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Abstract: 

 

 With carbon dioxide concentrations reaching new heights each year and the need for an 

alternative energy source ever present, worries about our renewable future and global climate 

change have loomed over the world ever since the 1960s. Yet, as popular in today’s fight  for new 

and clean sources for energy, algae biofuel has taken to the stage. Both a renewable and carbon-

neutral fuel, algae biofuel has but one setback- the high energy levels necessary for its 

refinement procedure. But recently, the methylesterification of fatty acids as an alternative to 

plant-based triglycerides has brought algae biofuel back into the fight of renewable energy 

sources. Within the scope of this experiment, the procedure will search to answer one research 

question in particular: to what extent can algae biofuel be created from the omega-3 fatty acids 

extracted from Porphyra purpurea species after undergoing a methylesterification reaction? 

 The scope of this experiment will include background information detailing the theory 

and potential use of algae as a biofuel source, why using fatty acids is more beneficial to the 

biodiesel market then triglycerides, the materials and procedure necessary for experimental 

completion, the collected data and concluded results. Thus, while covering the total procedure 

involved, the paper will also describe the scientific theory behind all that is being conducted. In 

terms of proper citations, sources like Oilgae and various DHA-related medical journals will be 

referenced for theory-based purposes while complete algae studies will be referenced in relation 

to the actual procedure, thus showing how particular advancements in the field are used to 

improve the provided experiment itself. 
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To What Extent can an Alternative Algae Biodiesel be produced from 
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Introduction: 

With global temperatures and atmospheric carbon dioxide levels always on the rise, the scientific 

community has been working feverishly to produce a clean and renewable source of alternative 

energy for decades. Peaking in popularity during the early 2010s, algae-based biodiesel as a 

source for alternative energy remains one of the most promising outlets for renewable energy 

(Oilgae 1). As indicated by the algae-fuels market crash around 2013, a singular problem stands 

in the way of this carbon-neutral, renewable gasoline source: refinement. However, new research 

has shown that using algae-based fatty acids instead of triglycerides may help chemists avoid the 

need for energy-consuming refinement. Due to its carbon neutrality, environmental abundance, 

and lack refinement necessity, fatty-acid, algae based esters have the potential to serve as a 

combustible alternative fuel source in modern diesel engines. Thus, this experiment will ask if 

the omega-3 fatty acids extracted from the Porphyra purpurea species of algae can be 

chemically converted into a combustible source of algae biodiesel through methylesterification.  

 

Background Information: 

Part I- Algae as a Potential Source for Biodiesel  

For years, we have been in search of unlimited energy; examples such as wind power, 

hydroelectricity, and nuclear power leap to mind. In an ever-heating world, not only is 

renewability and cost an issue, but the environmental impact of the fuel as well. The ideal of any 

good energy source is to put in less energy and get much more out with as little environmental 

impactas possible. Biofuel is an aspect of alternative energy that has been considered for years as 

a reservoir of necessary hydrocarbon fuel. In plants, oils and fatty acids are naturally produced 

with only sunlight, water, and carbon dioxide through the process of photosynthesis. But it is this 

process collides time and time again with a constant problem: the structure of most hydrocarbons 

made from plant material are consistent with long and dense oils that are alien to the combustion 

engines known to today’s world. While alternations can be made and chemical bonds split, both 

processes more often than not result in more energy input than output, eliminating their chance at 

efficiency. Thus, the problem of refinement. 

 Despite the natural production of oils in most plants, there is one species in particular 

that stands out from the rest: algae. Known for its slimy and glossy appearance, the many species 

of micro (freshwater) and macro (saltwater) algae are sources of immense natural lipid deposits.   

