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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 5 has the following topics:
1. Introduction
2. Reactor Algaemist
3. Reactor AlgaeGerm
4. Reactor Horizontal Tubular Indoor Reactor
5. Reactor LGem
6. Practical Microalgae biomass production
7. Test
8. Quiz
9. Sources
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MODULE 5

TECHNICAL ASPECTS OF ALGAE GROWING

1. Introduction
Algae can easily grow in many places, as described in the previous modules.
Controlled growing of algae is less easy. Both in research and for commercial production, it is
important to have an optimal and non-contaminated growing process.
Growing can be done in different ways. See module 3. In this module, the technical aspects
of four types of indoor reactors are described:
-

Algaemist (0,4 L),
AlgaeGerm (25 L),
Horizontal Tubular Indoor Reactor (300 L),
LGem reactor (1.300 L).

Also, the main parameters which are relevant for optimal growing are described.
Picture 1: LGem reactor

Source: WUR AlgaePARC
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2. Algaemist reactor
Purpose
The Algaemist is mainly used for screening and optimization during the research on different
algae species. In this closed system, it is possible to vary the main parameters of algae
growing: pH, nutrients, temperature and light intensity.
In the range of indoor reactors, the Algaemist reactor is rather small. It has a volume of 0,4
litres. It is a flat plate reactor, with an external control unit (see figure 2).
The system is aerated with a mixture of air/ CO2, and the growing medium can be added
with an external pump. With a connecting tube, the excess medium is collected in the
harvest bottle (see figure 3).
Temperature control
The Algaemist base unit contains a small reservoir with water that can be heated with the
integrated heater or cooled using an external water bath (cryostat) which is connected to a
coil (heat-exchanger) inside the reservoir. Note that there is no direct contact between the
cooling water and the water in the reservoir: there are two separate loops. Water is
continuously circulated between the reservoir and the water jacket by a circulation pump.
Eventually, the water in the water jacket will cool or heat the algal broth in the growth
chamber.
Cooling or heating will be activated based on the difference between the actual broth
temperature and the set point. Since the heater can only be turned on and off and the
cooling water valve can only be opened or closed, subtle adjustments are achieved by
pulsing. In other words, depending on the required action, cooling or heating power is
determined which is expressed as the fraction of time the heating or cooling action is
activated. This could for example be 10 seconds of heating or cooling per minute.
pH control
Due to the consumption of CO2 by the microalgae, the culture will become more alkaline as
the bicarbonate equilibrium will shift to the right. Especially in the pH range of 6-9, in which
most microalgae are grown, this bicarbonate equilibrium is dominant. To maintain a
constant pH value, CO2 is supplied on demand. The pH value is measured by a pH probe. If
the pH value is higher than the set-point, the solenoid valve of the CO2 supply is opened and
CO2 is mixed with the continuously supplied air.
HCO3- (aq) ⇌ CO2 (aq) + OH- (aq)
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Be aware that the pH of the supplied medium should be chosen carefully since it will
influence the pH control. The involved nitrogen source (e.g. nitrate, ammonia or urea) will
also affect the pH in different ways, which should be taken into account. Discuss these
choices with experienced users before starting up the reactor.
Contamination and sampling
During experiments with algae, it is important to avoid contamination of the working
environment, in particular, when the algae are genetically modified (GMO’s). To avoid the
spreading of aerosols, the harvest bottle has two filters on its air drain. The size of these
filters is 0,22 µm, small enough to keep the organisms inside the incubator.
In a sampling gate (see figure 4), daily samples are taken with a syringe.
The harvest bottles are placed in a refrigerator, which is placed under the reactor. The bottle
is emptied daily and manually. The volume of the harvest bottles (5 litres) is big enough to
contain the volume, which is pumped in 48 hours minimum, which is 4,8L. Figure 5 gives a
schematic overview of the reactor.
Picture 2: Algaemist reactor

Picture 3: Harvest bottle
Algaemist reactor

Picture 4: Sampling
Algaemist reactor

Source: WUR AlgaePARC
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Picture 5: Schematic overview of the Algaemist reactor

Source: WUR AlgaePARC.
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3. AlgaeGerm flat plate reactor
Picture 6: AlgeaeGerm flat plate reactor

