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Preface
The Learning scenario “Algae” is part of the Erasmus + project BioComp. In that project, the
most relevant competencies for professions in the sector “Algae” are analyzed, described
and ranked. Based on these competencies this Learning Scenario has been developed for
EQF-level 3-4. The focus is on technical competencies.
See also the BioComp Navigator: http://navigator.biocompetences.eu
Nr

Competences ranked according to the importance

Module

A1

Circular economy - knowing the complete process of algae
production.

1

A2

Production and environmental data - Ensure that operations
comply with standards for sustainable aquaculture.

3

A3

Maintaining equipment - Measure and control water quality

5

A4

Identify diseases or parasites - Monitor the health, based on
feeding and general behaviour. Interpret environmental
parameters and analyse mortalities.

4

A5

Breeding, reproduction, structure and cultivating - To know about
structure, breeding rearing, and production.

3

A6

Harvest of algae - Ensure that careful, superficial and automated
algae harvest.

3

A7

Monitoring and documentation - Compose work-related reports
that support effective relationship management and a high
standard of documentation

5

These 7 most relevant competencies are covered by 5 modules:
1.
2.
3.
4.
5.

Circular economy
General aspects of algae
Production and harvesting
Predators, Pests and Pathogens
Technical aspects of algae growing

Apart from these 5 text documents, the scenario also has a trailer and a WIKI, with
background information. To support the teacher, didactic guidance is available. It can be
used for all scenarios and also includes suggestions for learning activities to develop personal
and transversal competencies. See for this guidance, also the Navigator.
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Content:
Module 3 contains the following topics:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Introduction
A wide range of products made from algae
Algae cultivation
Controlling the process
Harvesting
Experiment “Growing Spirulina”
Test
Quiz
Sources

Picture: Seaweed

Source: Ira Levine, PhD. Natural and Applied Science University of Southern Maine, Algae
Foundation.

page 4 of 33

MODULE 3

PRODUCTION AND HARVESTING

1. Introduction
Algae: you can eat them, wear and build with them, and they are renewable.
As explained in Module 1, algae are a diverse group of photosynthetic organisms. There are
over 200,000 different species, including the algae you see on ponds, rivers and marine
species like giant kelp.
Algae grow as follows: Algae take CO2 from the atmosphere through photosynthesis in the
same way that plants and trees do. But they can absorb more CO2 and they grow much
faster: 1 cubic meter of algae culture is equivalent to 100 square meters of forest in carbon
capture. And they are not dependent on agricultural land, fertilization or freshwater. By
taking the CO2produced by industries like petrochemical manufacturers and power plants,
the algae can reduce overall CO2emissions. And algae also use the nitrogen and phosphorous
in wastewater generated by food processing, agricultural, and similar industries to grow.
For more information about the growth of algae, see the following two videos:
https://www.youtube.com/watch?v=edfgaS01b10
https://www.youtube.com/watch?v=LaFHIhMpJQo
Picture: Seaweed

Source: Ira Levine, PhD. Natural and Applied Science University of Southern Maine, Algae
Foundation.

page 5 of 33

2. A wide range of products made from algae
Algae produce a wide and still growing list of products. Some examples you may not expect.
What to think about fuel, vegan eggs, food colouring and running shoes. All be made from
algae. In this paragraph, more examples are given.
Bulk products
Algae can be mixed with the gasoline to make biofuel and can be converted into biodiesel
and bio-jet fuel. Algae-based lipids are converted into bio-kerosene, this makes algae
important for the reduction of emissions.
Algae can also be used for animal and human food. Because they contain carbohydrates,
proteins and vegetable oils, in particular omega-3 fatty acids, microalgae have great
potential to provide sustainable animal feeds. They also contain important micronutrients
and vitamins, as well as valuable pigments used in animal feeds, such as beta carotene,
lutein and astaxanthin.
As a result, algae have emerged as exciting sources for higher-value, speciality animal feed. It
is used as a source of feed, including as feed for fish and shellfish like clams, oysters, mussels
and scallops. It is the original source of omega-3 in fish oil food supplements, so it is a vegan
alternative to cod liver oil. Besides high-added-value products for niche markets, such as
algae powder for the dietary supplement industry and algae extracts to control moulds in
golf fields, there is also increasing interest in bulk products such as raw materials for
bioplastics, biofuels but also algae protein for food applications.
Picture: Food supplement

