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Final Report 

“To determine if elevated levels of CO2 will increase the yield of farmed algae” 

 

1. Background 

There is much concern about the harms of CO2 emissions; its impact on global warming and the need 

to reduce CO2. There is a paradox in that CO2 is both an essential ingredient in plant production and 

a gas that causes global warming. It seemed to me that an opportunity existed for the production of 

useful plants and the sequestration of CO2 emissions. 

 

2. Questioning and Predicting 

Question 

Do elevated levels of CO2 increase plant yields?  

Hypothesis 

The initial substrates that affects photosynthesis are carbon dioxide and water with sunlight as the 

energy source. If all other factors remain constant, I predict that increasing the supply of carbon 

dioxide will increase the rate of photosynthesis which should increase plant yield.   

 

3. Planning Investigations 

Mentor 

My grandfather being a retired agricultural scientist was the obvious choice to be my mentor. I also 

contacted Dr Kirsten Hiemann, Associate Professor, School of Marine & Tropical Biology from James 

Cook University who answered my many questions and provided valuable advice as well as the 

Chorella stock for my experiment.  

Plant Selection 

My first decision was to select a suitable plant for the experiment. I considered vegetable plants 

such as tomatoes, chilli peppers or capsicums, as they grew quickly, but realised that it would be 

difficult to grow these in a tent or bottle to hold the enriched CO2 atmosphere. Further investigation 

showed that the species of algae Chorella was the most suitable plant for the experiment and a 

result would be obtained in a shorter period. Also yield could be measured more readily than 

weighing vegetables or measuring leaf area, by using spectrophotometers or microscopes. My 

mentor helped with additional internet searches and we discovered that research into the 

production of algae was taking place in several research bodies in Australia, in particular CSIRO and 

James Cook University. 
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Yield Measure 

Three methods were considered: weighing of dry matter, using a Spectrophotometer to measure 

concentration and using a microscope to measure cell count with a Haemacytometer Slide. As I did 

not have access to the necessary equipment and lacked operator knowledge and experience for the 

first two methods, I decided to employ the third method. The Haemacytometer Slide has counting 

chambers and has been developed for counting blood cells and is used to calculate the cell density 

of an algal culture. I can count the number of Chlorella in each chamber using a microscope and 

average the number of cells in each chamber. Ms Doran, the head laboratory assistant was helpful in 

instructing me with the proper use of the microscope.   

Risk Assessment 

The only risk that could be identified was the danger of pressurised CO2 escaping into a closed room 

so the experiment was conducted with food-grade CO2 in a very well-ventilated area. This point was 

stressed by Dr Kirsten Heimann. 

Experimental Variables 

At one stage I thought I could also look at two different temperature settings or different lighting as 

well but it was explained to me that that would make it a much larger experiment with more 

equipment and materials. Hence the experiment would have only one variable and that was the CO2. 

My mentor (my grandfather) stressed the need to make sure that everything else was exactly the 

same between the treatment (air+CO2) and the control (air only). 

 

4. Conducting Investigations 

Method 

The experiment was conducted at my home. Equipment purchased, materials used and the setting 

up of the experiment is described below, 

 Location: on a verandah facing N /NE to capture direct sunlight 

a) Containers and glassware: 2l. Erlenmyer flasks were purchased together with a 

thermometer, 25ml and 10ml pipettes, sample bottles. Before use, the flasks were sterilized 

in the oven at 200oC.  

b) Tubing and Rubber Stoppers:  I purchased clear 4mm tubing connectors and valves from 

Bunnings. I also had rubber stoppers and made holes in the stoppers for gas in and gas out. 

c) Algae species:  Chlorella is a genus of single-cell green algae, belonging to the phylum 

Chlorophyta. It is spherical in shape, about 2 to 10 μm in diameter. A sample of this species 

was made available by Dr Kirsten Heimann of JCU on her recommendation. 

d) Water: Sydney tap water cannot be used without de-chlorination and killing of foreign 

bacteria. I boiled water for a period in a pressure cooker and set the water aside to cool. 
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e) Medium solution: As Chlorella is a single-celled plant, it requires a NPK micro-nutrient mix 

to make sure there is no nutrient deficiency. A flask of nutrient solution was supplied by Dr 

Heimann, in addition I also used normal garden fertilizer “Miracle-Gro” at a concentration of 

10gms per 500ml and 200ml of this concentrated solution added to each 2l Erlenmeyer 

flask. Miracle-Gro is 15% Nitrogen, 13% phosphorous, 12.4% potassium and micronutrients 

of Fe, Cu, Zn, Mn, B and Mo. The medium solution was acidic so to neutralize the PH I added 

a bicarbonate of soda solution until the PH reached 7.0.  

f) CO2 source: a 10kgm bottle of food grade CO2 was purchased and connected by tubing to 

the treatment flask. 

g) Air pump: I found an old aquarium air pump and used that to supply air to all the flasks. 

