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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 2 contains the following topics:
1. Definition of algae
2. Photosynthesis
3. General characteristics of algae
4. Classification
5. Algal blooms
6. The importance of algae
7. Test
8. Quiz
9. Sources
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MODULE 2

GENERAL ASPECTS OF ALGAE

1. Definition
Everybody has seen algae: on the beach, in a pond, in an aquarium, on a tree, etc. Less
known is that algae are already used for a long time in the production of food, such as sushi
and ice cream. Today algae are considered to be important for the production of biodiesel,
animal feed, oil and special niche products. And algae absorb CO2, which is important to
reduce climate change. More examples: certain algae are very familiar to us. For instance,
seaweeds (such as kelp or phytoplankton), pond scum or the algal blooms in lakes, with all
consequences of it, positive and negative. It is just a part of the vast and varied world of
algae that are not only helpful to us but even critical to our existence.
But, what are algae? What makes them so special? There are many ways to define this, and
perhaps the easiest way is to start with a simple definition:
Algae are a diverse group of aquatic organisms that contain chlorophyll and carry on
photosynthesis.
Picture: Colonies of algae

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
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Picture: Seaweed

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
Picture: Algae with pigments

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
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So, the term "algae" includes many different organisms which can produce oxygen through
photosynthesis (the process of harvesting light energy from the sun to generate
carbohydrates). These organisms are not necessarily closely related. However, certain
features unite them and make them different from the other major group of photosynthetic
organisms: the land plants.
Algae are everywhere, and they have been around on this planet for billions of years. That
huge diversity gives also diversity in genetics, and diversity in the products they make.
Algae are ecologically important, serving as the base of aquatic food chains and global
cycling of N, P, K, Si, CO2, O2. That makes them essential for every animal on the planet,
whether it's a human, a shark, or an insect. All depend completely on this photosynthesis.
Figure: The CO2 cycle

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
The following links lead to some videos, which give an impression of algae in general. The
third link gives an overview of all products, which can be made out of algae.
See video: https://www.youtube.com/watch?v=BrN5Ye6ylkU
See video: https://www.youtube.com/watch?v=ehLdQMNPiok
See video: https://www.youtube.com/watch?v=LNwUVET3CBQ
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2. Photosynthesis
Importance
Photosynthesis is the biological conversion of sunlight energy plus carbon dioxide (CO2) into
chemical energy and is one of the most important reactions on the planet.
What happens in photosynthesis can be described as follows: Take sunlight energy and CO2
along with water and some nutrients. Out of these, algae, as well as plants, can make
primary sugars. Next, those sugars are converted into carbohydrates, proteins, and lipids.
These products are important as food, but also as the building blocks for everything that will
be made in further biological processes. So, this reaction which is carried on by algae is
fundamental for every living organism on the entire planet.
Picture: Process of photosynthesis

Source: www.freepic.com
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Types of photosynthesis
There are two types of photosynthetic processes:
- oxygenic photosynthesis
- anoxygenic photosynthesis.
The general principles of anoxygenic and oxygenic photosynthesis are very similar, but
oxygenic photosynthesis is the most common and is seen in plants, algae and
cyanobacteria. This module describes only oxygenic photosynthesis.
During oxygenic photosynthesis, light energy transfers electrons from water (H2O) to carbon
dioxide (CO2), to produce carbohydrates. In this transfer, the CO2 is "reduced," or receives
electrons, and the water becomes "oxidized," or loses electrons. Finally, oxygen is produced
together with carbohydrates. Oxygenic photosynthesis is the opposite of respiration from
animals (including humans), by absorbing the carbon dioxide produced by all breathing
organisms and bringing oxygen to the atmosphere.
Oxygenic photosynthesis is written as follows:
6CO2 + 12H2O + Light Energy → C6H12O6 + 6O2 + 6H2O
Here, six molecules of carbon dioxide (CO2) are combined with 12 molecules of water (H2O)
using light energy. The result is the formation of a single carbohydrate molecule (C 6H12O6, or
glucose) along with six molecules of oxygen and water.
Picture: Plant absorbs sunlight energy

