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Abstract

Alga is a microorganism that with the proper help could reduce global warming and our dependence on crude oils by using the carbon dioxide from smoke stack emissions and exhaust fumes to grow acres of algae.  A strand of algae that have a high lipid concentration such as Nannochloropsis salina, can be used to produce biodiesel, the most feasible alternative to crude oils. Isaac Berzin, a rocket scientist at Massachusetts Institute of Technology has been using power plant exhausts to grow algae. Our experiment is trying to find the amount of CO2 that would create optimum cell production in Nannochloropsis salina. The same amount of air and nutrition is provided for the algae. And every other day CO2 is bubble through the system until the pH level in each flask has reached the designated level to give the algae the extra boost of CO2 needed to promote photosynthesis. Growth visibly showed in the flasks after the first day of introducing CO2 to algae. Growth of algae was determined by its density. The algae were measured with a Vernier Colorimeter with red, blue and green wavelength.  The data showed that the transmittance decreased as the pH increased. While earlier researches suggest that CO2 enhance algae growth, the results of this experiment did not suggest so. Future researches are required to support the conclusion.
Introduction


The objective of this research was to find out how much carbon dioxide will yield the most amount of Nannochorlopsis salina, an alga. Carbon dioxide is an essential part of photosynthesis and will increase the growth rate of algae.(Welty, 2005) The carbon dioxide levels were determined by the pH level drop of the sea water. Carbon dioxide gas when added to water reacts with water and produces carbonic acid. The carbonic acid drops the pH level in the sea water. Through experimentation, the pH level maintains at 5.6 and ceased dropping. The sea water that was used (instant ocean mix and distilled water) had an original pH level of 8.5. There was one controlled (no carbon dioxide) and nine with carbon dioxide level ranging from 5.7 to 8.5 in increments of around 0.235. 

Background

In 1978, the U.S. National Renewable Energy Laboratory began experimenting with algae as a biomass source. (Briggs, 2004) Algae have been known to grow on the following items (Namin, 2003):

•  Animals (Reported substrates include turtles, snails, rotifers, worms, crustacean, and other animals)

•  Aquatic Plants (algae grow on and inside water plants, including other algae)

•  Artificial Substrates (wooden posts and fences, cans and bottles, etc.)

•  Billabongs and Lagoons (rich micro-algal habitats, especially for desmids)

•  Bogs, Marshes, and Swamps

•  Farm Dams

•  Hot Springs

•  Lakes

•  Mud and Sand

•  Ponds (ephemeral)

•  Puddles

•  Roadside Ditches and Rocks

•  Pools and Reservoirs

•  Rock (internally and externally)

•  Saline Lagoons, Saline Lakes and marshes, Salt Marshes and Salt Lakes

•  Snow

•  Soil

•  Streams

•  Terrestrial plants 
One of the main problems with using algae as a biomass producer is that the Aquatic Species Program of NREL focused their research on open ponds only, meaning that the strains chosen must be very hardy to be able to withstand changes in the elements and pH of the ponds. (Briggs, 2004) Also, strains that have higher oil contents divert their energy for making carbohydrates and proteins into producing oil, which causes the strain to have a slower growth rate and be more susceptible to environmental damage.


