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1. About the GeneBEcon Project 
GeneBEcon - capturing the potential of Gene editing for a sustainable BioEconomy 
GeneBEcon is an ambitious Horizon Europe-funded project, which examines the innovation potential of 
gene editing to enable a sustainable bioeconomy in Europe. Through the application of this technology in 
potato and microalgae, GeneBEcon intends to promote energy-efficient, low-input, and zero-pollution 
agricultural production and clean industrial processing.  
New Genomic Techniques (NGTs) represent a powerful toolbox which is complementary to traditional 
breeding techniques and contributes to alleviating current pressing challenges such as pollution and 
climate change. However, these techniques do not yet reach their full potential in Europe. GeneBEcon will 
advance research and innovation, acting on two fronts: through new gene editing developments at the 
technological level, as well as considering social, economic, and regulatory dimensions.  
Among NGTs, gene editing holds the greatest potential for contributing to the ambitious objectives of the 
European Green Deal, the 2030 Climate Target Plan, and the Circular Economy Action Plan. Nonetheless, 
risks and benefits must be assessed to ensure that gene editing innovations, just like any other type of 
innovation, are developed in a responsible, inclusive, and transparent way. GeneBEcon aims to address 
these concerns and propel Europe towards a cleaner, more sustainable and zero-pollution agricultural and 
industrial production.  
GeneBEcon will construct a toolbox for gene editing using potato and microalgae as case studies and it 
will assess regulatory options in terms of data requirements for risk assessment, analyse the economic 
impact and consider societal perceptions. The gene-edited potato will be virus-resistant to enable reduced 
use of pesticides in potato cultivation, and it will produce a higher quality starch allowing a more 
environmentally friendly potato starch processing saving up to 75,000 tonnes of chemicals and 7.5 GWh 
of energy in the EU every year. Likewise, gene-edited microalgae will allow resource-efficient and clean 
production of industrially relevant compounds and the repurposing of microalgae residual biomass as 
animal feed.  
GeneBEcon has a budget of 5.5 million Euros and a duration of three years as of 1 September, 2022. 
GeneBEcon is executed by a multidisciplinary consortium with leading scientists from 11 European 
countries and in interdisciplinary collaboration with stakeholders.  
Partners: 

Swedish University of Agricultural Sciences, 
Sweden – Project Coordinator 
XPRO Consulting Limited, Cyprus 
SolEdits AB, Sweden 
Latvijas Universitate, Latvia 
FN3PT/inov3PT, France 
INRAE, France 
Euroseeds, Belgium 
Danish Technological Institute, Denmark 
Slovak University of Agriculture in Nitra, 
Slovakia 

EV ILVO, Belgium 
Plants for the Future ETP, Belgium 
Wageningen University, the Netherlands 
BVL, Germany 
Universität Bayreuth, Germany 
Sociedade Portuguesa de Inovação, Portugal 
HZPC Research BV, the Netherlands 
INVE Belgie, Belgium 
 

Associated Partner: 
WBF-Agroscope, Switzerland 

For more information, please contact: 
Dennis ERIKSSON, Project Coordinator 
Department of Plant Breeding, Swedish University of Agricultural Sciences, Sweden  
E-mail: dennis.eriksson@slu.se  
Website: https://www.slu.se/en/ew-cv/dennis-eriksson/  
 
Funded by the European Union. Views and opinions expressed are however those of the author(s) only 
and do not necessarily reflect those of the European Union or European Research Executive Agency 
(REA). Neither the European Union nor the granting authority can be held responsible for them. 

mailto:dennis.eriksson@slu.se
https://www.slu.se/en/ew-cv/dennis-eriksson/
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2. Executive Summary 
The purpose of the GeneBEcon project, is to investigate the potential of using New Genomic Techniques 
(NGT) to contribute to future energy-efficient, low-input and zero-pollution agricultural production and 
industrial processing. One crop being investigated in the project, is the microalgae Chlorella with the 
purpose of extracting Mycosporine-like Amino Acids (MAAs) for the pharmaceutical industry or other 
relevant applications. A mild extraction method, without the use of harsh chemicals, will be developed in 
the project, allowing the residual biomass to be used for animal feed. This report describes the upscaling 
of wild type Chlorella microalgae from a few millilitres to pilot scale production in a 250 liter photobioreactor. 
The purpose of the work is to study the growth kinetics of the wild type strain, before switching to a NGT 
modified strain, in order to determine the production potential. Valuable experience in handling the gradual 
increase in production volume was obtained. The Chlorella strain showing the highest growth potential 
(OLI 26 SB) was chosen after an initial screening of strains from different culture collections. The growth 
of this strain, however, was still relatively slow compared to strains used in commercial production. This 
study will be followed by another study of the NGT modified Chlorella once it is developed. 
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3. Introduction to the Deliverable D3.1 
Deliverable 3.1 "Report on the upscaling of WT Microalgae strain" will report 1) the case study upscaling 
results of the wild type Chlorella strain from a few millilitres, as delivered from the culture collection, to 
production in a 250 liter photobioreactor, 2) the parameters for the cultivation, 3) adaptations needed when 
changing to an NGT strain for upscaling. The deliverable is Linked to Task T3.4: Cultivation and upscaled 
production of microalgae in the GeneBEcon project Work Package 3 (WP3) “Innovating the production 
processes involving NGT products”, which focuses on upscaling the genome editing system and validating 
NGT applications for potato and microalgae in a relevant environment. This deliverable is part of the 
GeneBEcon work aiming at objectives O9 “Scale up the production of microalgae and extraction of NGT-
enriched added value compounds, while redirecting the residual biomass from a potential costly waste-
stream towards a nutritional component of chicken feed, thus enabling a no-waste production chain for a 
circular bioeconomy”.  