Source: WUR AlgaePARC
Purpose
The next in the range of reactors is The AlgaeGerm reactor. It is a flat plate reactor and has 4
reactors, made from plexiglass and with a volume of 25 litres each. See figure 6.
The AlgaeGerm reactor is mainly used as an inoculum reactor. This means that it can create
enough biomass to start algae growing on a bigger scale, for example in the Horizontal
Tubular Indoor Reactor, as described in chapter 4 or bigger outdoor facilities.
Nutrients
The biomass in these reactors is being aerated by a constant airflow and a constant CO2 flow
(2%). This mixture enters the reactor on the lower part, via horizontal aerators, goes up and
mixes the systems.
Temperature
The temperature in each of the reactors is measured and controlled by a temperature sensor
and a cooling/heating spiral.
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Light
Exposure of the reactors is done with TL lamps, which are placed near the inner side of the
reactor.
Sampling
Taking samples can be done with the special sampling port. See figure 7. For the daily
analyses, this port makes it possible to take sterile samples from the biomass in the reactor.
This sampling port is covered with parafilm, just like all other openings. Air can only leave
the system via the air filter. To avoid the formation of aerosols, the air outlet is connected
with a wash bottle, with a 0,22µm filter. See figure 8.
Picture 7: AlgeaeGerm sampling port

Source: WUR AlgaePARC

Picture 8: AlgeaeGerm: Air filter

Source: WUR AlgaePARC

Harvesting
When the concentration of biomass in the AlgaeGerm has become high enough, the content
of the reactor (25L) can be pumped into another bigger reactor system. This is done with a
hose pump and a closed system of hoses, all to avoid spoiling and contamination.
Both the AlgaeGerm reactor and the Horizontal Tubular Indoor Reactor are placed in the
same protecting basin, according to the regulations for working with GMOs. The leaking
product can be easily collected and inactivated with sodium hypo chloride, as described in a
special protocol. In case the reactor will be used as a repeated batch reactor, the harvested
biomass can be pumped into the “killing tank”.
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4. Horizontal Tubular indoor reactor

Picture 9: The Horizontal Tubular indoor reactor

Source: WUR AlgaePARC
The Horizontal Tubular Indoor Reactor is a closed system, with a volume of a maximum of
300L. This system is mainly used for upscaling algae production. It can also be used for short
experiments. See figure 13 for a flow scheme.
Tubes
The main part of this system is the set of tubes. These tubes are made from flexible and
transparent plastic LDPE tubes, which can be replaced after finishing an experiment. (LDPE
means Low-Density Poly Ethylene). The tubes are connected with a manifold. Since the tubes
are not placed in a complete horizontal way, but with a little slope, the reactor can be
emptied completely, with the harvesting pump.
Pumping
For optimal growth, the substrate has to be mixed with the nutrients and the air/ CO2
mixture permanently. The algae suspension is pumped around with a centrifugal pump. In
the closed stock barrel, the algae suspension is sprayed against a kind of lid, in order to
create a kind of “umbrella”, which makes it possible to let escape the excess of oxygen.
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Sampling
Samples are taken via the sample gate (figure 10), where the biomass is transferred to a glass
Scott bottle. It is important to avoid that aerosols leaving the system. This can lead to
contamination. Filters on the air outlet help to realize this. The lid of the collection vessel can
be opened, at least 15 minutes after switching off the recirculation pump.
Temperature
Algae have an ideal growing temperature. In many experiments, this is 25 degrees Celsius.
The temperature in the closed collection vessel is measured with a sensor. This vessel has
both cooling and heating facilities. The cooling spiral is connected with an external cooling
unit. In this way, the maximum temperature can be limited. In case of a too low temperature
the heating spiral, which is connected with an external heating bath, can bring the
suspension to the right temperature.
pH
Algae have an optimal pH. CO2 reacts with water and forms a buffer. The pH in the Tubular
Indoor Reactor is measured and adjusted with a pH sensor and transmitter. When the pH
value is too high, extra CO2 can be added. The reactor also has a sensor for measuring the
solved oxygen (=DO) in the system. See figures 11 and 12.
Light
Above the reactor, eight high-pressure sodium lamps (660W) are responsible for the light
intensity, another essential growth factor for photosynthesis. The lamps can be changed in
height, to vary the light intensity.
Harvesting
The biomass (harvest) can be pumped to another reactor or the killing tank (repeated
batch). Since the Tubular indoor reactor is placed in a drip tray, possible leaking material can
be collected and deactivated, if GMO algae are grown, according to a protocol for GMOs.
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Picture 10: Sampling gate

Source: WUR AlgaePARC
Picture 11: DO and pH sensor

Picture 12: DO and pH transmitter

Source: WUR AlgaePARC

Source: WUR AlgaePARC
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Picture 13: Flow schema Horizontal Tubular Indoor Reactor