Source: www.bol.com
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Niche products
Apart from the bulk products and the interest of the higher added value, many niche
products have been developed. Some examples are:
Algae can produce natural food pigments, including the natural blue colour.
In 2017, Dutch designers Eric Klarenbeek and Maartje Dros have developed a bioplastic
made from algae, which they believe could completely replace synthetic plastics over time.
They cultivate algae, which they then dry and process into a material that can be used to 3D
print objects. (www.dezeen.com)
And then there’s yoga mats, printer ink, clothing, natural pesticides, fibres for clothing and
even an edible water bottle – all biodegradable. In addition to fatty acids, algal cells also
contain carotenes (yellow to red pigments) and other colourants, antioxidants, proteins and
starch. These components can be used by the chemical- and food industries as raw materials
for numerous products, and the list of products made from algae is expanding steadily.
Figure: The process for biodiesel production

Source: www.biotech6biofuels1234/modern-day-research
Influencing the process
The production of valuable substances by algae can be manipulated by the design of
cultivation conditions. Especially under suboptimal conditions, the algae experience stress
and, as a result, produce substances like pigments, starch and oil. For example, excess light
stimulates the production of carotenes in the cell.
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At the same time, these pigments are antioxidants and protect the cell from harmful free
radicals generated by the overdose of light. However, growth is then reduced and the colour
changes from green to orange.
If the supply of the nutrient nitrogen is limited, algae start to especially accumulate oil. Algae
producers use this by putting the algae on an obligatory diet, with insufficient nutrients in
the culture medium. This inhibits growth, reduces the production of proteins, and increases
the production of oil that is stored in the cell as small globules.
Algae in space
Algae are even being used on a space mission. Astronauts on the International Space Station
begin testing an innovative algae-powered bioreactor to assess its feasibility for future longduration space missions.
The algae-powered bioreactor, called the Photobioreactor, represents a major step toward
creating a closed-loop life-support system, which could one day sustain astronauts without
cargo resupply missions from Earth. This will be particularly important for future longduration missions to the moon or Mars, which require more supplies than a spacecraft can
carry. The experiment is designed to use algae to convert the carbon dioxide exhaled by
astronauts on the space station into oxygen and edible biomass through photosynthesis.
Picture: Astronaut Alexander Gerst of ESA (European Space Agency) checks a culture bag for
the Space Algae experiment that is exploring the potential of cultivating algae for recycling
carbon dioxide and providing food for crew members on long space voyages. The culture
bags are placed in the VEGGIE facility to promote growth over a few weeks with the samples
returned to Earth for analysis

Source: NASA
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3. Algae cultivation
Cultivation systems
Microalgae have been grown for decades at a small scale, especially in North America and
Asia. This was mainly for use in foods and feeds. It is important to realize the basic
requirements for growing algae.
All alga-culture requires three basics: water, light and nutrients.
Water is the easiest. It doesn't need to be of high quality; different types of algae grow nicely
in freshwater, saltwater and dirty water.
Sunlight is the preferred light because it is freely available. But sunlight reaches only 7 to 10
centimetres into a mass of algae, so growers must agitate the algae to expose all of it to the
light.
Carbon dioxide is the main nutrient. It can come from the air or other source. Agitation or
bubbling dissolves it into the water. The grower must supply other nutrients, like nitrogen
and trace elements, if they aren't already in the water.
For cultivating algae, 4 main types of processes are used, each with its advantages and
disadvantages:
Open pond (or raceways)
The simplest and cheapest way to grow algae is in large, shallow ponds. The water is often
divided into concentric lanes or raceways, with paddlewheels to move the algae mixture in a
circle. This helps bring algae to the surface, where they're exposed to light and mixes
nutrients and carbon dioxide into the liquid. The open-pond method produces fewer algae
biomass than other methods. It loses water to evaporation, so more must be added. And it
allows for contamination by predators or undesirable algae. But it is cheaper.

page 9 of 33

Picture: Open pond

Source: www.energy.gov
Closed pond (or horizontal tube reactor)
This method is similar to an open pond, but the water is covered by a Plexiglas greenhouse.
It is composed of a single layer of horizontal tubes. In such a tube, it is easier to control the
process and the production per square meter is higher as in an open pond. It reduces
evaporation and contamination and extends the growing season. Growers can raise algae
year-round if the space is heated and if there is enough light. Growers prefer a sunny
climate.
Picture: Closed pond, large scale