There are two viable ways to mass produce algae, the race-way pond and the photo bioreactor.  The raceway ponds are open ponds, which makes them susceptible to contamination.  The success of open ponds also depends on the location, as the climate that the pond is in will greatly influence the algal growth. (Wikipedia, 2006) The photo bioreactor, on the other hand, utilizes a completely controlled environment. In a photo bioreactor, the algae have a constant source of light and are protected from the elements. Photo bioreactors are comprised of tanks with a light source, polyethylene sleeves or bags, and glass or plastic tubes.  Unfortunately, while the photo bioreactor will eliminate most of the contamination problems associated with open pond growth, it is also more expensive. 
The U.S. spends 100- 150 billion each year on oil from other countries. Often the oil rich countries are politically unstable thus the U.S. has to use military means to secure the oil reserves that are the bases of our economy.  Each year, the U.S. consumes about 60 billion gallons of petroleum diesel and 120 billion gallons of gasoline (Briggs, 2004). Spark-ignition engines run on gasoline and are approximately 40% less sufficient than compression-ignition (Diesel) engines. If all spark-ignition engines are replaced with diesel engines, then there would be less biodiesel needed to replace the gasoline. So instead of 120 billion, 78 billion gallons of biodiesel will be needed. Combine that with the 60 billion to get 138 billion gallons of biodiesel. However, biodiesel is about 2% less fuel efficient than regular diesel because of the more lubricant and more complete combustion nature it has.  2% more than 138 billion is 140.8 gallons of biodiesel. (Briggs, 2004). In 1978, the Department of Energy’s Office of Fuel Development division funded a research done by the National Renewable Energy Laboratory. The research started out as using algae to clean coal power plants’ CO2 emissions, but it turned towards using algae as biomass to produce biodiesel when it discovered that some strains of algae has considerably high lipid content.  However, the government terminated the research in 1996. The research focused on growing algae farms in the Sonora desert which consists 120,000 square miles. It found that 7.5 billion gallons of biodiesel could be produced from 780 square miles of desert land. 140.8 billion gallons is the amount that needs to be replaced, and will take 19 times of 780 square miles, or almost 15,000 square miles of algae farm. That amount of land is roughly 12% of the Sonora desert. 
To use algae as a source of biodiesel, the algae have to have a high lipid concentration.  Some species of algae that have notably high lipid concentrations include Neochloris oleoabundans, Scenedesmus dimorphus, Euglena gracilis, Phaeodactylum, Pleurochrysis carterae, Prymnesium parvum, Tetraselmis chui, Tetraselmis suecica, Isochrysis galbana, Nannochloropsis salina, Botryococcus braunii, and Nannochloris sp. (Namin, 2003)Although Nannocholorpsis salina does not have the highest lipid concentration, it was chosen to conduct this experiment because it tolerates a large range of salinity (0-36ppt) and thrives with high concentration of CO2. 

Coal powered factories and petroleum powered cars are common and popular among the world today. Burnt coal and petroleum put a lot of excess CO2 into the atmosphere and therefore causing global climate change.(Clayton, 2006) Petroleum is found in the Earth’s crust and takes billions of years to form. There is an estimate of about 1.2 trillion barrels of petroleum in know reserves today. The population consumes about 84 million barrels per day, which adds up to 31 billion barrels per year. Although there are about 1.2 trillion barrels of petroleum, only about 1/3 of the total preserves can be used because of geological and technical difficulties involving the pumping of the petroleum. Thus, at the current rate of consumption, the 1.2 trillion barrels of petroleum will only last about 32 more years. Hence, at around 2039, there will be no petroleum. (Wikipedia, 2007)

This prediction is based on the current rate of consumption and the current known reserves. Maybe in the future more petroleum reserves will be discovered and or technologies invented that will aid the oil companies in retrieving that 2/3 of the petroleum that currently is untouchable. And maybe the increasing population will increase the rate of consumption and shortening the already minute 32 years period.

A possible solution to cutting down carbon dioxide to lessen the effects of global climate change and depletion of petroleum is algae. One acre of algae ponds can yield up to 15,000 gallons of biodiesel a year, while corn, currently the main source of  biomass, yields 18 gallons per year; soybeans yields 48 gallons; palm oil, currently the best non-algal source, yields 635 gallons per acre per year. (Riesing, 2004) Hence, algae are 23.6 times a better biomass than palm oil. (Clayton, 2006) To make algae even better than it is as a biomass, the CO2 emitted by factories and power plants can be employed to make algae grow at a faster rate and reduce the amount of greenhouse gas. 
The design of this experiment was to test the hypothesis of the direct correlation between the increase in CO2 and the increase in algae growth. Current studies are being done by Isaac Berzin, a rocket scientist, at MIT built photo bioreactors on the 20mega-watt power plant behind MIT campus. (Clayton, 2006) The Solix Biofuel has also collaborated with Colorado State University in mass producing algae in photo bioreactors. (Solix Biofuel, 2006) PetroSun is already in its final stages of testing commercially scaled algae photo bioreactors farms with CO2 injections. (Biodiesel Times, 2007). Although many companies are already commercially developing algae bioreactor farms and injecting CO2, there were no specifics on how much CO2 is needed for optimal growth. This experiment expects the algae that have the higher levels of CO2 to reproduce at faster rates than the algae that did not have CO2. The results of this experiment could possibly aid companies that are developing algal biomass using CO2  emissions in giving them a limit to how much CO2 is too much or not enough. And then algal biomass could relive the U.S.’s dependency on foreign countries for petroleum and reduce green house gases.  
Methods and Materials:

