50; B70 

Chemical 
composition; Life 
cycle assessment 

 (Makarevičienė 
et al. 2011) 

(Makarevičienė 
et al. 2012) 

(Makarevičienė 
et al. 2013) 

(Raslavičius et 
al. 2013),  

(Raslavičius et 
al. 2014) 

Combustion 
theory and 
modeling; Engine 
bench tests  

(Lebedevas et al. 
2010),  
(Raslavičius et 
al. 2010) 

(Lebedevas et al. 
2011),  
(Raslavičius et 
al. 2011) 

  (Žaglinskis et al. 
2014), 
(Makarevičienė 
et al. 2014) 

On-field tests      

Policy; Reviews 
and outlooks 

(Markevičius et 
al. 2010) 

(Štreimikienė et 
al. 2011), 
(Colvile et al. 
2001) 

 (Makarevičienė 
et al. 2013) 

(Raslavičius et 
al. 2013),  

(Raslavičius et 
al. 2014) 

3. The promise and challenges of algae 

Manufacturers of biodiesel fuel from algae have been developed refineries with complete infrastructure for 
biomass from algae. Nevertheless, only a certain portion of technical potential can be fulfilled. However technical 
potential may change over time, because at the moment it is just estimation. Development of the technical potential 
is visible over time due to the new technologies. Later, algal biofuel may be used much wider, but it highly depends 
on fossil fuel price. In the future perspective price of fossil fuel should grow rapidly, what gives more benefits for 
algal biofuel. In other hand, future perspectives are hard to predict (Raslavičius et al. 2014). 

In favourable conditions, algae grow very quickly and accumulate up to 50 percent of oil of their total weight 
(Raslavičius et al. 2014). Thousands species of algae could be found all over the world even in Antarctica in various 
size, from microscopic to the 60 m length. Usually algae lives in water, but snow in certain cases is a good medium 
to live. Hence, nature sufficiently endowed algae with special vital forces. The majority of them may breed twice if 
they live in favourable for that conditions (Raslavičius et al. 2014). The world Algae Base includes about 55 000 
species of marine, brackish, fresh water and terrestrial algal species; the list is not exhaustive it is supplemented 
continuously with new species. Some scientists have opinion that it is possible to collect 100 tons of algae biomass 
from one hectare in one year. Accordingly, the essence lies in the process of photosynthesis and the function of the 
photosynthetic apparatus (the purpose of which is to absorb light energy and transform it to chemical energy with 
the help of chlorophyll molecules and pigments) of the different types of algae (Raslavičius et al. 2014). The colour 
of cells depends on composition of the pigments and their quantitative ratio. Cytokinesis – process by which a 
parent cell divides into two or more daughter cells – is an important cell cycle of monocellular or multicellular 
organisms (algae) (Raslavičius et al. 2014).  

The main condition of algae usage is high level of biomass content, which gives economic benefit. The most 
widely used indicator of algae biomass is phytoplankton chlorophyll a concentration, which is very important in 
research of limnological. Investigating limnological important data can be found which is useful for further research: 
identification of algae biomass on a weight or volume basis, in the form of photosynthesis performance index 
(Raslavičius et al. 2014). 

4. Application on algal biodiesel in internal combustion engines  

Fuel which is produced from biomass does not contribute to CO2 atmospheric emissions. Biodiesel has lower 
amount of pollutants during and after combustion process. Engine lifetime can be improved due to the biodiesel 
viscosity which is twice higher than petroleum diesel (Campbell et al. 2008). In the other hand high level of 
viscosity may have some difficulties with fuel pumping. Biodiesel is in liquid shape with high combustion 
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efficiency due to the oxygen. It has approximately 10–11% of oxygen. It also has lower content of sulfur and 
aromatic compared to petrol diesel. Higher cetane number is an advantage; biodiesel may have cetane number which 
is around 60–65 while petrol diesel has approximately 53. Reduction of carbon dioxide emissions by 78% can be 
obtained, as well as soot reduction. Biodiesel is non-toxic and non-flammable type of fuel. Important, that there is 
no sulfur or aromatic content in biodiesel. Reduction of particular matter can be achieved as well (Gulab et al. 
2013). Biodiesel has great impact of unburned hydrocarbons reduction (Campbell et al. 2008). During combustion 
of biodiesel, reduction of total unburned hydrocarbons is over 90% (Gulab et al. 2012). 