Glucose produced through the process of photosynthesis in the chloroplasts with additions of 

water, light-energy, and carbon dioxide follows the glycolic pathway, and, with the addition of 

acetyl-CoA, is eventually synthesized into triglycerides, fatty acids (including the particular 

protein 22:6(n-3) or DHA [Docosahexaenoic acid], the focus of this investigation) through fatty 

acid synthesis within the cytoplasm of the plant’s cells. Crucial to the survival of the cell and 

plant as a whole, fatty acid synthesis provides the plant with large quantities of natural lipids and 

acids, often times taking up more than 70% of the cell in marine and freshwater algae types. This 
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can be distributed throughout the cell to enable protection (through the phospholipid bilayer) and 

even proper insulation. Each basic triglyceride molecule is created during fatty acid synthesis 

with around 20 to 70 carbons and hydrogen atoms, packing them full with chemical energy to be 

used later on to fuel the cell. It is these hydrogen-hydrogen, carbon-hydrogen, and carbon-carbon 

bonds that hold vast quantities of energy, all which can be released when broken- the basic 

chemical explanation as to why lipids are used for diesels in the first place. The triglyceride 

molecule is naturally composed of three main fatty acids: oleic, linoleic, and stearic. Linked with 

OH- groups to a basic glycerol molecule, they are presented in the cis or trans isometric form. 

The basis of all vegetable oils, this chemical cocktail could naturally be refined to make jet fuel 

on its own due to the high carbon count. Yet, it is these high maintenance molecules that have 

been the center of the biofuel-industry for centuries that may be holding us back from our full 

potential, as seen in the 2013 crash of the algae petroleum market. If we can try to focus more on 

some of the building blocks of diesel that lie in majority within algae cells, then we have the 

potential for a more efficient and effective new energy source. 

 

Part II- DHA Compounds in Micro and Macro Algae Species and Their Use in Algae 

Biodiesel 

Docosahexaenoic Acid (DHA) has been making headlines for years under another 

infamous pen name; referenced only as cod-fish oil by world health organizations for years, this 

medical “miracle” vitamin has been used in basic supplements to boost general health in the 

body all around. Used in studies by Harvard Medical School, NASA, and The National Center 

for Biochemical Information, promising research showing the potential for DHA use in medical 

industry began to surface around the 1980s, and has been pursued ever since. Due to it being the 

main hydrocarbon building block in “brain, cerebral cortex, and even the retinas” (University of 

Maryland, 1), DHA has been the center of many recent studies due to its potential as a chemical 

aid for Alzheimer’s Disease and cancer treatment. Even now, this fatty acid is sold in high 

surplus across the nation as health and vitamin supplements. DHA for years has been harvested 

as “cod fish oil”- oil found in the gut and liver of the cod fish. Many thought that the cod fish 

was one of the only main sources for DHA and other Omega-3 Fatty Acids. But, as studies 

continued, the fish were found to be getting the majority of their DHA and some EPA 

(Eicosapentaenoic Acid, an additionally useful and almost identical fatty acid to DHA) from the 

seaweed on which they fed in cold oceanic climates. With relation, “Research studies have 

proved that higher amounts of EPA and some DHA can be produced by the use of alga” (Oilgae, 

1). Based on the new origins of these valuable fatty acids, many companies set out to investigate 

additional algae-based sources for industrial DHA and EPA production. By 2007, a few species 

were noted: Crypthecodinium cohnii, Schizochytrium, the Spiralia genus (often times used in 

health smoothies due to its high EPA/DHA content), Fucus spiralis, Porphyra purpurea  and 

Chlorella vulgaris (Patil 3). While both the Fucus and Spiralia genus also made their way up the 

DHA latter, Schizochytrium remains today the most widely used algae for medical DHA 

production. However, only Porphyra purpurea  is commercially available. “Most of DHA and 

complex organisms originates in photosynthetic and heterotrophic microalgae, and becomes 
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increasingly concentrated in organisms, as they move up the food chain,” Say the Oilgae team, 

an online data base dedicated to the research of alternative algae-based fuels. “As of today, DHA 

is commercially produced from microalgae” (Oilgae, 5).  As DHA/EPA continues to make its 

way into medical history across the nation, a new way of altering these molecules may just give 

the biodiesel industry of our time the boost it needs. 