Sterilization:

Autoclave

Protection goggles

6% HCl solution

NaNO3 solution (1.0 mole)

Bleach

Distilled water

Microwave

Inoculation:

Petri dish of Nannocholorpsis Salina 4oz (Ordered from AquaticEco website)

10 glass 250ml flask
10 one inch air stones (Petco)

2 manifolds (can be obtained from local pet store or aquarium shops)

25 ft. clear tubing ¼ inch diameter (Petco)

One tank of CO2 (already available at CV)

One Regulator (Airgas)

Nu-salt (Type I) (Argent Chemical Laboratories) (Spencer, 2007)

Distilled water
Instant Ocean sea salt (Petco)

2 Fluorescent light tubes (40 watts, 5000k) (Beran, 2007)

Constant air supply (provided by CV science wing, built in)

Extra tubing (to size down from the tubing provided from the CO2 tank)

Parafilm (provided by the CV science wing)

Measuring:

Vernier Colorimeter (CV science wing)

Vernier pH probe

Computer/ Lab top with Logger Pro 3.3 or higher

Pipet

1 one inch air stones (Petco)

Procedure:
Sterilization: 

Rinse all materials in fresh water.

Soak all materials in bleach water

Rinse all glassware with 6% hydrochloric acid solution

Neutralize HCL with NaCO3

Rinse all materials with boiled distilled water

Autoclave seawater (Instant Ocean and distilled water)

Inoculation:


Leave algae under 40 watts light in Petri dish and fill with autoclaved seawater for 12-24 hours


After 12-24 hours, use sterilized swab to swab algae cells off from agar plate and into 250ml flask filled with autoclaved seawater. Swirl swab in water until most of the cells have come off


Set up fluorescent light tubes (40 watts/5000k)


Hook all hoses to a gang manifold and the gang manifold to an air outlet; let air run through hose until all liquid has been cleared out of the tubes


Poke a small hole in each Para film a with sterilized scissor just big enough for a hose to pass through


Pass hose through the Para film and hook to a 1inch air stone


Allow air to flow through and adjust air flow



Add nutrients (0.0625 grams of Nu salt per 250ml water)
CO2 Introduction:

Hook hoses to a CO2 tank

Measure original pH level before adding CO2

Add CO2 to liquid until the pH probe reads the desired pH level (5.7, 5.9 ect.)
Data Collection:


Extract algae solution from flasks with a sterilized pipet to fill cuvette (the small clear container of the colorimeter)


Put the cuvette in the colorimeter and close the top


Record the reading of the red wavelength (635nm) and blue wavelength (470nm)

Methods:


It is very important that all materials that will be used be thoroughly sterilized. There are two methods of sterilization: acid wash and 100 degree C water sterilization. For acid washing, rinse glass wares in 6% HCl and then pour the HCl into another glass container. The HCl must not be poured into the sink. The glass container of HCl will be neutralized with NaNO3. Other materials that cannot with stand acid will be sterilized with distilled boiling water. The water can reach the boiling point by putting it in glass container (make sure it is not cracked) and microwave it for 5 minutes. 

To mix the sea water, two gallons of distilled water is needed. Put 135.284 grams for every gallon and autoclave.  The Petri dish of Nannochloropsis salina needs to be started; fill the Petri dish with autoclaved sea water and leave for 12-24 hours (AquaticEco, 2007) under 40 watts fluorescent light. Then remove algae from the Petri dish by using a medical sterilized cotton swab to a sterilized flask filled with autoclaved seawater. A different swab is to be used for each flask. Set up fluorescent lights. Hook clear tubing (1 ft each) to air stones on one end and to a gang manifold on the other end and hook the gang manifold to the air supplier. Add 0.625 g of Nu Salt to each flask. Cut pieces of Parafilm to cover the mouth of the flask so water does not spill. (Poke a small hole with a sharp object and put tubing through then connect air stone) Open the air valve just enough for small bubbles to agitate the algae solution. CO2 will be added every other day. First, measure the initial pH level of the algae solution. Second, insert tubing with air stone into the flask and bubble CO2 until it reads 5.7 on the Logger Pro program. Do the same thing for pH levels 5.9, 6.3, 6.6, 7, 7.35, 7.7, 7.9 and 8.15. One will be left out as the controlled (with no CO2 added). Then allow the flasks to sit awhile (1 hour) and then connect the hoses to the air supply again. 