4. Introduction to Microalgae 
Microalgae are a group of microscopic organisms found in various aquatic and terrestrial environments. 
They float in the water column or are attached to plants, rocks, and snow ice. Microalgae are unicellular 
organisms that range in size from a few to hundreds of micrometres (μm), depending on the species, and 
exhibit great morphological diversity. They can grow singly or form chains and groups. Microalgae need 
water, sunlight, carbon dioxide and inorganic nutrients to grow. They play a key role in the biogeochemical 
cycling of carbon, nitrogen, iron, silica, phosphorus. Through photosynthesis they serve as major carbon 
sink and produce approximately 50% of the atmospheric oxygen (Falkowski, 1994). Microalgae are the 
primary producers in the aquatic environment and represent the base of the food web and have a key role 
in the energy and matter transfer among trophic levels.  

4.1 Microalgae and biotechnological applications 
Microalgae are an exciting source of high value compounds such as proteins with a high concentration of 
essential amino acids, omega-3 fatty acids, antioxidant pigments such as β-carotene and astaxanthin, 
vitamins, etc. In addition, their ability to sequester CO2 at a high rate has attracted much attention as an 
environmentally friendly solution to reduce and mitigate CO2 emissions. So far, microalgae are mainly 
marketed as whole/extruded biomass to supplement food or feed. There are few high-quality products 
such as astaxanthin oleoresin, β-carotene, etc. that are successfully marketed. Microalgae are capable of 
accumulating mycosporine-like amino acids (MAA), which have high utilisation potential in 
pharmaceuticals and industry. GeneBEcon will enhance the production of MAAs in Chlorella, a microalgae 
species of particular interest due to its "novel food" status, paving the way for further food and feed 
applications. 

4.2 Cultivation of microalgae and commercial production 
The cultivation of microalgae is the focus of a long series of research and development projects in the field 
of microalgae biotechnology. In autotrophic cultivation, microalgae use light to fix CO2 through 
photosynthesis, while in heterotrophic cultivation, microalgae can grow in the dark and use organic 
compounds as a carbon source. Media for microalgae cultivation are traditionally based on inorganic forms 
of nitrogen (N), phosphorus, silica (Si, for diatoms), trace metals, and vitamins. Microalgae are also 
cultivated in various industrial side streams such as wastewater from aquaculture, agriculture, etc. 
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The global microalgae market was estimated at USD 1001.9 million in 2022 and is expected to grow at a 
compound annual growth rate (CAGR) of 5.4% during the forecast period1. Commercial production of 
microalgae is still limited in the EU but it's growing, and it is expected to reach just below 500 million USD 
with a CAGR of 9.3%2. Although microalgae are generally considered as a source of bioenergy and 
biopharmaceuticals, there are still some limitations and challenges that need to be overcome in order to 
develop the technology from laboratory scale to pilot phase and industrial level. An initial pilot-scale 
cultivation of the wild type (WT) Chlorella in a 250-liter photobioreactor (PBR) will allow knowledge of the 
microalgae to be gathered and provide a solid foundation for the pilot-scale cultivation of the NGT Chlorella 
strain that will be developed as part of the GeneBEcon project. This strain will produce increased amounts 
of MAAs, a compound that may be of interest in research and development projects to develop novel and 
natural protective agents for skin protection against UV radiation. 

 

5. Materials and methods 
 

5.1 Upscaling principles of microalgae culture 
Non-axenic (unialgal, monoclonal) wild strains of Chlorella and Chlorella vulgaris were obtained from the 
Norwegian Culture Collection (NORCCA, Norway) and the Roscoff Culture Collection (RCC, France). The 
strains were transferred from the original stocks, K medium into the tissue culture flasks with an initial 
volume of 20-40 mL in F2 medium. The F2 medium is prepared by autoclaving tap water and adding 
inorganic nutrients (N, P), trace metals, and vitamins according to the procedure described by Guillard 
(1975). Chlorella sp. OLI 26 SB (Picture 1; information about the strain in Table 1; selected strain bolded) 
was chosen to demonstrate the upscaling process because it is the fastest growing strain in the initial 
screening study.  

 
Picture 1: Microscopy image of Chlorella sp. OLI 26 SB cells 

                                                 
1 https://www.polarismarketresearch.com/industry-analysis/microalgae-market 
2 https://www.meticulousresearch.com/product/europe-microalgae-market-5491 

https://www.polarismarketresearch.com/industry-analysis/microalgae-market
https://www.meticulousresearch.com/product/europe-microalgae-market-5491
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Table 1: Information about the strain from the screening study (source: NORCCA, Norway and 
RCC, France). Selected strain in bold. Note: the strain selection was done following the Nagoya 
Protocol (NP) contributing to the conservation and sustainable use of biological diversity. 