It also may have some disadvantages which shall be improved later if possible. High compression ratio in 
biodiesel engines is used which causes higher emissions of NOx. Early start of combustion occurs due to the high 
content of oxygen in biodiesel. It creates relatively higher NO2 approximately 10–14%. Small fraction of power loss 
is noticeable, but it may have impact of 2% only (Campbell et al. 2008). That power loss implements fuel 
consumption ratio, which may grow up to 10%, normally from 2% to 10% maximum. Biodiesel has excessive 
amount of carbon deposition which may occur gum formation (polymerization) (Gulab et al. 2013).  

5. Conclusions 

Synergies have the potential to offer an approach to bioenergy development that is both sustainable and beneficial 
(Raslavičius et al. 2014). For the 3rd and 4th generation biodiesel production, sustainable feedstock must be found 
taking into consideration of microalgae strains with lipid content. Usually, they contain proportionally high levels of 
lipids (over 30%) (Raslavičius et al. 2014). Algae cultivation can be achieved in a variety of environments. This 
paperwork demonstrates that algae biofuel production is one of the key elements with great prospects in the liquid 
biofuel sector. Algae biofuel contributed in structural changes for liquid biofuel sector having aspiration of achieving 
better economic returns and sustainability. Whereas the amount of fossil fuel is decreasing every year without ability 
to be renewable energy resource, biofuel is becoming more important due to the fact that is renewable resource 
which will be profitable in near future. Algal biofuel specifications and usage in internal combustion engine were 
analysed with advantages it may substitute petrol diesel without major loss. Some improvements for the diesel 
engine may be required due to the differences of both fuel characteristics and diesel engine adjustability. Study for 
analysing algae biodiesel disadvantages has to be involved. Major breakthroughs are indeed necessary towards 
design and development of advanced technologies able to increase product yields and at the same time to decrease 
processing costs (Raslavičius et al. 2014). 

References 

Campbell, M. N. 2008. Biodiesel: algae as a renewable source for liquid fuel, Guelph Engineering Journal 1: 2–7.  
Colvile, R. N.; Hutchinson, E. J.; Mindell, J. S.; Warren R. A. 2001. The transport sector as a source of air pollution, Atmospheric Environment 

35: 1537–1565. 
EUROPE 2020: A European strategy for smart, sustainable and inclusive growth. Communication from the Commission to the European 

Parliament COM(2010) 2020. Brussels, 3.3.2010. 
Gulab, C. S.; Mahavir, Y.; Archana, T. 2013. Evaluation of different algal species for the higher production of biodiesel, Journal of Petroleum 

Technology and Alternative Fuels 4(1): 1–6. 
Gulab, C. S.; Richa G.; Mahavir, Y.; Archana, T. 2012. Analysis for the Higher Production of Biodiesel from Scenedesmus dimorphus Algal 

Species. Open Access Scientific Reports 1:320. doi:10.4172/scientificreports.320 
Janulis, P. 2004. Reduction of energy consumption in biodiesel fuel life cycle, Renewable Energy 31: 861–871.  
Janulis, P.; Kazancev, K.; Lebedeva, G.; Lebedevas, S.; Makarevičienė, V.; Vaicekauskas, A. 2006. Use of waste fats of animal and vegetable 

origin for the production of biodiesel fuel: quality, motor properties, and emissions of farmful components, Energy & Fuels 20: 2274–2280. 
Janulis, P.; Kazancev, K.; Makarevičienė, V.; Paulauskas, V. 2006. Cold flow properties of fuel mixtures containing biodiesel derived from fatty 

