
BE 230  - Spring 2020
Engr. Analysis of Biological Systems
Dr. Safferman

One of the most critical factors in the production of 
biofuel is the type of algae used.3Algae produces a 
bio-oil that is then added in the production of 
biofuel.3 The more bio-oil produced by algae the 
more efficient the production process becomes.3

https://www.semanticscholar.org/paper/Nutrient-removal-from-high-strength-nitrate-using-Osorio-
Luongo/cdfae611433a53da076c691248107c002dbaf35b/figure/0

Figure 1: Microalgae chlorella sp. is shown above with an oil content 
(weight % of dry basis) of 28-32.3

https://laubc880.wixsite.com/entrealgas/catlogo-de-microalgas?lightbox=image13jz

Figure 2: Microalgae dunaliella primolecta is shown above with an oil 
content (weight % of dry basis) of 23.3

The microalgae depicted in Figures 1-2 are 
promising potential candidates that have well 
rounded characteristics, such as their oil content, of 
becoming efficient biofuel materials.

Hypothesis: If algae is used to produce biofuel, it 
will be a viable and sustainable substitute to 
petroleum jet fuel.
Objectives:

1. Evaluate algae vs petroleum
2. Evaluate the effectiveness of 

different types of algae
Tasks:

1. Grow algae
2. Convert it to biofuel
3. Test its performance

Data Analysis: Biofuel conversion will be used to 
convert from weight and volume of algae into 
volume of biofuel. Other factors such as type of 
algae, method of production, and location will be 
important. An example of algae propagation is 
depicted in Figure 7.

https://www.energy.gov/eere/bioenergy/algal-biofuels

Figure 7: Commercial production-scale algae cultivation ponds.

Jet fuel
• Already heavily relied upon
• Cheap to produce
• Disrupts ecological habitats and produces GHG 

(namely carbon) emissions

Figure 3: Environmental Impacts 7

Biofuels
• Cannot compete with price or scale of jet fuels
• Compromised by cold weather
• Can greatly impact the reduction of oil 

dependence but it would take time

Figure 4: Biofuel Production 8

The current use of jet fuels releases carbon 
emissions and other dangerous chemicals directly 
into the atmosphere which aids in the continuation 
of climate change. As depicted in Figure 3, climate 
change directly affects our health. For example, 
many of life's necessities such as food, water, air 
and our habitations, are directly impacted.7Along 
with this, the rises in temperature also affect lives 
due to its relation to viruses and how they are more 
susceptible to spreading under these conditions.7

Despite the evidence against the use of biofuels, 
specifically its inability to meet the commercial 
demands.8 Integrating biofuels into the airline 
industry is not as difficult as it may appear as 
depicted in Figure 4. In fact, "more than 150,000 
flights have used biofuel..." in 2018 alone.9 Which 
proves that it isn't impossible but there is a long 
way to go. The introduction of biofuels would 
positively impact the environment in various ways 
but most notably in the reduction of GHG 
emissions.9

The need for replacing petroleum-based aircraft fuel 
continues to plague the airline industry as the threat 
of greenhouse gases produced by such machines 
contribute to global climate change.1 Even though 
the aviation sector is not a leading carbon emission 
producers, it is still a rapidly growing, fossil fuel 
dependent industry.1 For decades there has not been 
enough scientific research done to find economic 
and efficient alternatives to petroleum-based fuels 
that would make it worth the cost of using a 
substitute until now. The advances in science have 
allowed for the discovery and introduction of 
biofuels to the aviation industry as an almost 
complete substitute to petroleum-based fuel.2 This 
would allow for rapid implementation of biofuel 
with little change over time for airline companies. 
The most promising form of biofuel in the use for 
airplanes are algae-derived fuel.2 Not only is it an 
efficient alternative, but it also has the potential to 
help mitigate the airline industries effect on global 
climate change.1

Project made possible by the Biosystems and 
Agricultural Engineering (BAE) department and 
Dr. Safferman.

Introduction Process DescriptionPotential Impact Eco. Services Research

Acknowledgements

Algae-derived Biofuels as an Alternative to Petroleum-
based Fuels for the Airline Industry

Contributors: Hannah Craig Malich, Jordan Neal, Adam Harris, Trenten Beemer

Sensitive Unit

References
1 - Wise, M., Muratori, M. & Kyle, P. Biojet fuels and emissions mitigation in aviation: An 
integrated assessment modeling analysis. Transportation Research Part D: Transport and 
Environment 52, 244–253 (2017).

2 - Yang, X., Guo, F., Xue, S. & Wang, X. Carbon distribution of algae-based alternative 
aviation fuel obtained by different pathways. Renewable and Sustainable Energy 
Reviews 54, 1129–1147 (2016).

3 - Demirbas, A., & Demirbas, M. F. (2011). Importance of algae oil as a source of 
biodiesel. Energy Conversion and Management, 52(1), 163–170.

4 - Wang, Wei-Cheng, et al. “Review of Biojet Fuel Conversion Technologies.” 1 July 2016, 
pp. 26–33., doi:10.2172/1278318.

5 - Nnorom Achara. Biofuel From Algae. Journal of American Science 2012; 8(1):240-244]. 
(ISSN: 1545-1003).

6 - Radaelli G, Fleischer D, inventors, Systems and Methods for Extracting Lipids from Wet 
Algae Biomass. United States patent US 8,865,452. 2014 Oct 21

7 - “Environmental Impacts - Improving the Sustainability of the Aviation Industry.” Google 
Sites, sites.google.com/a/cornell.edu/sustainable-solutions-for-the-aviation-industry/solution-
new-fuel-efficient-planes/environmental-impacts.

8 - “Genomic Science Program.” Bioenergy: DOE Mission Focus, 
genomicscience.energy.gov/biofuels/.

9 - Nunez, Christina. “Biofuels, Explained.” Biofuels, from Ethanol to Biodiesel, Facts and 
Information, 15 July 2019

Algae can be grown in open ponds, which have 
cheaper production costs but a low yield and a high 
risk of contamination. Algae growth can also occur 
in closed photobioreactor systems that are more 
expensive than open ponds but have higher 
productivity and a larger yield.4

Algae are harvested in bulk then dehydrated to 
preserve the lipids in the cells.4 Dried algae oil 
extraction can occur either chemically or 
mechanically. Chemical extraction uses a variety of 
organic solvents.6 Modifications have been made to 
try and optimize the extraction time and lipid yield, 
including changing solvents and ratios of those 
solvents. Extracting oils mechanically from algae 
requires different press configurations, such as 
screw, expeller, or piston, that crush and break the 
cell to release oil.5

There are two main methods to convert algae oil to 
jet fuel that is drop in ready. Hydroprocessed 
renewable jet (HRJ) conversion technology, as 
depicted in Figure 5, produces fuel with the same 
conventional properties of petroleum-based fuel.4

Figure 5: HRJ Conversion Process4

Catalytic hydrothermolysis (CH) produces jet fuel 
through a series of reactions, as depicted in Figure 
6. These processes turn triglycerides into a mixture 
of hydrocarbons that can be isolated to jet fuel. The 
jet fuel produced from CH is drop in ready and has 
great combustion qualities.4

Figure 6: CH Conversion Process4