Source: www.WUR.nl
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Bio photoreactor (or three-dimensional tube reactor)
As a completely closed system, the bio photoreactor consists of glass or acrylic tubes where
the algae are exposed to light. Pumps move the water, nutrients and algae through the
tubes and storage tanks. Some reactors automatically harvest the algae when they're ready.
This approach gives growers the most control over the process and the most efficient way to
produce algae biomass. But it's also the most expensive to set up and operate.
Picture: Bio photoreactor

Source: UCSD, Scripps Institution of Oceanography
Flat plate reactors
These are closed reactors, constructed from a series of flat, parallel plates. These systems
are in theory the most productive. There is no accumulation of the toxic O2 and also the
light intensity at the surface is not too high. The disadvantage of the system is the high
amount of energy required for mixing the nutrients and keeping the algae in suspension.
Also adding extra CO2 is more difficult and scale-up is complex.
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Picture: Flat plate reactor

Source: Wikipedia
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4. Controlling the process
The algae farmer has to control two important variables to get a good crop. The pH of the
water is important. Algae prefer a pH between 7 and 9, slightly alkaline. The second variable
is the temperature. Algae prefer 16-27 degrees Celsius, depending on the species.
(Spirulina prefers a pH 9-11 and a temperature of 30 degrees)
Measurement of the optical density gives an indication of the dry weight.
Picture: Left and right: infected culture. In the middle healthy culture

Source: Wageningen UR
Figure: Detection of algae contamination with a spectrophotometer

2
Source: Frank Fields, M.S. California Center for Algae Biotechnology, UC San Diego
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5. Harvesting

When the concentration of microalgae is high enough, they can be harvested. Harvesting
microalgae means removing the microscopic plants from the water in which they grow and
concentrating them into a paste. The grower then needs to remove the moisture, leaving
dense biomass. The small size of microalgae presents a problem when it comes to
harvesting. There are several methods of harvesting:
Filtration
Collected seaweed is easy to filter because of its size. The grower can just rinse the algae
with clean water. For other algae, filtering is more complicated. Running the water
containing the algae through a cellulose membrane whose pores are smaller than the algae
cells can lead to difficulties because filters quickly fill up with algae and become clogged.
Researchers are still looking for better ways to efficiently filter algae. See also the
experiment in this module. In the classroom, a coffee filter is enough.
Flocculation
Another method of harvest means getting the microalgae to clump together. Adding
chemicals or types of algae that naturally clump can cause microalgae to form clumps that
become easier to gather. This process is known by owners of swimming pools, which can
become very green because of the algae growing.
Picture: Flocculation and decantation

Source: www.ScienceDirect.com
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Flotation
Here, the grower uses compressed air to create a froth of bubbles and algae that brings the
tiny plants to the surface where they can be skimmed off.
A centrifuge is yet another harvest method. Spinning a container filled with water and algae
causes the algae to collect in one end. To harvest their crops most effectively, algaculture
growers sometimes combine these methods. They might use flocculation to form algae
clumps, and then separate them with flotation or a centrifuge. Coming up with a truly
efficient way to harvest microalgae is key to bringing down the cost of cultivation.
Picture: Micro flotation

Source: www.Chinawaterrisk.org
Picture Centrifuge for harvesting algae

Source: Dave Hazlebeck, PhD. Founder and CEO Global Algae Innovations
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Macroalgae
Harvesting macroalgae involves different problems. Gathering wild seaweed is a labourintensive process. Some types of seaweed grown in controlled conditions can be gathered in
nets. Kelp raised on ropes can be hauled out and hung up to dry. Kelp forests in shallow seas
can be mowed by machines, taking off the tops of undersea kelp beds.
Picture: Harvesting macroalgae

Source: http://www.dnrec.delaware.gov
Further processing
Once harvested, algae must be drained of its water and dried. A centrifuge can spin water
out but is relatively expensive. Some systems combine harvest and processing, spreading the
algae on belt filters that let the water drain through, then removing more water using a
capillary medium that draws water out of the biomass of algae. The next step is to break
down the cell walls of the algae to extract the oil inside. The algae are put through a screw or
piston press. Chemicals, electromagnetic pulses or ultrasounds may also be used to break
down the cells.
When the oil has been drained off, the remaining biomass is compressed into a cake to be
used to supplement animal feed or as a fertilizer.
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Summary
• Harvesting and dewatering is a key process step,
• It is a large fraction of the total algae production costs,
• Critical for the health of ponds and quality of product,
• Lots of technologies have been tested, but until recently harvesting has remained a
major challenge in the algae industry
Some examples of big production plants
Picture: Cellana’s production demonstration facility in Kona, Hawaii