waste, European Journal of Lipid Science and Technology 108: 753–756. 
Janulis, P.; Kitrys, S.; Makarevičienė, V.; Sendžikienė, E. 2004. Kinetics of free fatty acids esterification with methanol in the production of 

biodieselfuel, European Journal of Lipid Science and Technology 106: 831–836. 
Janulis, P.; Makarevičienė, V.; Sendžikienė, E. 2005. Life cycle energy efficiency indicators of fatty acid methyl esters, Agricultural Engineering: 

Research Papers (Žemės Ūkio Inžinerija: Mokslo Darbai) 37: 84–93. Available from Internet: 
<www.cabdirect.org/abstracts/20053121940.html>. 

Janulis, P.; Makarevičienė, V.; Sendžikienė, E. 2005. Oxidation stability of biodiesel fuel produced from fatty wastes, Polish Journal of 
Environmental Studies 14: 335–339.  



113 Mantas Felneris and Laurencas Raslavičius  /  Procedia Engineering   134  ( 2016 )  109 – 113 

Janulis, P.; Makarevičienė, V.; Sendžikienė, E. 2006. Influence of fuel oxygen content on diesel engine exhaust emissions, Renewable Energy 31: 
2505–2512. 

Katinas, V.; Markevičius, A.; Kavaliauskas, A. 2007. Current status and prospects of biomass resources for energy production in Lithuania, 
Renewable Energy 32: 884–894. 

Kraujalis, A.; Liubarskis, V.; Raslavičius, L. 2003. Biodiesel and their blends with mineral diesel consumption analysis fuelling tractors of small 
and average capacity, Agricultural Engineering: Research Papers (Žemės Ūkio Inžinerija: Mokslo Darbai) 35: 91–101. Available from 
Internet: <www.cabdirect.org/abstracts/20043025325.html>. 

Kraujalis, A.; Liubarskis, V.; Raslavičius, L. 2005. Biodiesel and its blends with mineral diesel consumption when analysis fuelling tractors of 
small and average capacity, Journal of Research and Applications in Agricultural Engineering 50: 45–48. 

Labeckas, G.; Slavinskas, S. 2006. The effect of rapeseed oil methyl ester on direct injection diesel engine performance and exhaust emissions, 
Energy Conversion and Management 47: 1954–1967. 

Lapinskienė, A.; Martinkus, P.; Rėbždaitė, V. 2006. Eco-toxicological studies of diesel and biodiesel fuels in aerated soil, Environmental 
Pollution 142: 432–437. 

Lebedevas, S.; Lebedeva, G.; Bereišienė, K. 2011. Modifying mathematical models for calculating operational characteristics of diesel engines 
burning RME biofuels, Transport 26: 50–60. 

Lebedevas, S.; Lebedeva, G.; Makarevičienė, V.; Kazanceva, I.; Kazancev, K. 2010. Analysis of the ecological parameters of the diesel engine 
powered with biodiesel fuel containing methyl esters from Camelina sativa Oil, Transport 25: 22–28. 

Lebedevas, S.; Vaicekauskas, A. 2006. Research into the application of biodiesel in the transport sector of Lithuania, Transport 21: 80–87. 
Lebedevas, S.; Vaicekauskas, A.; Lebedeva, G.; Makarevičienė, V.; Janulis, P. 2007. Change in operational characteristics of diesel engines 

running on RME biodiesel fuel, Energy & Fuels 21: 3010–3016. 
Lebedevas, S.; Vaicekauskas, A.; Suškov, P. 2007. Presumptions of effective operation of diesel engines running on RME biodiesel. Research on 