Source: WUR AlgaePARC
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5. LGEM Reactor
The LGem reactor is a vertical stacked tubular reactor constructed with two identical helixshaped loops (see Figures 14 and 15). Each loop is made up of 12 stacked glass tubes with a
total length of 280 meters per loop. The two loops are connected to a reactor vessel and the
total volume of the complete reactor is 1.500L. The liquid in the reactor can be recirculated
(from bottom to top) by introducing air in the bottom tube.
Air
This air, produced by two aquarium air pumps (see figure 16), will produce a wave-shaped
flow (figure 15) and a kind of headspace inside the tubes. An advantage of this headspace is
an improved gas-liquid transfer in the tubes. The turbulent flow, produced by the waves, will
also delay biofilm formation. When using only air for liquid recirculating, also the cultivation
of shear sensitive algal strains in the LGem reactor is possible. A small air pump is used to
refresh a part of the air (0-12 l/min bleed). To accelerate the liquid flow inside the reactor, a
small recirculating pump can be used. The total wet working volume, when using this
recirculating pump (recommended), is 1.300L.
pH
The pH is controlled by adding CO2 on demand to the ingoing airflow in the reactor.
Temperature
Temperature can be controlled with a heating/cooling coil inside the reactor vessel. This coil
can be heated (winter) with an electrical heating system, or cooled (summer) via an external
cooling system. Under extreme conditions (low/high indoor temperatures), additional
heating/cooling capacity can be obtained via temperature control of the compartment
where the reactor is placed.
Temperature
Temperature and pH are controlled via an AquaStar controller unit (see figure 17), and
logged on an external computer (see figure 18). LGem reactor can be harvested directly from
the reactor by using a harvest pump (figure 19), or indirect, by running the reactor in a
chemostat operating mode (continuous addition of fresh media). In the last case, the harvest
will be collected in the harvest vessel (overflow) and pumped to an external harvest tank
using a harvest pump.
Light
Above the reactor, twelve high-pressure sodium lamps (600 W each) are placed to ensure,
especially during winter, that the algae receive sufficient light to perform photosynthesis.
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Harvesting
If the biomass concentration in the reactor is high enough, the reactor can be harvested
completely (single run), or partly (batch run). Running the reactor with high optical densities
can cause a reduction in growth (light limitation) and can accelerate biofilm formation.
Picture 14: The LGem reactor

Source: WUR AlgaePARC
Picture 15: Wave-shaped liquid flow in LGem reactor

Source: WUR AlgaePARC
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Picture 16: Recirculating (bottom) and bleed (top) air pumps

Source: WUR AlgaePARC

Picture 17: AquaStar pH and temperature controller

Source: WUR AlgaePARC.
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Picture 18: Logging of temperature (red), pH (white) and dissolved oxygen (blue and green)

Source: WUR AlgaePARC
Picture 19: Harvest vessel and pump

Source: WUR AlgaePARC
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Picture 20: Sampling and filling port with harvest valves

Harvest valve V3
Harvest valve V2

Sampling valve
V1
Sampling port

Source: WUR AlgaePARC
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6. Practical Microalgae biomass production
Picture 21: The Algaemist reactor

Source: WUR, AlgaePARC
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Learning aims
Originally, this experiment is made for an Algaemist reactor. The original text can be found in
the Wiki. The costs of this reactor are around €12.000. Probably this is too expensive for a VET
school. But it is also possible to construct a reactor yourself.
See also the experiment, as described in module 3: “Growing Spirulina”.
See also the video on how to work with the Algaemist (in Sources)
In the Wiki, you also find a detailed manual, how to work with the Algaemist
Learning aims are:
1. Cultivate microalgae under simulated day/night conditions in a photobioreactor,
2. Maximize microalgae production by optimal harvesting,
3. Calculate nitrogen requirement, biomass productivity and biomass yield
4. Evaluate the influence of chosen cultivation strategies on biomass productivity.