Source: Cellana
Picture: Algae production on a large scale

Source: www.Omegagreen.nl
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Picture: Vertical tubes

Source: www.Biopetroleo.com

Why are algae research important now?
After the Paris climate agreement, more than 40 countries have put a price on carbon. These
countries want to reduce their carbon emissions and they push the industry to take
responsibility for their emissions of CO2. In this context, it is important to realize that algae
have a big potential to remove CO2 from the atmosphere, and as a sustainable resource to
help us move from fossil fuels to a bio-based economy. This makes clear the potential for
industrial use of algae. Bio-refineries growing micro-algae could play a significant part in
carbon trading, helping to reduce overall carbon emissions, and producing renewable energy
sources.
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6. Experiment: Growing and harvesting Spirulina
Learning outcomes and background information
This experiment has been developed in the Ebbey-project, by the VET school Helicon in The
Netherlands. See also the Ebbey-website: https://sites.google.com/site/ebbeyproject/
This experiment can be done by VET students. Most of the equipment can be found in the
biology/chemistry lab in the school. Other materials can be bought, also online.
By varying different conditions, this experiment will guide students step by step to
investigate what will have a positive or negative effect on the yield of algae.
The main goal is to have the best yield of algae, but for a reasonable price and with a
minimal environmental impact!
If needed, the students should be able to finetune or troubleshoot the process. If something
goes wrong, what should be done to minimize the damage?
The algae used for this experiment are so-called Spirulina-algae. Spirulina algae grow in a
salty aqueous solution with a relatively high pH (9-10). The positive thing about this is that it
makes the growth medium reasonably resistant to contamination from the outside, such as:
•
•
•

Bacteria from bird droppings
Traces of other species of algae coming from (rain)water and/or out of the air
Dead insects that ended up in the water

Picture: Spirulina algae in the water

Source: www.Ebbeycop.wordpress.com
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Positive for this experiment is that good results can be obtained in a relatively short time.
Algae grow rapidly and provide the first visible results within a few days by change of the
colour of the solution. And from setting up a new culture of algae up to harvesting, it takes
only 4 weeks! Even, if some parts of the experiments go wrong there is still enough time for
troubleshooting and ‘repair’.
Moreover, Spirulina algae is a very interesting product because it contains a reasonable
amount of nutrients, antioxidants and minerals. The diagram shows the composition of dried
Spirulina.
Figure: Composition of (dried) Spirulina-algae

Carbohydrates
20%
7% Minerals

Proteins &
Amino acids
65%

.

Source: www.Ebbeycop.wordpress.com
Spirulina is for this reason more than just biomass. It is known as a dietary supplement,
highly nutritious due to the high content of proteins and minerals. In many shops where socalled ‘reform-products’ are sold, Spirulina-based dietary supplements are one of the main
products. In addition, this alga contains a blue pigment which may be suitable to be used in
the food industry. A big company in the food industry like Unilever is investigating if the blue
(consumable) pigment can be isolated from the algae easily and cheaply.
Besides this, the Spirulina-algae produce if treated under certain cultivation conditions,
relatively high content of oil. This "bio-oil" might be used as biofuel or bio-lubricant. As a last
resort, algae can be used as biomass for the production of energy.
So growing algae for food or energy is far more interesting than most people think. Seen as
raw material, (dried) algae may lead to several valuable bio-based products. For optimization
of growing the algae, students need to use their knowledge of chemistry (fertilizers, salts,
pH), physics (light, movement) and biology (plant growth) or learn about it.
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Experiment Growing Spirulina for students
This experiment will guide you step by step to obtain from a small number of algae (startconcentration) a big amount (10 litres or more) of Spirulina-algae in water in a relatively high
concentration. After a couple of weeks, this algae concentrate can/should be used to
perform experiments in the classroom and let every student grow his/her algae under
specified conditions.
So, the obtained algae concentrate can be used for:
• The small-scale cultivation of algae by students (litre bottles)
• Demonstrating the harvesting of the algae
• A new starting point to grow the next algae-‘mother culture’ in a new freshly made
medium.
In this experiment, the mother culture grown in the classroom will be used primarily to
provide for every student a small amount of (living) algae concentrate for their experiments.
As a student, you should select/determine your own ‘optimal’ conditions to obtain a
maximum quantity of algae. After a couple of weeks, the results will be compared will
become clear what are the best conditions for getting the highest yield in algae.
For good, successful cultivation of the algae you will have to deal with some very important
parameters:
•
•
•
•