Part III- Purpose, Hypothesis, and Variables of the Experimental Procedure: 

 As first introduced by the research question of this study, the purpose of this experiment 

is to determine to what extent omega-3 fatty acid-based algae biodiesel (using the Porphyra 

purpurea  species) can be used as an alternative fuel source. As described in the past two 

sections, algae and its omega-3 fatty acid derivatives have the potential to become algae 

biodiesel- this experiment simply wants to put this idea to the test. Thus, the independent 

variable of this experiment can be defined as the use of omega-3 fatty acids instead of vegetable-

oil like triglycerides in comparison to other studies. While the experiment itself will not be 

testing the validity of triglyceride-based biodiesel (this, due to the fact, that algae triglycerides 

have been known for years to produce combustible biodiesel), the use of omega-3 fatty acids is 

effectively the manipulated variable, and thus the factor being put to the test. Continually, the 

dependent variable in this experiment is the ability of the fuel to combust as a gas or not- a factor 

that will be tested with an in-depth analysis of a combustibility and calorimetry test. Due to the 

omega-3’s direct carbon count reaching the statistical limits for biodiesel, the ability of the fuel 

to combust as a gas can show the possibility of the efficient omega-3 fatty acids based biodiesel.  

 While the two independent and dependent variables may seem simple, there are many 

constants of the experiment to consider. As important to all experiments using marine-based 

samples, the experiment must be as void as possible of potential contaminants that could impact 

the final concentration of oils extracted from the algae. Additionally, the shipping conditions of 

the live Porphyra purpurea  algae must also be controlled, as the experiment is conducted on the 

basis that all trials deal with identical algae sources. Thus, each algae quantity for the provided 

trials must also be identical and, as described by the procedure below, will be limited to 50 

grams per trial. It is also vital that the species of algae come from the same location, so that it is 

generally assumed to have adapted to similar conditions such as pH, carbon-dioxide intake, light 

expose, changes in temperature, and fluctuating nutrients in the ecosystem- all factors that could 

skew the experiment if not kept constant. Additionally, each step of the procedure must 

meticulously be followed for each trial, ensuring no difference in experimental conduction 

results in a change of the dependent variable. From equal amounts of hexane (this experiment’s 

method of chemical extraction) to identical sonication procedure, it is vital that not change in 

experimental conduction occurs.  

 With relation to both the independent, dependent, and controlled variables of the 

experiment, an alternative and null hypothesis can be formulated. To show change in the 

experimental procedure, the alternative hypothesis can be described as the following: If biodiesel 

is constructed using omega-3 fatty acids extracted from the Porphyra purpurea algae, then its 

flammability test will be positive and its calorimetry test will have no statistical difference to 

regular diesel, showing both its potential as to burn as a gas and serve as an alternative fuel 
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source. Correspondingly, the null hypothesis would read as: If biodiesel is constructed using 

omega-3 fatty acids extracted from the Porphyra purpurea algae, then its flammability test will 

be negative and its calorimetry test will show statistical significance towards regular diesel fuel, 

showing no change in known alternative energy sources. This works alongside of the research 

question, effectively providing assumptions about the outcome of the experiment.  
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Part IV- Experimental Material List: 

Seen below is a complete list of all required experimental materials: 

 300 grams of live Porphyra purpurea  algae 

 3 300ml spray bottles of deionized water 

 6 100ml falcon tubes 

 Programmable Ultrasonic Probe Machine  

 Quart sized plastic container 

 6 quarts of lab-grade ice pellets 

 1 set of ear plugs per experimenter 

 1 lab coat per experimenter 

 1 set of plastic lab gloves per experimenter 

 1 set of kim wipes 

 Isopropyl alcohol to sterilize 

 1 cooler to transport algae samples 

 1 roll of parafilm 

 6 clean 300 ml beakers 

 1 all-purpose chemical oven  

 6 200ml ball canning jars 

 2400ml of Hexane 

 1 roll of masking tape 

 2 sharpies 

 1 “rotovap” rotational evaporation machine  

 1 sink with running tap water 

 1 cleaning brush 

 1 container of all-purpose dish soap 

 1 “rotovap” bulb 

 12 200ml beakers 

 1 micropipette 

 1 set of micro pipetting tips  

 24 set of 1ml vials 

 1 Time of Flight Gas Chromatograph Mass Spectrometer  

 90ml of methanol 

 90ml of hydrochloric Acid 

 6 inoculation hoops (flame hoops) 