Research showed that the algal solution must be constantly stirred and the air pump was 

connected to both the treatment and control flasks. This worked very well. 

h) Temperature: internet research had shown that Chlorella grew best at a temperature of 

26o to 28o. I placed an electric pet heating pad under the flasks. A thermometer was used to 

check temperature each time samples were taken. 

i) pH: Dr Heimann explained that the pH of the growing solution should be kept between pH 

7.0 and pH8.0. At the start, the pH of the de-chlorinated growing solution was less than 7.0 

so sodium bi-carbonate (from the kitchen) was added. pH was measured using indicator 

papers (range pH6.4—8.0) but this method was not completely satisfactory as it did not 

detect any differences in pH between the +CO2 treatment and the control.  

j) Inoculation: at the start of the experiment, 20mls of the solutions containing the Chlorella 

was added to each flask bringing the level to 2l. 

k) Sampling Method: I took 7ml samples were taken from each flask every week to measure 

the cells using a microscope and haemocytometer. The magnification level was 160x and the 

cells were counted in the smallest square of the haemocytometer slide. The results were 

entered in the log book. In addition the temperature of the medium was recorded. 
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5. Processing & Analysing Data 

Results 

 

 

Data Analysis 

 

Yield of Chorella is shown as Chorella cells per chamber of the Haemocytometer slide. For the 

duration of the experiment, samples were taken on the dates shown in the table. In addition, the pH 

level and temperature were recorded 

Discussion 

The difference in growth between the +CO2 treatment and the control was measured as individual 

algal cells per chamber on the haemocytometer slide. These are shown in the Results section. What 

has not been shown in the experiment is the relationship between cells per chamber and yield 

measured as weight of algae per litre of solution. Farmers normally talk of tonnes or kgm of material 

per hectare or some similar measure. However, yield as cells per chamber is a good measurement 

for this experiment. 
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Conclusion  

This experiment clearly showed that algal growth is increased when additional CO2 is added to the 

growing environment. The difference between the +CO2 and the control was 48%.  

 

 

 

6. Problem Solving 

Problems Experienced: 

a) PH measurement: a more accurate method of measuring pH could have been used as we 

know that higher levels of CO2 in water lead to more acidic oceans. 

b) Water temperature: In order to increase the temperature of the growing medium to 

something closer to that recommended (26o to 28o) I placed the flasks on heated pet pads 

but this was inconsistent and was insufficient as the colder May-June temperatures of 

Sydney (particularly at nights) meant that the medium was around 21o to 28o for the period 

of the experiment.  

c) Sunlight: Similarly, reduced day length in May and June and some shading did not give the 

best sun light conditions for the experiment. 

d) Churn: The +CO2 sample had 2 separate tubes pumping air and CO2 as opposed to the 

control sample which only had 1. The additional tube supplying CO2 created more churn or 

movement and I am unsure if that might have affected the algae growth rate.  

e) Contamination: The first batch of the experiment I suspected was contaminated. To fix 

this problem, I had to wash and sterilize all the equipment. I am unsure where the 

contamination derived from, but I suspect it could be from unsanitary equipment or from 

spores travelling through the air. To prevent this problem from reoccurring, the algae should 

be kept in clean, well-sealed containers. 
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7. Potential Applications 

The result from my research supports the idea of building commercial algae farms near coal-fired 

power stations. Algae farms can use the excess heat and CO2 generated from the power stations. 

The optimal algae species needs to be considered given the CO2 temperature and sunlight as well as 

commercial value of the algae. 

The first experiment was terminated due to contamination. This illustrates the need for a 

commercial algal farm to apply the most stringent hygiene controls and to keep the algal growth 

isolated from agents that may contaminate it. 

The algae farm should also be designed for optimal sunlight or solar powered lighting.   

Algae can be used as food for farm animals, fertilizer and many food products and medicines. As well 

as this, algae can be produced as a renewable biofuel source. It is grown (taking up CO2) and then 

burned (creating CO2 and energy). This can power airplanes, cars and other things. 
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Log Book 

 Mia Cameron-----STANSW Young Scientist Awards 2014  

Date Description 
Jan 2014 Discussion with parents and grandfather about a 2014 entry for the Young Scientist 

awards. What would be a good experiment?  