The exposure of the algae to light
The temperature of the growth medium
The agitation of the algae in the growth medium
The aeration of the growth medium

At the end of this experiment, the question is who has chosen the best conditions for
growing algae? Compare the yield of the different groups of students and find out what was
the key for better results!
Needed equipment
• Concentrate of spirulina algae
• Fertilizer in powder form (so-called NaK mixture)
• Liquid concentrate of trace elements (Chelal CaFeMg concentrate)
• Cylindrical vase (capacity approximately 12 L and smaller vases for individual
experiments)
• Aeration pump device, tubing material and brush stone
• Sufficient amount of demineralized water
• pH meter
• Thermometer (conventional is sufficient)
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• Analytical weighing balance
Recipe for preparing HM5 growth medium (step-by-step)
• Clean the vase(s) thoroughly with warm water and a small amount of detergent.
• Rinse the vase after extensive cleaning with clean water.
• After rinsing with water make sure that the vase is completely dry. Eventually use a
piece of clean tissue paper to remove the remaining droplets. The remaining traces
of water in the vase may contain traces of non-Spirulina algae as well
• Fill the large vase with 10 litres of distilled water (at ambient temperature).
• Use the HM5-calculation too (excel-file) to calculate the required amount of NaK
mixture.
Figure: Example calculated amounts of required chemicals for the preparation of HM5medium

•
•
•
•
•

Weigh and create according to this recipe the required amount of NaK-mixture and
Chelal-Flor solution.
Dissolve the white NaK-powder while stirring the demineralized water. (The NaK
mixture dissolves easily in water)
Continue stirring until a clear liquid is obtained without solid particles visible at the
bottom of the vase.
Add the calculated amount (millilitres) of Chelal CaFeMg concentrate by using the
calculation tool) to the solution.
Once more, stir the solution thoroughly.
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Starting the growth of algae
•

•

•

•
•
•
•
•

•
•
•
•

•

•

Now the vase should be placed in a room with sufficient light. Straight sunlight
shining on the solution with algae will normally give very good results, so near the
window (south side) is probably a good position.
Connect a brush stone to a piece of plastic/silicone tubing and put it into the
solution. Make sure that the brush stone reaches the bottom of the vase. Connect
the other end of the tubing to the air pump and switch it on. Basically, the aeration
has two functions. It ensures a good exchange of oxygen and carbon dioxide (CO2)
between the growth medium and air and it ensures a continuous movement/flow in
the vase to prevent algae will sinking to the bottom of the vase.
Adjust the airflow to have a reasonable amount of air bubbles to keep the solution ‘in
motion’. On the other side, too many air bubbles may lead to foaming (but will not
hurt the growth of the algae). So, make sure to adjust a steady stream of air bubbles.
By using the pH-meter or ‘pH-paper’, measure the pH of the solution. The measured
pH value should be at least pH = 8.
Pour a small amount of with ‘algae concentrate’ in the medium. A good starting point
is a concentration of about 5-10 % (v/v).
Measure the pH again (this is expected to be pH = 9 – 9,5).
Now all conditions are fine to grow Spirulina algae. It just takes time and optimal
conditions to grow!
From this moment please check every day the condition of the solution. It should
have a fresh green colour and the smell of the solution should be a normal smell (a
nasty smell is an indication that algae are dying).
Measure and record daily the pH of the growth medium.
Measure and record daily the temperature of the growth medium.
Check daily if the aeration is still OK. Do you see bubbles?
If you notice a very thin layer of sediment on the bottom of the vase after 1 to 2 days,
this is just normal and not alarming. If a thicker, dark-coloured layer of deposits on
the bottom arises this may indicate that the algae have died.
Within a few days, the first results of multiplying the algae should be visible. The
colour of the solution should change from (semi-transparent) bright green to a (nontransparent) dark green coloured solution.
If all conditions are chosen correctly, after about two weeks the concentration of
algae has increased to such a level that the algae medium is now ready for the first
time harvesting.