Source: European Scientist.com
See also the following videos about photosynthesis:
https://www.youtube.com/watch?v=38HvoBIIXrM
https://www.youtube.com/watch?v=3pD68uxRLkM
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3. General characteristics of algae
Diversity
Primarily, algae are not highly differentiated in the way that plants are. They miss roots,
stems and leaves, and also not a vascular system to circulate water and nutrients. Many
algae are unicellular. They also occur in a variety of forms and sizes. They can exist as single,
microscopic cells; they can also be macroscopic and multicellular; live in colonies; or like
leaves, such as giant kelp.
The giant kelp forms underwater “forests” like underwater redwoods from their roots at the
bottom of the sea. They can be 60 meters high and come in colours of red, green, brown,
and black. Sometimes, they can be found on beaches and shorelines, especially after a
storm. The name “seaweed” is in fact not correct because a weed is a plant. These fixed
and free-floating “weeds” of the sea are really essential for many marine creatures, both as
food and as a habitat. Many fishes find a place to hide in this kelp. They also provide many
benefits to humans. Seaweed is full of vitamins, minerals, and fibre, and can be very tasty.
For at least 1,500 years, the Japanese have enrobed a mixture of raw fish, sticky rice, and
other ingredients in a seaweed called nori. The result is a sushi roll.
Picture: Kelp forest in the Channel Islands

Source: National Marine Sanctuary and National Park
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Picture: Sushi

Source: www.shbarcelona.nl
Many types of seaweed contain anti-inflammatory and anti-microbial agents. Their known
medicinal effects have been legion for thousands of years; the ancient Romans used them to
treat wounds, burns, and rashes. Ancient Egyptians may have used them as a treatment for
breast cancer.
Certain seaweeds do have powerful cancer-fighting agents that researchers hope will
eventually prove effective in the treatment of malignant tumours and leukaemia. While
dietary soy was long credited for the low rate of cancer in Japan, this indicator of good
health is now attributed to eating seaweed. These marine plants and algae have also
economic value. It is used as effective binding agents (emulsifiers) in goods such as ice
cream, toothpaste, and fruit jelly, and popular softeners (emollients) in organic cosmetics
and skin-care products.
Picoplankton is between 0.2 to 2 micrometres in diameter, while the fronds of giant kelp are
as large as 60 meters in length. Lastly, algae are found in a range of aquatic habitats, both
freshwater and saltwater.
The general term "algae" includes prokaryotic organisms — cyanobacteria, also known as
blue-green algae — as well as eukaryotic organisms (all other algal species).
Many of them are micro-algae, which mean that they are too small to see with your naked
eye. You'll still see the green colour or the red colour of them, but you won't see individual
cells. There are also macro-algae.
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These are the large algae that you can see their structures that look quite a bit like sort of
plants in water, aquatic plants, but they are algae. And some of these you'll recognize as the
kelps and the seaweeds.
It is also important to note that algae are by definition actually eukaryotes. That means they
are eukaryotic cells, which have a nucleus and a separate chloroplast. This distinguishes
them from cyanobacteria, which are photosynthetic bacteria, but for this class, we're going
to call algae to include both the true eukaryotic algae as well as the cyanobacteria.
Prokaryotic cell: simple cell, without a nucleus: blue-green algae
Eukaryotic cell: is more complex and has a nucleus and separate chloroplast: algae
Habitat
The majority of algae live in aquatic habitats. They can live in freshwater lakes as well as in
saltwater oceans. They can also endure a range of temperatures, oxygen or carbon dioxide
concentrations, acidity and turbidity. For example, giant kelp is found more than 200 meters
below the polar ice sheets, where the unicellular green algal species Dunaliella salina is
found in the very salty water from the Dead Sea.
Free-floating, mostly unicellular algae that live within illuminated regions of water are
known as planktonic.
Those algae that adhere to surfaces are known as benthic algae. Such algae grow on mud,
stones, other algae and plants, or animals.
Algae are also able to survive on land. Some unexpected places where they grow are tree
trunks, animal fur, snowbanks, glaciers, hot springs and in soil, including desert crusts.
Mostly, algae live independently in their various growth forms (single cells, colonies, etc.),
but they can also form symbiotic relationships with a variety of non-photosynthetic
organisms including ciliates, sponges, mollusks and fungi (as lichens). These lichens can be
found on trees. They also function as an indicator for air pollution. One of the benefits of
such relationships is that they enable algae to broaden the horizons of their habitats.
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Picture: Algae on a glacier