Context of experiment
This is some introductory text for the students, also to introduce fun and competition:
“You and your partner have just been hired as trainees by Phycoprint. This is an ambitious
start-up company that wants to revolutionize global food production. Their motto is:
“Reduce your footprint, print your food”.
Phycoprint’s long term strategy is to produce retail 3D printers with which consumers can
print their food from dried carbohydrates, proteins, flavourings and water. Such a food
printer could potentially eliminate food waste and reduce food package use. In addition,
Phycoprint plans on using microalgal ingredients which potentially form a more sustainable
alternative to current land crop and animal-based diets.
While the company’s techies are still busy developing the printer, Phycoprint has already
developed and optimized a patented thin-layer horizontal cultivation system of only 14 mm
deep. The only cost variable that remains to be optimized is the amount of cultivation
medium used. This is where you come in.
Your assignment is to optimize the culture harvesting strategy such that the total cost of the
biomass produced is minimal. Naturally, the total amount of cultivation medium you use
affects the direct costs of the overall process, but by carefully choosing the frequency and
amount of medium addition you can also influence the productivity, and thus the cost, of
biomass.
It’s up to you and your partner to find the right strategy. But be aware of the competition!
There are 14 other groups trying to land a permanent contract at Phycoprint”.
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Constraints
Duration of the practical
The practical will run for 11 days. Every day, 3 hours will be spent on monitoring the culture,
calculating production rates etc., and on rethinking and adjusting the cultivation strategy.
Organism
The experiments will be carried out with the fastest-growing green microalga known to date,
Chlorella sorokiniana. This is a mesophilic freshwater microalga with a maximal growth rate
of 0.285 h-1. This means that the minimal doubling time = 2.4 h.
The ideal temperature is 38 C and the light intensity is at least 300 molphm-2s-1.
In addition, this strain can contain up to 60% starch, or up to 55% proteins, per dry weight
making it an excellent production organism. After two days, the amount of inoculum (=
starting material) will be enough to start a filled reactor (OD at 750nm of ~0.05)
Medium, pH and temperature
The growth medium is the modified M8a medium (see Materials and Methods) and contains
sufficient nutrients, apart from the nitrogen source, to support the growth of 10 grams dry
weight per litre. The culture pH will be maintained at pH 6.7 by on-demand CO2 addition.
The temperature will be controlled at 37oC.
Influence of light
In this experiment, a lab-scale vertical panel photobioreactor called the ‘Algaemist’ is used.
See chapter 2 of this module. It is also possible to use a self-constructed reactor. Module 3
gives an example. After two days of pre-cultivation at constant irradiance on one side of the
reactor, the reactor will be illuminated from one side with different levels of light.
In case you have constructed your own reactor, you simply can vary the light with a time
clock, a lamp (TL?) and a dimmer.
Rate of gassing
The photobioreactor is gassed with a mixture of air and carbon dioxide. Gassing is required
to supply carbon dioxide (CO2) but also to remove oxygen (O2). In the photobioreactor used
in the practical, gassing also serves as a way of mixing the liquid. Mixing is required to
homogenously distribute nutrients and light. Light is never homogenously distributed
because of the light gradient inherent to a self-shading algal culture. By way of mixing the
algae are moving around the light gradient in a similar way.
Intensive mixing will require substantial energy and it could physically damage cells in the
case of fragile algae species. The rate of gassing should thus be carefully chosen. This gassing
and mixing can be one of the variables in this experiment.
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Control strategy: Nitrogen source and concentration, and bicarbonate concentration
The medium that is given in the Materials and Methods section lacks a nitrogen source. You
may choose from adding ammonium chloride, sodium nitrate or urea. The applied
concentration is free to choose. Note that the choices you make may have an impact on the
pH of the culture, and thus on the required amount of sodium bicarbonate (NaHCO 3) you
should dissolve in your medium.
Pure carbon dioxide is supplied via the gas phase in this photobioreactor. This gives the
possibility to control dissolved CO2 levels and the pH at the same time based on a simple and
robust control scheme. This is illustrated in figure 15. When microalgae grow, they
incorporate CO2 into their biomass. Then, HCO3- will dissociate into CO2 and hydroxide (OH-),
to maintain the equilibrium between CO2 and HCO3-. The hydroxide causes the pH to rise.
This pH rise is then measured by the pH sensor.
The measured pH can be compared to a preferred setpoint and as soon as the measured pH
is significantly above the setpoint, CO2 is sprayed into the cultivation system. In this example
(figure 22) the content of the reactor is mixed by aeration and the CO2 is added to the air
stream.
A bit of chemistry
The control strategy works properly when bicarbonate HCO3- is present in the medium, and
other acid-base reactions can interfere with it.
The consumption of nitrogen by microalgae for example can lead to a change in pH. To
illustrate this, the stoichiometry of the growth reaction at a neutral pH is shown based on
the three possible nitrogen sources:
Nitrate
The use of nitrate (NO3-) by microalgae cells will lead to the release of hydroxide OH- and an
increase in pH. When combined with a CO2 based pH control, the OH- formed will react with
CO2 forming extra bicarbonate HCO3-. Consequently, more and more CO2 gas needs to be
supplemented with the gas steam to maintain the pH when the biomass density increases.
−
CO2 + 0.717 ∙ H2 O + 0.165 ∙ NO−
3 + 0.011 ∙ H2 PO4
→ CH1.63 O0.385 N0.165 P0.011 + 1.44 ∙ O2 + 0.176 ∙ OH −