Additional remarks
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If the vase is filled with 10-11 litres of HM5-solution it might be possible that the brush stone
does not completely sink to the bottom. Eventually, you can make the brush stone heavier
by connecting an extra well-cleaned pebble or other stone with a tie wrap to the tubing.
The temperature is an important parameter for the growth of algae. When the growth
medium is too cold (<15°C), the growth is stagnating. At room temperature, the algae will
grow well. A temperature of approximately 30°C is optimal, but will also cause extra
evaporation. When the temperature is chosen too high (> 35°C), the algae will die. When the
vase is put in a place at ambient temperature and sufficient light it is fine. But when there is
a lot of sunlight shining directly on the vase and the colour of the medium is already quite
dark in colour, you will notice an increase in the temperature of the growth medium during
the day. This may lead to a temperature that exceeds the maximum temperature of 35°C. In
this case, move the vase to a bright spot with less direct solar radiation.
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Table 1: Registration measurement of pH
Day
#

pH

Remarks

Day

pH

Remarks

#
1

16

2

17

3

18

4

19

5

20

6

21

7

22

8

23

9

24

10

25

11

26

12

27

13

28

14

29

15

30
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Table 2: Registration measurement of temperature

Day
#

Temperature

Weather conditions

(°C)

(sunny/cloudy . . )

Day
#

1

16

2

17

3

18

4

19

5

20

6

21

7

22

8

23

9

24

10

25

11

26

12

27

13

28

14

29

15

30

Temperature

Weather conditions

(°C)

(sunny/cloudy . . )
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Harvesting
An important objective of this experiment is to measure the yield of algae after 4 weeks. The
easiest way to determine this is to use a conventional coffee filter or folded filter paper.
Pictures: Simple filters

Source: Ebbeycop.wordpress.com
If the conditions for growing the algae were selected quite optimal, normally after two
weeks the colour of the solution has turned from almost clear faint green to dark green.
Pictures: Start and two weeks later

Source: Ebbeycop.wordpress.com
So, if this is the case, you may start harvesting the algae for the first time. Take about 95% of
the solution for harvesting and use the remaining 5% to grow new algae concentrate in
another two weeks. This volume of 5% of algae-concentrate is added to the filtrate (that
remains after harvesting), and allowed to grow for two weeks. Take care that your work
doesn’t lead to contamination of other algae.
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Determination of the yield
•
•

Take a new filter paper or a coffee filter.
Determine the weight of it on an analytical weighing balance. Write it down:

•
•

Weight of the filter paper: . . . . . . . . . . . g
Put the filter on a stove at 70°C for one hour.
Take the filter paper out of the stove and weigh it again.

(= W1)

•

Weight of the filter paper after drying: . . . . . . . . . . . g
(= W2)
Now select a specified volume of your algae to concentrate by using a measuring
glass. Suggested volume: 500 – 1000 mL (take a reasonable amount!)

•

Selected volume: . . . . . . . . . . . ml
( = V)
Pour this volume of algae-concentrate slowly in the filter paper until the whole
solution passed the filter.

Pictures: Filtering the algae in the classroom

Source: Ebbeycop.wordpress.com
•
•
•

The Spirulina-algae will now be collected in the filter paper and the colour of filtrate
should be between clear colourless and clear faint green.
Carefully, take the wet filter paper out of the coffee filter holder or funnel and put it
in a stove, set at 70°C, for several hours.
If the filter paper and the algae are completely dry, determine the weight of it for the
last time
Wight of the filter paper PLUS dried algae: . . . . . . . . . . . g

(= W3)
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•

Calculate the yield of Spirulina-alga by using the following formula:
Yield of Spirulina-algae (g/l) =

(𝑾𝟑−𝑾𝟐)
(𝑽:𝟏𝟎𝟎𝟎)

W3 = Total weight of dried filter paper PLUS algae (g)
W2 = Weight of a clean, dried filter paper (g)
•

V = selected volume of algae-concentrate that has been filtrated (ml)
Depending on how many times this harvesting procedure was performed during a
complete growth cycle of four weeks, the total yield can be calculated as the sum of
the different yields:
Total yield (g/l) = yield1 + yield2 + . . . . . . .