 1 candle  

 1 graduated cylinder 

 1 lab-grade spatula  

 10 ml or regular diesel 
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 2 small glass burners/lamps 

 10 matches 

 2 old soda pop cans 

 1 chemical stand 

 1 stop watch 

 30 ml of isolated and purified DHA from the capsules of the nowDHA-500 

pharmaceutical company, extracted using... 

 1 Razor blade 

 2 paper clips 

 1 Thermometer 
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Part V- Procedural Description and Required Measurement List: 

Sonic Extraction Procedure 

1.) 650 grams of strained, live Porphyra purpurea algae were obtained and split into five 

trials of around 130 grams.  

2.) Each split trial was cleaned using deionized water to remove any marine contaminants. 

3.) Each trial was placed into one 100ml falcon tube and filled to the 100ml mark with 

deionized water. Each tube was labeled. 

4.) A sonic pulse machine was plugged in and was set at a 30 second experimental 

sonication periods. With the machine being on for 20 minutes, a total of 40 experimental 

sonication periods would occur for each 50 gram trial. Within each experimental 

sonication period, the sonicator would remain active during 5 seconds, and inactive for 

25 seconds. During its 5 seconds of activity, the sonicator would move at 350 rotations 

per second. The machine was working at 80% amplitude.  

5.) A small, quart-sized plastic container was filled with ice pellets (to protect the falcon tube 

and machine from getting overheated due to rotationary friction), and trial 1’s falcon tube 

was nestled within these ice pellets. The falcon tube was unscrewed, and placed under the 

sonic probe. The sonic probe’s arm was adjusted and lowered until it was mostly 

submerged in the falcon tube. Earplugs were inserted by users. 

6.) The sonicator was turned on, and left for 20 minutes until the procedure was complete. 

7.) Steps 5 through 6 were repeated for trials 2 through 6. 

8.) After the 20 minute procedure was finished, the sonic probe’s arm was raised, and the 

falcon tube removed. The tube was wiped clean with a Kim wipe and sterilized with 

isopropyl alcohol to avoid cross contamination. The supernatant fluid was removed, 

measured, and labeled in a falcon tube as trial #4 and trial #5. The pellets of the 

remaining 3 tubes were labeled trials 1-3, and massed as well. 

Heating Procedure (to Eliminate Water) and Chemical Extraction 

9.) The pellets of trials #1-3 were placed into an oven and heated at 80 degrees Celsius for 1 

hour and 15 minutes. (Reddy, 2). 

10.) After 1 hour and 15 minutes, all pellets were removed from the oven.  All pellets were 

placed into small 200 ml falcon tubes, and mixed with 10 ml of Hexane each. The lids of 

these jars (which had been labeled) were screwed on tightly and each container was 

shaken vigorously by hand for a period of 5 minutes.   

11.) 20 ml of Hexane was also added to the falcon tubes labeled trials #4 and #5, and shaken 

vigorously for 5 minutes.  

Procedure to Eliminate Hexane 

12.) The set of jars was taken to a rotation evaporator machine. 

13.) The provided bulb of the rotation evaporation machine was weighed, and the mass 

recorded.  
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14.)  The contents of trial #1’s jar were removed and placed in the rotation evaporation 

machine. Settings were placed on 75 rotations per minute, and the temperature of the 

provided water bath was set to 71 degrees Celsius (with Hexane’s boiling point at 69.1 

degrees Celsius).   

15.) The bulb filled with the contents of trial #1’s jar was screwed onto the rotation 

evaporator machine, and lowered into the water bath, beginning the experimental cycle. 

The bulb was left spinning in the water for a total of 25 minutes. 