Ammonium
The use of ammonium (NH4+) by microalgae cells will lead to the release of protons H+ and a
decrease in pH. When combined with a CO2 based pH control the H+ formed will react with
the bicarbonate HCO3- present in the liquid forming CO2 and H2O. The CO2 is lost via the
aeration.

page 23 of 36

As soon as all bicarbonate HCO3- has reacted and disappeared, the pH will drop below the
setpoint and the CO2 addition will stop. Consequently, the microalgae will stop growing due
to a lack of CO2.
CO2 + 0.552 ∙ H2 O + 0.165 ∙ NH4+ + 0.011 ∙ H2 PO−
4
→ CH1.63 O0.385 N0.165 P0.011 + 1.11 ∙ O2 + 0.154 ∙ H +
Urea
The use of urea (CO(NH2)2) by microalgae cells has a very small pH effect and will not
interfere with a CO2 based pH control. Care must still be taken that at least some
bicarbonate HCO3- is present in the medium.
0.918 ∙ CO2 + 0.635 ∙ H2 O + 0.0.825 ∙ CO2 (NH2 )2 + 0.011 ∙ H2 PO−
4
+
→ CH1.63 O0.385 N0.165 P0.011 + 1.11 ∙ O2 + 0.011 ∙ H
Figure 22: Integrated pH and CO2 control in photobioreactors. On the left, the control
scheme shows how the flow of CO2 is adjusted according to the pH measured. On the right,
an explanation of the chemistry taking place because of microalgae growth and the
functioning of the pH controller.
Air/CO2

pH measurement
& control unit

pH

Algae  CO2 + OH-  HCO3pH control

H2O

CO2(g) → CO2(aq) + H2O → H+ + HCO3CO2
Air
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Evaluation of the practical
The practical will be evaluated with a grade from 1 to 10, or in line with the current system
in your country.
The grade for the practical is based on:
1. a ‘log’ file which must be daily updated, and
2. a short strategy evaluation report was written at the end. The two runner-up groups
will receive a 0.25 points bonus.
The ‘log’ file must contain all daily measurements (raw data) and calculations. In addition, all
relevant parameters must be graphed. Every day the newly acquired data must be entered
and the relevant calculations performed. After each day (!) the updated file must be
uploaded to a shared computer; all groups can see each other’s performance. A template of
this log file will be distributed. During 7 days data and calculations have to be uploaded,
good for 0.5 point per day (total 3.5 pts). Also, correctness and clarity of the log-file will be
scored and can lead to maximally 2 points.
Below data and calculations should be included in the log-file:
1. Your cultivation strategy
o When using daily sequenced batch mode: what biomass concentration are you
aiming for, after dilution?
o Whatairfloww rate did you use – Fair / mLmin-1?
o What nitrogen source and concentration did you use?
2. All daily ‘raw’ measurement data (measurements will be explained later):
o Light intensity (% output) – should be fixed!
o pH, temperature, airflow
o Optical density (OD) values of reactor culture and harvest – ODcult and ODharv
o Volume of harvest (continuous mode) or volume dilution (repeated batch
mode) – VF / L
3. All daily calculations (calculations will be explained later):
o Calculated dry weight concentration
o Amount of biomass produced last 24 h – Mx / g
4. Include graph(s) of all parameters calculated under item 3
5. The sum of all biomass produced – Mxtot / g
6. The sum of all medium used – VFtot / L
In a strategy evaluation report, you must compare your group’s performance with that of
the other groups who probably chose a different strategy. The document should be between
2 and 3 pages containing 2-4 graphs/tables.
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In short, the below questions should be addressed in the strategy evaluation report:
1. What was your cultivation strategy? And that of the others in your subset of groups?
2. Which strategy resulted in the highest biomass productivity, and why?
3. Which strategy resulted in the lowest cost price of biomass, and why?
4. How would you do it again?
Materials and Methods
Characteristics microalga Chlorella sorokiniana
Optimum temperature: 38ºC
Optimum pH:  6.7 (6.5 - 7.0)
µmax = 0.285 h-1 (so, minimal doubling time = 2.4 h)
● qcsm = 1.25·10-4 molsmolx-1s-1
● Ycs/phm = 0.1 molsmolph-1
● ax  2.15 – 4.3 m2molx-1
● ms = 410-6 molsmolx-1s-1
● Yx/s = 0.65 molxmols-1
Biomass composition: CH1.63O0.385N0.165P0.011
Biomass molar weight (Mbio): 24 gmolx-1
Settings for the experiment
• Light: depends on your light sources
• pH setpoint: 6.7
• Temperature setpoint: 38 ºC
• Airflow: maximally 1000 mLmin-1
• CO2 flow: 100 mLmin-1
Medium composition and preparation
Note that no nitrogen source and concentration are given and that you need to decide on
the sodium bicarbonate concentration when you choose to use ammonia as a nitrogen
source.
Medium Preparation
1. Prepare 1 L of 100x concentrated stock solution of KH2PO4 (so 74 gL-1) and
Na2HPO42H2O (so 26 gL-1).
This is the stock for the phosphate-buffer solution.
2. Prepare 1 L of 100x concentrated stock solution of MgSO47H2O (so 40 gL-1) and
CaCl22H2O (so 1.3 gL-1).
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This is the stock for the macronutrients solution.
3. Prepare 1 L of 100x concentrated stock solution of FeNaEDTA (so 11.6 gL-1) and
Na2EDTA2H2O (so 3.72 gL-1).
This is the stock for the iron-EDTA solution.
4. Prepare 1 L of 100x concentrated stock solution of H3BO3 (so 6.2 mgL-1), MnCl24H2O
(so 1.30 gL-1), ZnSO47H2O (so 0.320 gL-1) and CuSO45H2O (so 0.183 gL-1).
This is the stock for the micronutrients solution.
Steps 1-4 already can be done before the experiment starts.
5. To prepare 1 L of the medium, take 950 mL of demineralized water and, while
stirring, add in this specific order: 10 ml of the phosphate buffer solution, 10 mL of
the macronutrients solution, 10 mL of the iron-EDTA solution, and then 10 mL of the
micronutrients solution.
6. Add the nitrogen source to the medium, check pH and set to pH 6.7 if necessary.
7. Add the NaHCO3 (don’t set the pH again!), and add the antifoam stock.
Table 2: Composition of modified M8a medium