For measuring the density, use a Vernier colorimeter to determine the transmittance of the algae. Use blue (470nm) and red (635nm) wavelength but not green because algae are already reflecting green. The higher the light transmittance (in percentage) is, the lower the density. (For operation manual, see 16.) in bibliography)

Results:

pH level          Red Transmittance    Blue Transmittance   

	5.7
	90.46%
	87.11%

	5.9
	62.72%
	61.29%

	6.3
	63%
	63.04%

	6.6
	64.96%
	65.69%

	7
	60.04%
	56.13%

	7.35
	67.08%
	68.58%

	7.7
	64.78%
	63.84%

	7.9
	53.9%
	56.06%

	8.15
	59.27%
	55.26%

	Controlled 8.5
	63.07%
	65.69%


Figure 1 is the data recorded with the colorimeter on Monday, Feb. 11 2007
pH level            Red Transmittance   Blue Transmittance

	5.7
	35.3%
	28.82%

	5.9
	24.98%
	21.73%

	6.3
	34.95%
	28.61%

	6.6
	26.83%
	22.61%

	7
	24.21%
	21.42%

	7.35
	60.14%
	58.92%

	7.7
	39.94%
	33.94%

	7.9
	55.85%
	53.2%

	8.15
	32.34%
	26.97%

	Controlled 8.5
	31.05%
	25.545%


Figure 2 is the data recorded with the colorimeter on Friday, Feb. 16, 2007
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Figure 3 the plotted data points are shown in a scatter graph with logarithmic regressions. 
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Figure 4 shows the absorbance of the controlled (no CO2), to CO2 added algae.
The independent variable was CO2. The CO2 was not determined by parts per million (ppm) in water. It was determined by the pH level. Carbonic acid is produced when CO2 is added to the water; this lowers the pH. This method only measured the relative concentration of CO2 in each flask. (The lower the pH is the higher the CO2 concentration is.) The difficulty in finding the specific concentration was the fact that distilled water was used. Distilled water was mixed with Instant Ocean sea salt, which produced very little carbon hardness, or KH. Both KH and pH had to be known for the calculation of CO2 concentration in ppm. The dependent variable was the algae growth. The algae turned from clear to light green in the flasks in about two days’ time. However, the measured data showed that as the pH level increases (less CO2), the transmittance decreases; which means the density of the algae increases. The data collected on February 11, 2007 showed that points of the lowest transmittance were at  pH levels of  7.9. On February 16, 2007, the lowest transmittance had pH level at 7. 

Overall, controlled had higher absorbance level (lower transmittance) than the average of all absorbance levels of the CO2 added algae. See figure four.
Three sets of data were taken on 02/11/07, 02/16/07, and 02/19/07 respectively. The collected data were plotted on a scattered graph and the logarithmic correlation was found. The r2 value was found for each line. See figure three.  

According to the graph, the first set of data showed a declination as the pH level increased. Since CO2 was the factor that lowered pH in the water, the pH level increase means lower concentration of CO2.

The second set of data was taken on 02/16. The transmittance of each specimen lowered an average of approximately 26.7% in the red wavelength and 30.1% in the blue wavelength. The line of best fit also showed an inclination as the pH increase, contrary to the first set of data.

There was one negative “difference”  between the first set of data and the second set of data. The bottle that labeled 7.9 had 53.9% transmittance the first time and 55.89 the second time. An increase in transmittance means a decrease in algae concentration.

Also, the third set of data was collected on 2/16 to further evaluate the data. It showed similarity in declination to the first dataset. The data also increased in transmittance and decreased in absorbance from the second dataset.