16.) The rotation evaporation machine was then elevated, removing the bulb from the heated 

water bath. The bulb mass of the bulb was taken and recorded. All sludge leftover from 

the procedure inside the bulb was removed as best possible, and placed in a 200 ml 

beaker and labeled. The bulb was then cleaned, and he rotation evaporation machine was 

reset for another trial. 

17.) The contents of the rotation evaporation machine were removed, placed back into the 

200ml falcon tube, and capped.  

18.) Steps 14 through 17 were then repeated for trials 2 through 5 

Serial Dilutions 

19.) Using a micropipette (record what size), a (record size of micro vile) vile was filled 

with 1 ml of Hexane and .15 ml of liquid algae sludge from trial #1. The contents of these 

vials were mixed, also using the micropipette. 

20.) The old cap of the micropipette was discarded, and replaced with a new one. Three 

more vials were filled with 1 ml of water.  

21.) Using the new cap, .15 ml of the last vial’s contents were added to the second vile. All 

contents were stirred, and the old cap was discarded. 

22.) Step #21 was repeated for the trials 2-5, effectively completing the serial dilution 

process. 

23.) All serial dilutions were taken to and run through the Time of Flight Gas 

Chromatograph Mass Spectrometer, which provided the experimenters with chemical 

identification of the provided substances (therefore, detecting the presence of absence of 

DHA/EPA). (The University of Maryhland, 3). 

Methyl Esterification Procedure 

24.) 15 ml of Methanol was added to a 30ml sample of liquid DHA and EPA respectively, 

obtained in a purified form from medicinal pills in a 200ml beaker. An additional 15 ml 

of Hydrochloric Acid (acting as a catalyst) was also added to the 200 ml beaker. 

25.) All contents were mixed together, and left to sit overnight, allowing excess methanol to 

evaporate. 

26.) The following day, the remaining materials in the beaker for trial #1 were placed into a 

bulb for the rotational evaporation machine. 

27.) Setting the machine at 75 rotations per minute and the water temperature at yet again 71 

degrees Celsius, (Hydrochloric Acid’s exact boiling point), the bulb was screwed on and 

lowered into the heated water bath below. The machine was left to sit for 20 minutes. 
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28.) After 20 minutes had passed, the bulb was elevated and the contents removed into 

another 200 mL beaker and labeled.  

29.) An inoculation hoop was dipped into the remaining solution of trial one. A lit match 

was held up to it, and the act of the fuel combusting or not combusting (as well as 

information regarding the flame test color and its combustion as a liquid or gas) was 

recorded. 

30.) Data analysis and results were concluded. 

 

Calorimetry Procedure:  

1.) Around 10 ml of regular diesel was placed in a glass burner. The wick was allowed to 

soak for 5 minutes, and the jar was initially massed. 

2.)  50 ml of tap water was measured with a graduated cylinder and placed in an old soda 

pop can (the temperature of this water was measured once placed in the soda can), and 

hung using a paper clip 10 centimeters away from the wick of the diesel jar. 

3.) The wick of the jar was lit, and a stopwatch was started. After 1 minute, the wick’s fire 

was blown out and the water in the soda can was immediately measured.  

4.) The small jar of diesel fuel was massed. The measurements taken regarding temperature 

and mass were recorded. 

5.) Steps 1 through 4 were repeated 4 more times to get results for a total of 5 trials. 

6.) Steps 1 through 5 were repeated identically with the DHA-based algae biofuel. 
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Part VI- Data Analysis and Collection: 

Data Table #1: Procedural measurments 

 Trial #1 Trial #2 Trial #3 Trial #4 Trial #5 

Grams of 

Seaweed per 

each trial (solid 

mass, before 

blending). ± 1 

140 grams 128 

grams 

126 grams 139 grams 125 grams 

Volume of 

leveled out 

blended 

samples ± 1 

50 ml 50 ml 50 ml 50 ml 50 ml 

Measure of 

solid mass 

(pellet) after 

sonication ± .1 

21.13 grams 21.3 

grams 

22.9 grams n/a n/a 

Measure of 

leftover liquid 

from sonication 

(supernatant) 