Concentration / gL-

Concentration /
mmolL-1
?
5.44
1.46

Element / role

salt

N
P and K / pH-buffer
P / pH-buffer

?
KH2PO4
Na2HPO42H2O

?
0.74
0.26

Mg and S
Ca
Fe
Complexing agent
B

MgSO47H2O
CaCl22H2O
FeNaEDTA
Na2EDTA2H2O
H3BO3

0.40
0.013
0.116
3.7210-2
6.1810-5

1.62
0.09
0.316
0.100
0.001

Mn
Zn
Cu
on-demand C
supply

MnCl24H2O
ZnSO47H2O
CuSO45H2O

1.3010-2
3.2010-3
1.8310-3

0.066
0.011
0.007

NaHCO3

0.168*

2.00*

1

Antifoam B (1%
0.50 mLL-1
w/w)
* use a different concentration when your nitrogen source is ammonia!!!
Antifoam

~
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Please realize that you need to prepare (at least) enough medium for the next 24 hours.
Based on your dilution rate and the reactor volume you can estimate how much medium is
needed.
Optical Density measurement
In your own constructed reactor, optical density can be done in two ways:
1. by taking little samples and measuring them in a spectrophotometer. The wavelength
should be between 400 and 700 nm. You can find your own optimum.
2. But it is also possible to make a series of solutions, which can act as a calibration line.
You can make a colour photo of this set. Just compare the sample, or the reactor
mixture itself with these solutions and get an impression of the concentration.
The optical density (OD) of a microalgae suspension is a good measure of the dry weight
concentration. At 750 nm 1 OD unit corresponds to 0.295 gL-1 for Chlorella sorokiniana. The
optical density is measured on a spectrophotometer and is sometimes also referred to as
‘absorbance’ (Abs) or ‘extinction’ (Ext). It is measured in comparison to a reference sample
(usually water) which is defined to have an optical density of ‘zero’.
In the spectrophotometer, the OD is calculated as follows:

𝑂𝐷 = −𝐿𝑜𝑔 (

𝐼𝑠𝑎𝑚𝑝𝑙𝑒
)
𝐼𝑟𝑒𝑓

where the parameter I represent the light intensity measured at a particular wavelength
falling on the detector.
Detailed procedure
• Set the wavelength to 750 nm to measure OD750
• Set the OD750 to ‘zero’ with a cuvette (1 cm light path) filled with a growth medium
without algae.
• Fill a cuvette with a microalgae sample. Always make sure the vessel from which you
take the sample is well mixed before you take a sample (microalgae cells settle down
in time!).
• Measure the OD750 of the cuvette filled with your microalgae suspension. But (!), first
cover the cuvette with a small piece of parafilm and invert the cuvette at least three
times to mix the suspension
• Repeat this procedure at 680 nm (OD680)
Beware: In case the OD is higher than 0.8 you will have to dilute your sample accurately with
tap water using the automatic pipettes available. Write down in the results table how many
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samples (mL) and how much medium (mL) you added together in the cuvette, so later you
can re-calculate the real OD in your sample.
Always analyze two (diluted) samples to check for sampling and pipetting errors!
You will find that the OD at 680 nm is always higher than that at 750 nm. This is related to
the absorption of light by chlorophyll which peaks at 680 nm and is absent at 750 nm (where
only scattering and no absorption occurs).
The following formula (OD680-OD750)/OD750 is therefore a rough measure for the chlorophyll
content of the cells. Changes in this ratio, therefore, indicate changes in the pigmentation of
the algae. For instance, when you see that this ratio decreases it could mean that the
microalgae are experiencing nitrogen limitation or prolonged over-excitation by light
(bleaching). A decrease in the OD-ratio can also be an indication of cell death which goes
together with excessive bacterial growth.
Dry weight determination
Determine the culture dry weight concentration (unit gL-1) at least once during the practical.
Note: always handle filters and aluminium trays with tweezers.
- Put filters in an aluminium tray. Put this tray on top of another tray. In this manner,
the lower tray prevents the upper tray to get dirty in the oven or the dessicator.
- Dry filters in the oven at 95 °C for >20 h.
- Allow filters to cool down in a dessicator for >0.5 h
- Weigh dried filters + upper aluminium tray (w1).
- Take ‘x’ mL of culture sample containing ~3 mg of dry weight. Quantify this amount
accurately using a calibrated pipette.
- Dilute the culture sample 5 times with ‘demin’ water in a small flask or tube
- Pre-wash filter with 5 mL ‘demin’ water at low and constant pressure, 20 mm Hg
- Just before the filter runs dry: add the diluted sample
- Just before the filter runs dry: add 25 ml of ‘demin’ water to rinse the algae off the
glass and wash the biofilm on the filter. Perform this step twice and gently release
vacuum immediately after filter runs dry.
- Dry filters in the oven at 95º C for >20 h
- Allow filters to cool down in a dessicator for >0.5 h
- Weigh dried filters + upper aluminium tray (w2).
- Calculation of dry weight: DW (g L-1) = [w2 (g) – w1 (g)] / [‘x’ (mL) * 0.001]
- Note: the optical density (750nm) must be measured from the same culture, so that
the ratio between dry weight concentration and OD750 can be calculated.
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Planning of the practical
This planning is based on using the Algaemist reactor. You can adapt your planning to the
available equipment.
Date

Time

Tuesday

9h00 – 12h15

Wednesday

9h00 – 12h15

Thursday

9h00 – 12h15

Friday

09h00 - 12h15

Saturday
and Sunday

Activities
•
•
•

Introduction to the practical
Instructions on modelling reactor productivity
Form groups and discuss nitrogen source and
concentration, and discuss the rate of gassing

•
•
•

Prepare growth medium (1L)
Calibrate pH sensor
Fill PBR with medium and set gas flows (air: free to
choose; CO2: 100mL/min)
• Start pH control (6.7)
• Start temperature control (380C)
• Turn on lamps
• Inoculate reactor
• Take a sample (OD), report process parameters
• Upload data 1
• Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
• Fill up the reactor to compensate for evaporation
• Take a sample (OD), Report process parameters
• Increase light intensity
• Prepare 5L medium. Option to adapt nitrogen
concentration!
• Report strategy and nitrogen concentration to supervisors
• Calibrate medium pump
• Upload data 2
Reactors will be checked by supervisors between 10h00 and
11h00
• On Saturday day/night light regime will be started (light on
at 00h30, off at 14h00; maximum intensity at 1650
µmolphm-2s-1)
• Reactors will be filled up to compensate for evaporation
• online trends (Light, CO2, Air, pH, Temperature) will be
recorded
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Monday