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
Picture: Algae in the dessert

Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
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Nutrition
As described, algae are capable of photosynthesis and produce their food by using light
energy from the sun and carbon dioxide to generate carbohydrates and oxygen.
This makes them autotrophs or more specifically, photo-autotrophs (because of their use of
light energy to generate nutrients). However, there exist certain algal species that need to
obtain their nutrition solely from outside sources. They are heterotrophs. Such species have
a variety of heterotrophic strategies to get nutrients from organic materials. These are
carbon-containing compounds such as carbohydrates, proteins and fats.
Some other sub-categories: Osmotrophy means that algae absorb dissolved substances, and
phagotrophy involves the eating of prey, such as bacteria.
Other algae, known as auxotrophs, need only some additional essential vitamins such as the
B12complex or fatty acids.
Reproduction
Algae are capable of reproducing through asexual or vegetative methods and via sexual
reproduction. Asexual reproduction involves the production of a spore. Vegetative methods
include simple cell division. This is called mitosis, to produce identical offspring and the
fragmentation of a colony. Sexual reproduction involves the union of gametes, produced
individually in each parent, through meiosis.
Figure: Life cycles in Algae

Source: www.botanystudies.com
See also the following video for more background information:
https://www.youtube.com/watch?v=jjEcHra3484
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4. Classification
Within the thousands of different algae, two main groups can be described:
Cyanobacteria
These are also known as blue-green algae. Though they are capable of conducting oxygenproducing photosynthesis and live in many of the same environments as eukaryotic algae,
cyanobacteria are prokaryotes. They are also capable of independently conducting nitrogen
fixation, the process of converting atmospheric nitrogen to usable forms of the element such
as ammonia.
The prefix "cyano" means blue. These bacteria have pigments that absorb specific
wavelengths of light and give them their characteristic colours. Many cyanobacteria have the
blue pigment phycocyanin, a light-harvesting pigment (it absorbs red wavelengths of light).
Cyanobacteria all have some form of the green pigment chlorophyll, which is responsible for
harvesting light energy during the photosynthetic process. Some others also have the red
pigment phycoerythrin, which absorbs light in the green region of the spectrum.
Eukaryotic algae
Eukaryotic algae do not have one common ancestor. This explains the big variety. Eukaryotic
algae are found in many different groups. Classification of Eukaryotic algae is beyond the
objectives of this module.
See Wikipedia for further information: https://en.wikipedia.org/wiki/Algae.
The structure of eukaryotic cells is shown in the picture below. Typical parts are the nucleus
and the They have a nucleus and a chloroplast, which looks like cyanobacteria. The
chloroplast comes from cyanobacteria. It was actually a eukaryotic cell engulfing
cyanobacteria that resulted in an algae cell.
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Figure: Eukaryotic cell

Source: Source: Frank Fields, M.S. California Center for Algae Biotechnology UC San Diego
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5. Algae blooms
Algae, in the form of algal blooms, have a bad reputation for creating toxic conditions in
oceans and lakes. "Algal blooms" refers to the explosive growth of certain microalgae, which
in turn leads to the production of toxins, disruption of the natural aquatic ecosystems and
increases the costs of water treatments. The blooms take on the colours of the algae
contained within them. The main toxin producers in oceans are dinoflagellates and diatoms.
In freshwaters, cyanobacteria are the main toxin producers, though some eukaryotic algae
also cause problems.
Under natural conditions, algae use the toxins to protect themselves from being eaten by
small animals and only need a small amount to protect themselves.
The main cause of algal blooms is a phenomenon called nutrient pollution. With nutrient
pollution, there is an excess of nitrogen and phosphorus, which can push algae toward
unrestrained growth. The phenomenon is caused by human activities. The fertilizers which
are used in agriculture and animal manures are rich in nitrogen, while improperly treated
wastewater is high in both nitrogen and phosphorus.
But algae are not always toxic, because algae also make oxygen, fish [they are a major
source of food for aquatic organisms], oil, and many other useful materials. Only a few
species cause problems, and the worst of these is Homo sapiens.
Picture: Toxin from algae kills fish