±.5 

n/a n/a n/a 15.3 ml 17.4 ml 

Hexane amount 

added after 

baking pellets 

at 80 degrees 

Celsius.  ± 1 

10 ml 10 ml 10 ml n/a n/a 

 

Hexane added 

to supernatant 

±1 

n/a n/a n/a 20 ml 20 ml 

 

 

Total volume 

before roto vap 

procedure ±.1 

21.2 ml 21.3 ml 22.5 ml 35.3 ml 37.4 ml 

Algae sludge 

leftover after 

rotovap 

procedure ±.5 

14.3 ml 16.2 ml 18.7 ml 25.1 ml 27.4 ml 

Purified DHA 

flame test  

Result: positive combustion as a gas. Fuel did 

not combust as a liquid- burning observed as a 

small cloud of flame surrounding the hoop’s 

tip. 

n/a n/a n/a n/a 

Note When Viewing TOF-MS Results: Docahexiaonic acid shows up as a peak at 327.2 m/z 

while Eicosapentaenoic Acid shows up as a peak at 301.2 m/z.  



Gagné 13 
 

 

Graph #1: Trial #1 with Porphyra Algae Pellet*** Time of Flight Mass Spectrometry Results 

 

278.1 m/z indicates a form of Linoleic Acid - close to EPA carbon count 

445.9 m/z peak may mark some higher density oil. All lower peaks are not applicable low-

carbon compounds. 

***The supernatant when processed through serial dilutions only showed hexane and water  

 



Gagné 14 
 

 

Graph #2: Trial #2 with Porphyra Algae Pellet Time of Flight Mass Spectrometry Results 

 

277.9 peak seems to indicate Linoleic Acid, yet again.  
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Graph #3: Trial #3 with Porphyra Algae Pellet Time of Flight Mass Spectrometry Results 

 

Peaks show minimal fatty-acid involvement. 
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Data Table #2: Calorimetry Experiment Results- Regular Diesel 

 Trail #1 Trial #2 Trial #3 Trial #4 Trial #5 

Change in 

Temperature 

(Degrees 

Celsius) ± .05 

6.50 17.1 17.7 9.80 12.3 

Mass of fuel 

burned 

(grams) ± .01 

.300 .310 .330 .360 .350 

Calculated 

energy 

released (in 

Kilojoules).  

± .5 

88.2  203 224 135 165 

 

Data Table #3: Calorimetry Experiment Results- DHA-Based Algae Biodiesel 

 Trial #1 Trial #2 Trial #3 Trial #4 Trial #5 

Change in 

Temperature 

(Degrees 

Celsius) ± .05 

26.0 21.0 21.0 12.6 6.8 

Mass of fuel 

burned 

(grams) ± .01 

.440 .270 .100 1.45 .150 

Calculated 

energy 

released (in 

Kilojoules).  

± .5 

439 217 80.5 700. 39.1 

 

Sample energy calculation: 

Equation: Energy in Kilojoules = (mass) x (change in temperature) x (enthalpy of combustion) 

Enthalpy of Combustion (for methyl-ester DHA) =  38.334 kilojoules/ gram (Stacy, 9). 

Q= 6.50 co x .330g x 38.334 kj/g = 88.2 kj  
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T-Test: 

Variance: 

Regular Average: (summed energy)/5 = 163 kj 

(88.2-163)2 +(203-163)2+(224-163)2+(135-163)2+(165-163)2= 11704.04/5 = 2340 

Algae Average: (summed energy)/5 = 295 kj 

(439-295)2+(217-295)2+(80.5-295)2+(700-295)2+(39.1-295)2= 302340.06/5 = 60500  

𝑡 =
163 − 295

√2340
5

+ (
60500
5

)

 

Thus, t= 1.18 (-1.18) 

Degrees of Freedom= 8 

Critical Value: 2.31 

 

(above: (Caprette, 2)) 

Because the t value of this experiment is lower than the critical value, there is no significance to 

the data and therefore the null hypothesis is accepted. 