 Global warming is a problem in the present day and future. 
 

 My initial idea is to test whether extra CO2 will have an effect on plant growth. 
Other ideas for plants were tomatoes and chillies as they are hardy and easy and 
fast to grow. 
 

 I decide on algae as it is more practical for the experiment and it is a useful product 
and renewable energy source. People might be afraid of to consume crops grown 
near power stations or with excessive CO2. 
 

March  Experiment is drafted. 

March Began investigations into yield measurement.  3 methods were considered: 
 

1. Dry matter—take a sample (10ml?) of the liquid, place in a weighed petrie 
dish and evaporate the water in a drying oven (does school have 
one?)Weigh when cool and determine the weight of dried Chlorella. 

2. Use a Spectrophotometer to measure concentration. The more 
concentrated the solution is, the deeper its colour and the less light that 
can pass through it. The use of this method may be too difficult for this 
experiment as first we would have to have access to the instrument and 
then it would have to be calibrated to the measurement of Chlorella at 
varying densities and colours.  

3. Use a Microscope & Haemacytometer Slide. This has counting chambers 
and has been developed for counting blood cells and is used to calculate 
the cell density of an algal culture. One counts the number of Chlorella in 
each chamber using a microscope and averages the number of cells in each 
chamber. This method used on YouTube video and is relatively easy to 
conduct. 
 

March Began investigations into bioreactors. Initially I tested 3 alternatives: 
 
1. PET Bottles: this option was initially tested and we found that the bottle cap 
couldn’t seal effectively. 
2. Clear Plastic Cylinders: we tested clear plastic 5cm diameter cylinders but 
couldn’t guarantee the seal would hold over a longer period of time. Also the 
Cylinders and PVC pipe were expensive. 
3. Erlenmeyer Flasks: After additional research I decided to use Erlenmeyer flasks 
with rubber stoppers. The Erlenmyer flasks can be heated at high temperatures to 
kill foreign bacteria, and are clear, so light can be let through easily. 
 

12-28 March Made contact with Dr K Heimann, JCU via email and phone. 
 

 Checked with the school to ask whether a spectrophotometer or drying oven was 
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available, neither was. I decided to purchase a haemocytometer slide and use it. 
 

22 April My parents purchased Erlenmeyer flasks, rubber stoppers, glassware, and 
equipment. 
 

23 April I borrowed an old Wild microscope and it was set up and cleaned.  
 

24 April 
 

1 litre Chlorella sample arrives in post from Dr  Heimann of JCU—sample described 
as batch B.B.M. – held in frig at 4oC  
 

24 April I took a sample of cells and tested the Wild microscope. I discovered that at 200x 
magnification didn’t have the magnification to count the cells. I decided to 
continue with the experiment until I found a solution. 
 

3 May Flasks and other equipment arrive.  
 

4 May Purchased plastic tubing, rods and valves from the irrigation section at Bunnings. 
Assemble air-only prototype and connect to air pump. Run prototype test. 
Check cost of hiring food standard 10kgm CO2 bottled gas. 
 

5th May Erlenmeyer Prototype works. No leakage from the flask setup. 
Attach air supply to Dr Heimann’s sample as we were afraid that the sample would 
die. 

16th May Testing Batch. prepared to grow more algae as original sample will die soon. And to 
see whether equipment and microscope is working. Still not possible to count cells. 
CO2 bottle arrive. 

18 May Borrowed a higher powered Amscope microscope. After some trial and error found 
that the higher power could identify individual cells and count cells per chamber. 
Much trial and error to correctly use the haemocytometer slide.  
 

22nd May  First experiment is prepared. Make up fertilizer solution using Miracle-Gro at the 
rate of 10gms per 500ml water. 200ml of this solution added to each flask. 
 

23—28 May Start recording temperature and pH 
 

29th May Despite a good start I see that that each flask has turned a different colour. One 
sample is yellow-green and the other is blue-green also the control sample was 
growing far faster than the other. Contamination was suspected.  
First experiment is terminated. 
 

2nd June Second experiment is prepared using the original Chlorella solution held in reserve. 
 

2 –18 June Take measurements and record on data sheets. 
The both test samples were the same colour; the +CO2 turning a shade darker 
faster than the control.  
 

June  Algae reaches highest yield and stops growing as sunlight cannot get through to all 
the cells, causing the cells to slowly die. The ambient temperature has also fallen 
and it was difficult to keep samples at the recommended temperature range.    
 

20 June Finish experiment and dismantle equipment. 
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July Start writing final report. 

 