Technical prescriptions for growing Spirulina algae
Here is some advice for the technical aspects of the experiment.
Measuring the temperature of the solution.
The temperature is preferably measured with a common ‘glass’ alcohol thermometer.
Measuring the acidity, the pH.
The pH is determined by using a calibrated pH meter with a glass electrode.

Source: Ebbeycop.wordpress.com
•
•
•
•
•

If a forced airflow (bubbles) is used in the solution, switch it off during measuring the
pH.
Slowly move the electrode in the ‘algae soup’ and wait for the stability of the
measured value on the display of the pH meter.
It might take up to 30 seconds before stability is obtained.
Write down the measured value of the pH with an accuracy of 1 decimal.
Once finished measuring, switch the device off. Be sure to store the sensitive
electrode in a solution of 3M KCl in demineralised water (3M = 3 mol/L).
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Determination of the dry matter content of the algae soup
A known volume (for example 500 mL) of the algae soup is filtrated by pouring it in a
Büchner funnel with filter paper. This filter paper should first be weighed on an analytical
balance. After collecting the algae and drying it in an oven this filter paper should be
weighed again. The filter paper plus the algae should be dried for 3 hours at 30°C.
Dry matter content (g/L) =

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑓𝑖𝑙𝑡𝑒𝑟𝑝𝑎𝑝𝑒𝑟 𝑤𝑖𝑡ℎ 𝑎𝑙𝑔𝑎𝑒 (𝑔) −𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟 𝑏𝑒𝑓𝑜𝑟𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 (𝑔)
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑙𝑔𝑎𝑒𝑠𝑜𝑢𝑝 (𝐿)
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7. Test
This module contains a test and a quiz. The test has mainly open questions. Answers can be
found in the module. Per question, answers are given. The quiz can be answered online, by
using the link. The student receives per question an answer good or wrong and has to
correct a wrong answer before he can make the next question.
Test
1.
2.
3.
4.
5.
6.

Give 5 examples of products made from algae.
Describe the process of biodiesel production.
What are the three basic ingredients for algae growing?
Describe three different production systems.
Mention benefits and disadvantages from these three systems.
What are the main process parameters and how can they be controlled during
experiments.
7. Describe three methods for harvesting algae.
8. How kelp is harvested?
9. Describe the function of the spectrophotometer in finding pollution in algae cultures.
10. Did you do the Spirulina experiment? If yes; which results you had and which
suggestions do you have for improving the experiment.
Answers
1. Biofuel, proteins, medicines, dyes, fibres and more.
2. See the figure in this module.
3. Water, CO2, nutrients (light is not an ingredient, although it is needed, just as the
right pH and temperature.
4. Open pond, closed pond, bio photoreactor.
5. See the text of this module. Think about costs, size and control of the system.
6. pH: pH meter. Temperature: Thermometer. Light: optical density. CO2: gas meter.
7. Flocculation, flotation, centrifuge.
8. By a ship with nets.
9. Often the pollution has a different colour. This can be measured, also in mixtures.
10. Open answer.
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8. Quiz
1. What is correct?
a. 1 cubic meter of algae absorbs as much CO2 as 1000 square meters of forest.
b. Algae cannot absorb nitrogen in wastewater.
c. Algae need oxygen for growing
d. Algae can be used for the production of plastic.
2. Especially under suboptimal conditions the algae experience stress and, as a result,
they produce certain substances. Chose the right ones:
a. pigments,
b. starch
c. elasto-hydrates
d. carotene
e. trinitrotoluene
3. What is correct
a. Lower pH means less acid
b. Higher pH means less acid
c. A coffee filter can be used for filtering kelp
d. A coffee filter can be used for filtering pico-algae
Answers
1. D
2. A, B, D
3. B. Maybe also D, this depends on the size of the pores in the filter.
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9. Sources
https://www.britishcouncil.org/voices-magazine/useful-sustainable-algae
http://allaboutalgae.com/commercial-production/
https://study.com/academy/practice/quiz-worksheet-how-algae-is-used.html (video and
quiz)
https://auto.howstuffworks.com/fuel-efficiency/biofuels/algaculture.htm
https://edepot.wur.nl/170781 Algae the green gold of the future
Harvesting and Dewatering
Dave Hazlebeck, PhD, founder and CEO “Global Algae Innovations”
Experiment Growing Spirulina: Ebbey project, AOC Raad, Helicon, a VET school.
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