kinetics of combustion of RME biodiesel, Transport 22: 126–133. 
Lingaitis, L. P.; Pukalskas, S. 2008. Ecological aspects of using biological diesel oil in railway transport, Transport 23: 138–143. 
Makarevičienė, V.; Janulis, P. 2013. Environmental effect of rapeseed oil ethyl ester, Renewable Energy 28: 2395–2403.  
Makarevičienė, V.; Lebedevas S; Rapalis P.; Gumbyte, M.; Skorupskaite, V.; Žaglinskis, J. 2014. Performance and emission characteristics of 

diesel fuel containing microalgae oil methyl esters, Fuel 120: 233–239. 
Makareviciene, V.; Skorupskaite, V.; Andruleviciute, V. 2012. Biomass and oil production of green microalgae Scenedesmus sp. using different 

nutrients and growth conditions, Environmental Research, Engineering and Management 4(62): 5–13. 
Makareviciene, V.; Skorupskaite, V.; Andruleviciute, V. 2013. Biodiesel fuel from microalgae-promising alternative fuel for the future: a review, 

Reviews in Environmental Science and Biotechnology 12: 119–130. 
Makareviciene, V.; Skorupskaite, V.; Andruleviciute, V.; Kasperoviciene, J. 2011. Cultivation of microalgae Chlorella sp. and Scenedesmus sp. 

as a potential biofuel feedstock, Environmental Research, Engineering and Management 3(57): 21–27. 
Markevičius, A.; Katinas, V.; Perednis, E.; Tamašauskienė, M. 2010. Trends and sustainability criteria of the production and use of liquid 

biofuels, Renewable and Sustainable Energy Reviews 14: 3226–3231. 
Matijošius, J.; Sokolovskij, E. 2009. Research into the quality of fuels and their biocomponents, Transport 24: 212–217. 
Raslavičius, L.; Bazaras, Ž. 2009. The analysis of the motor characteristics of D–RME–E fuel blend during on-field tests, Transport 24: 187–191.  
Raslavičius, L.; Bazaras, Ž. 2010. Ecological assessment and economic feasibility to utilize first generation biofuels in cogeneration output cycle – 

The case of Lithuania, Energy 35: 3666–3673. 
Raslavičius, L.; Bazaras, Ž. 2010. The possibility of increasing the quantity of oxygenates in fuel blends with no diesel engine modifications, 

Transport 25: 81–88. 
Raslavičius, L.; Keršys, A.; Starevičius, M.; Sapragonas, J.; Bazaras, Ž. 2014. Biofuels, sustainability and the transport sector in Lithuania, 

Renewable and Sustainable Energy Reviews 32: 328–346.  
Raslavičius, L.; Markšaitis, D. 2007. Research into three-component biodiesel fuels combustion process using a single droplet technique, 

Transport 22: 312–315. 
Raslavičius, L.; Semenov, V. G.; Chernova, N. I.; Keršys, A.; Kopeyka, A. K. 2013. The promise and challenges of algae for transportation 

biofuels, in Proceedings of 17th International Conference Transport Means (24–25 October 2013, Kaunas, Lithuania). Kaunas: Technologija, 
83–86 p. 

Raslavičius, L.; Semenov, V.G.; Chernova, N.I.; Keršys, A.; Kopeyka, A.K. 2014. Producing transportation fuels from algae: In search of 
synergy, Renewable and Sustainable Energy Reviews 40: 133–142. 

Raslavičius, L.; Strakšas, A. 2011. Motor biofuel-powered CHP plants – a step towards sustainable development of rural Lithuania, 
Technological and Economic Development of Economy 17: 189–205. 

Štreimikienė, D.; Šliogerienė, J. 2011. Comparative assessment of future motor vehicles under various climate change mitigation scenarios, 
Renewable and Sustainable Energy Reviews 15: 3833–3838. 

Žaglinskis, J. 2014. Dyzelinių variklių, dirbančių antros kartais biodegalų mišiniais, eksploatacinių charakteristikų tyrimai. Daktaro disertacija. 
Klaipėdos universitetas. 