9h00 - 12h15

•
•
•
•

Tuesday

9h00 - 12h15

•
•
•
•
•
•
•
•
•
•
•
•

Wednesday

9h00 - 12h15

•
•
•
•
•
•
•
•
•
•
•
•
•

Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
Fill up the reactor to compensate for evaporation, add
antifoam when needed
Take a sample (OD), report process parameters
Possibility to dilute reactor manually, if so measure OD
again after
START COMPETITION
Prepare additional growth medium when necessary
Groups A put dry weight filters in the oven in triplicate
Upload data 3
Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
Fill up the reactor to compensate for evaporation, add
antifoam when needed
Report process parameters
Weigh full harvest vessel, then empty and weigh harvest
vessel again (groups A keep harvest for dry weight)
Do not forget to measure the OD of the harvest!
Measure OD sample reactor (in case of manual dilution:
after dilution!)
Prepare additional growth medium when necessary
Groups A weigh dried filters, filter algae harvest and place
filters in the oven again
Groups B put dry weight filters in the oven in triplicate
Upload data 4
Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
Fill up the reactor to compensate for evaporation, add
antifoam when needed
Report process parameters
Weigh full harvest vessel, then empty and weigh harvest
vessel again (groups B keep harvest for dry weight)
Do not forget to measure the OD of the harvest!
Measure OD sample reactor (in case of manual dilution:
after dilution!)
Prepare additional growth medium when necessary
Groups A weigh filters with dried algae biomass
Groups B weigh dried filters, filter algae harvest and place
filters in the oven again
Groups C put dry weight filters in the oven in triplicate
Upload data 5

page 31 of 36

Thursday

9h00 – 12h15

•
•

•
•
•

Discuss results and strategies of other groups - report
Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
Fill up the reactor to compensate for evaporation, add
antifoam when needed
Report process parameters
Weigh full harvest vessel, then empty and weigh harvest
vessel again
Do not forget to measure the OD of the harvest!
Measure OD sample reactor (in case of manual dilution:
after dilution!)
Prepare additional growth medium when necessary
Groups B weigh filters with dried algae biomass
Groups C weigh dried filters, filter algae harvest and place
filters in the oven again
Upload data 6
Discuss results and strategies of other groups - report
Check reactor & online trends (Light, CO2, Air, pH,
Temperature)
Fill up the reactor to compensate for evaporation, add
antifoam when needed
Report process parameters
Weigh full harvest vessel, then empty and weigh harvest
vessel again
Do not forget to measure the OD of the harvest!
Measure OD sample reactor (no manual dilution
anymore!)
Groups C weigh filters with dried algae biomass
Upload data 7
Discuss results and strategies of other groups - report

•

Prize ceremony ☺

•
•
•
•
•
•
•
•

Friday

09h00 - 12h15

•
•
•
•
•
•
•
•

12h00 - 12h15
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Form for the daily process parameters
Date
Time
pH
dd/mm hh/mm

T
ºC

Airflow OD
mL/min harvest

Light

Other remarks

Optical Density (OD): The results can come from the Algaemist or own measures with a
spectrophotometer or comparison with a calibration tool.
Light: The results can come from the Algaemist or from your reactor (time and intensity of
light)
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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. What is the difference between the Algaemist and the Tubular Indoor Reactor?
2. What is the difference between the Algaemist and the Algaegerm?
3. In case you have made your own algae experiment, which name do you want to give
to your equipment.
4. What was your light source?
5. Which are, in general, the main process parameters in algae growing?
6. Describe the technique of sampling. Why is it important to work sterile?
7. What is the function of the air filter?
8. What effect has CO2 on the pH from the medium?
9. What is a GMO and what measures do you have to take when you work with a GMO?
10. Present your report of your algae growing experiment, including a drawing of your
equipment, all calculations and the log file, based on the formats in this module.
Answers
1.
2.
3.
4.
5.
6.

Algaemist is smaller and has a flat reactor.
Mainly the size.
Up to you. Show it to your teacher.
Describe the type of light.
Light, pH, temperature and CO2.
See the description in this module. It is important to work sterile, to avoid
contamination with other micro-organisms.
7. Through this filter, the produced oxygen and the unused CO2 can leave the system.
8. It lowers the pH.
9. GMO = Genetically Modified Organism. It is important to avoid the GMO “escape”,
through the wastewater and or the air.
10. Up to you. Show it to your teacher.
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8. Quiz
1. What is true?
a. Algae have optimal growth in wintertime.
b. Algae prefer tropical conditions.
c. Algae need oxygen and produce carbon dioxide.
d. Algae need carbon dioxide and produce oxygen.
2. What is the advantage of urea above ammonia, during the algae growing? Indicate
the good answer.
a. It has less influence on the pH.
b. It absorbs the produced oxygen.
c. Urea is colourless.
3. Collect products with algae in the supermarket and drugstore. What do you expect?
And what was the result?
a. 3
b. 5
c. 7
d. 10 or more
Answers
1. B, D
2. A
3. Up to the student and the country of origin.

page 35 of 36

9. Sources

Microalgae Biotechnology - Practical manual 2018 (Wageningen UR)
Instruction video for Algaemist reactor:
https://www.youtube.com/watch?app=desktop&v=6TUMM9h0qZk&feature=youtu.be
Reactor systems at Algae Parc (Wageningen UR)
Further background information can be found in the wiki.
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