Source: https://oceanservice.noaa.gov/facts/habharm.html
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6. Importance of Algae
Probably the most important contribution of algae to our environment and well-being is the
generation of oxygen through photosynthesis. Algae are indispensable because they produce
about half the oxygen in Earth's atmosphere. Petroleum is partially derived from ancient
algae deposits. Some very old oil deposits are attributed to cyanobacteria, though the
identity of the producers is still uncertain. Younger oil deposits probably arose from
eukaryotic marine green algae, coccolithophorids, and other microscopic marine
phytoplankton." These oil deposits are a limited resource and are slowly dwindling with
human use. As a result, researchers are looking into renewable alternatives.
Algal biofuels are a promising replacement for fossil fuels. All algae have the ability to
produce energy-rich oils and several microalgae species naturally accumulate high levels of
oil in their dry mass. Moreover, algae are found in diverse habitats and can reproduce
quickly. They also efficiently use carbon dioxide. Algae help to keep atmospheric carbon
dioxide levels stable by storing [the gas] in organic materials that include oil deposits and
inorganic carbonate rocks. Green algae, diatoms and cyanobacteria are just some of the
microalgal species that are considered good candidates for the production of biofuel.
Picture: Irish Seaweed Products

Source: www.biobasedpress.eu
For the practical use of algae, see also: https://www.youtube.com/watch?v=N1dsN4npmCM
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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.

Give two characteristic aspects of Algae.
Describe the recent use of algae.
Give three products, made from algae and found in the supermarket or drugstore.
Describe in your own words the photosynthesis process in algae and its importance
for other living organisms.
5. Give an example of symbiotic relationships between algae and other organisms.
6. What is the difference between prokaryotic and eukaryotic cells. Give examples from
algae for both types.
7. Give a schematic impression of a eukaryotic cell and its main parts.
8. Describe the difference between autotroph and heterotroph algae
9. How algae can reproduce?
10. What is algae bloom and what is the risk of it.
Answers
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Algae contain chlorophyll and have photosynthesis.

Source for biofuel, colour agents, insecticides, health-supporting additives, proteins.
Sushi, kelp powder, spirulina pills and more.
See the text in this module. Important is that photosynthesis makes it possible to
produce carbohydrates and oxygen. Without this, animals cannot live.
Lichen is a symbiosis between algae and fungi. It can be found on trees and stones.
Eukaryotic cells have a nucleus and prokaryotic cells don’t have a nucleus. Examples:
prokaryotic: blue-green algae, eukaryotic: all other algae.
See text in paragraph 4.
Autotroph: organism doesn’t need organic material from other sources. Heterotroph
organisms need organic material.
Vegetative and sexual.
An algae bloom is an out-of-control growth of algae, producing poison and taking
away all oxygen for fishes and other animals.
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8. Quiz

1. Which answers are correct:
a. Algae carry on photosynthesis
b. Algae produce carbon dioxide during photosynthesis
c. Algae produce carbohydrates during photosynthesis
d. Algae are on top of the food chain.
2. In which products algae are used:
a. Sushi
b. Cancer-fighting medicines
c. LSD
d. Ice cream
e. Oil
f. Plastic
3. Which answers are correct:
a. Picoplankton grows up to 2 meters
b. Macroalgae can be seen with your naked eye
c. Kelp is a fish-eating algae
d. Plankton cannot grow in illuminated regions
e. Plankton cannot grow in very salty water
4. What are the two main groups of organisms with photosynthesis:
a. Algae and fish
b. Land plants and insects
c. Algae and Land plants
d. Fish and birds
Answers:
1.
2.
3.
4.

A and C
A, B, D, E and F
B
C
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9. Sources
Frank Fields: “Introduction to Algae”, by, M.S. California Center for Algae Biotechnology UC
San Diego (USA)
“What are Algae?”; https://www.livescience.com/54979-what-are-algae.html
“Understanding Algae”; https://www.youtube.com/watch?v=ehLdQMNPiok
See also the WIKI for further background information about algae.
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