 

 

 

 

 

 

 

 

 

D.F. = (n1 + n2) – 2 

Where n means 

the data set total 

number 
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Conclusion: 

 

On Obtained DHA/EPA Samples 

As evident by the Time of Flight Mass Spectrometry Results, minimal quantities of omega-3 

fatty acids were detected. However, due to the work itself being on such a micro scale, even 

detection of such chemicals proves beneficial. In this respect, the experiment’s extraction 

procedure can be seen as rewarding, as the efforts did effectively produce detection. Due to the 

DHA/EPA’s presence in the extracted compounds, one can infer that omega-3 fatty acids with 

the potential to become biodiesel do exist within the Porphyra purpurea algae species.  

 

On Biodiesel Created from Refined DHA/EPA Samples 

Shown primarily in the discussed flame test results, methylester-based biodiesel built from 

omega-3 fatty acids like DHA and EPA do have the potential to be combustible in diesel 

engines. As described in the flame test’s qualitative results, the fact that the fuel does not burn on 

contact (therefore, as a liquid), but singularly burns after evaporation shows the fuel’s 

applicability in the world of gaseous combustion, such as in diesel engines. 

 

On Calorimetry Experiments involving Refined DHA/EPA Samples Converted to Biodiesel 

As portrayed by the purpose of the calorimetry statistical analysis, the energy output of the algae-

based biodiesel is vital to considering the potential application of this fuel as an alternative 

energy resource. Because a diesel engine is not available for use when testing the combustibility, 

the experiment must improvise by testing to see if the algae’s energy output is similar or higher, 

and as to whether it is flammable as a gas. According to the experiment’s results, a lower t value 

is present, showing that the null hypothesis is accepted. This supports the idea that there is little 

to no difference in the energy output of either regular diesel or DHA-based algae biodiesel, 

showing the new fuel’s compatibility as a source of combustion energy. Similarly, the fuel was 

shown to be combusted as a gas during the calorimetry procedure showing flammability.  

Improvements and Exterior Factors to be Controlled in Future Experiments: 

Description of Issue: Potential Solution: 

By working on a micro scale (due to 

resources being limited), one cannot expect 

high fuel returns, making it hard to assess the 

fuel’s efficiency. 

 With proper resources and funding, this 

experiment could be conducted on a larger 

scale. Because fuel tends to be easier to 

produce in a larger, factory-like setting, this 

procedure might even prove to be less 

intensive than working on a micro scale. The 

only limit is the resources available.  
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Without a diesel engine for testing, it is 

impossible to tell whether or not the fuel is 

safe for automobile application. 

If production were held on a larger scale, it 

would be easier to obtain large quantities of 

DHA/EPA from the algae. Thus, a higher 

amount of biodiesel could be produce and, if 

the resources proved available, run through a 

diesel engine. 

By purchasing samples of algae harvested 

from the ocean instead of a controlled 

growing area, other chemicals present in the 

wild seaweed have the potential to disrupt 

results. 

With resources and funding allowing it, algae 

samples could be harvested from the wild and 

grown in controlled mass-production 

conditions, allowing for contamination levels 

of the algae biofuel’s crude oil source to 

decrease. 

By using purified DHA/EPA (thus, omega 3s 

with the contaminants purposely removed), 

we cannot tell the true potential of algae-

extracted omega-3 fatty acids as a fuel source. 

By working to produce the fuel on a larger 

scale, higher quantities of non-refined oil 

could be extracted and used instead of 

purified DHA/EPA samples, making the 

potential of the extracted omega-3s the more 

centralized point of the study. 

Linoleic acid seemed to be detected a lot 

within the experiment’s Time of Flight 

results. Being a part of the DHA omega-3 

molecule, this might indicate that your 

extraction procedure is causing DHA to break 

down. 

First off, one can analyze what causes DHA 

to break down as a molecule, and isolate the 

potential cause of this breakdown. Because 

there are many forms of extraction possible, 

this problem can be identified and eliminated 

in the procedure to conserve the DHA 

molecule. 
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