Discussion


When the first set of data was taken, the results were surprising because it did not support the hypothesis of as carbon dioxide increase, the algae growth will increase also, The data was almost opposite of the hypothesis. As discussed earlier in the results section, the data showed a decrease in transmittance as the pH level increase, or as the CO2 level decrease. The best pH level for aquatic plants is 6 to 7.5 (Garden Web, 2006) and since the pH levels are near that, there could be the possibility that the pH level of the sea water affect the growth rates of algae more than the amount of CO2 in the water. Or that the algae only used part of the CO2 that was added and let the rest of the CO2 flow out. There was also no indication on if the CO2 dissolved in the water. The CO2 could have escaped the flasks at a faster rate than the algae can utilize it in photosynthesis. Or not enough time was allowed for the algae to grow and use the CO​2.


The second set of data did support the hypothesis. The ascending line shows that as the pH level increase, the transmittance increases also. This indicates that as the CO2 level increase, the density of the algae solution increases. The second line indicates that CO2 does increase growth in Nannochloropsis salina, but the initial objective of the experiment did not consider the pH level of the water as a possible independent factor. And with limited time, only two sets of data were recorded. If more time was permitted, more data would have been collected and the results would show a more visible pattern.
A bigger problem appeared after the third set of data was taken. All of the data points had higher transmittance and absorbance than the second set of data. Theoretically, the algae density will increase with time because of increase in cell growth. Since the colorimeter only read the transmittance and absorbance. It was suspected that a color change in the chlorophylls had affected the data. The reason could be not enough light for the algae and the chlorophylls changed to a lighter shade because there was a difference in light in the day and at night. (Light is turned on during school days and off at night and weekends). Or the food (Nu salt) had run out with the increasing amount of algae cells. Possibly human errors affected it. Different group members recorded different sets of data. One person collected the first and the third sets of data and the other collected the second set. Difference in operating the colorimeter could have affected it. An instrumental error could have occurred also. It was not certain that the same colorimeter was used for every testing.  
Time was a big factor in this research.  Growing the algae require a certain amount of time before there are enough for data collection and evaluation. The algae were inoculated on January 29, 2007. Data collection was not possible with algae density measuring stick. Thus the transmittance and absorbance of algae solution was measured with Vernier colorimeter. The exact amount of CO2 (in ppm) was unidentified. Only relative concentration was compared to the controlled. The experiment design intended to have CO2 concentration as the independent variable, but the algae growth could be dependent on pH level as well.

Mistakes have 
been made during this research. The equilibrium with the atmosphere is 5.6. Thus the pH level will drop no further than 5.6. The goal was to have the hold the water more CO2 than it can. Lower temperature or higher air pressure could increase the amount of CO2 dissolved. (Matthes, 2007)  A different atmosphere was created by having a balloon over the mouth of each flask. The balloons were filled with carbon dioxide. The first experimentation with adding CO2 was conducted and then the balloons covered the mouth of the flasks. However, the gas had leaked out of the balloon in the morning of next day. 

Although the balloon theory proved to be a mishap, another attempt at creating a pure CO2 atmosphere was tried. Instead of putting the balloon on after the CO2 injection, an empty balloon on a glass tube was inserted through a rubber stopper with two holes. The other hole was inserted with tubing connected to the CO2 tank. However, the algae solution siphoned out because of pressure difference. This could have affected the results because of the reduced amount of water and algae. 

Futures studies should be more accurate and should determine the exact amount of CO​2.  A continuation project could do at least 10 more testing because the results would be closer with each additional data set. Also, colorimeter was of the most availability at the time, but it is not the most accurate tool for measuring the density or cell count of the algae. Thus the continuation project or future research could use the turbidity sensor. Turbidity sensor is commonly used for the clarity of water. Future data collection should be done with these instruments.  Also, the algae production should continue (with CO2 added) to find at which concentration of CO2, the algae yields the most lipids for biodiesel production. 
Conclusion:


Alga is currently considered the most feasible biomass in biodiesel production. It can clean smoke stack emissions and use the CO2 to expedite growth rate. The lipids can be extracted and processed to create biodiesel and ethanol. The results of this experiment suggested that too much CO2 injected affects the pH level of the water and restrain algae from optimal growing condition. However, earlier researches demonstrate the positive effects of CO2 have on algae growth. Thus further researches and more datasets are required to support the conclusion.
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