Genus 

or 
species  

Strain 
name 

Culture 
status 

 Strain origin Sampling  
date 

Original 
cultivation 

medium  

Original 
cultivation 

temperature 
(°C) 

Chlorella 

sp. 

MH343, 

NIES-

2761 

Clonal  Pacific Ocean 2009 L1 22 

Chlorella 
sp. 

OLI 26 
SB – B 

Clonal  Pacific Ocean 1994 K 20 

Chlorella OLI 26 

SB 

Clonal  Pacific Ocean 1994 K 20 

Chlorella 

sp. 

NIVA-

CHL 106 

No info. River Nile, Egypt 1987 Z8 15 

Chlorella 

vulgaris 

NIVA-

CHL 108 

No info. Freshwater 

environment, 

Germany 

1990 Z8 15 

Chlorella 

sp. 

NIVA-

CHL 171 

No info. River Glåma, Norway 1998 Z8 15 

 

Upscaling of the microalgae culture consists of a few steps, transfer to tissue culture flasks with volumes 
up to 250 mL (Picture 2A), to photobioreactors with volumes of 0.5, 1, and 5 L (Picture 2B,C), and finally 
to tubular photobioreactors with volumes of 25 and 250 L (Picture 3). Increasing the volume of the 
microalgae culture, is done gradually. It is crucial that the microalgae culture gradually acclimates to new 
and larger volumes and reaches a certain cell density to avoid stress to the cells and a long lag phase in 
the growth cycle. During cultivation in the tubular PBRs, the cultures were supplied with CO2 and inorganic 
nutrients were added 1-3 times per week to ensure stable growth and avoid any kind of restriction that 
could limit growth. 
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Picture 2: Upscaling principles of microalgae culture: (A) original stock, tissue culture flask (B) 
small photobioreactors (0,5 and 1 L) (C) big photobioreactor (5 L). 

 

 
Picture 3: Tubular photobioreactors (A: 25 L and B. 250 L). 

5.2 Design of photobioreactors  
For the upscaling, two horizontal tubular photobioreactors were used: one with a total volume of 25 Liter 
Lgem Lab-25 tubular PBR (Lgem, de Kwakel, The Netherlands), and one with a total volume of 250 Liter 
(layout shown in Figure 1, and described in detail by Thoisen et al. (2020)). Both feature the same air-lift 
circulation principle for mixing and degassing, and the net volume is therefore lower than the total volume 
(the tubes contain both algae culture and air). Both reactors are illuminated by LED lamps with a day/night 
cycle of 12/12 hours. At low cellular density, after inoculation or harvest, the light intensity is low but as the 
density is increasing, the light intensity is increased accordingly. The pH sensor is used to control the 
addition of CO2 to the PBR; during photosynthesis, the algae take up CO2 from the water, causing pH to 
increase. When pH increases above the setpoint (7,85), a solenoid valve opens and the compressed air 
that drives the PBR, is enriched with CO2. This causes the pH to drop below the setpoint again, and the 
valve closes.  
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Figure 1: Schematic overview of the 250 Liter photobioreactor used as the final step in the 
upscaling process of WT Chlorella microalgae, described in this report. From the tank, the algae 
culture passes pH- and oxygen sensors before entering the transparent tubes (at the bottom), 
which forms a rectangular helix, with outlet to the top of the tank, completing the circuit. The LED 
assimilation light is placed vertically on one side of the photobioreactor. 

The oxygen released by the algae during photosynthesis, will cause the oxygen concentration in the media 
to increase and become oversaturated with oxygen if it is not managed properly. This could reduce the 
algae growth and the productivity of the system. The design of the PBRs ensures constant mixing of air 
and water, effectively scrubbing the excess oxygen from the medium. The 250 Liter photobioreactor for 
upscaled cultivation, consists of 2 x 12 transparent Ø64 mm and 2000 mm long acrylic tubes (48 meter in 
total) with a slope of 2,08°. The assimilation light consists of 6x SENMATIC, FL300 grow white LED Fixture 
(SENMATIC, Søndersø, Denmark) which are placed 1 metre in front of the PBR. The intensity is adjusted 
via the Fionia Lighting Interface Software (SENMATIC, Søndersø, Denmark).  

5.3 Conditions during cultivation  
The cultivation conditions changed during the upscaling; small scale cultivation (up to 5 Liter - Picture 2 
A,B,C) was done in an incubator with temperature control (15 °C) and LED light (14h light per day of 130 
µmol m-2 s-1 PPFD), but only with limited CO2 addition and O2 scrubbing (by means of atmospheric air 
bubbling). In the 25- and 250-liter tubular reactors, injection of pure CO2 was used to actively control the 
pH level. Average conditions during the cultivation period for the final cultivation volume, can be seen in 
Table 2. The irradiance level in the day (light) period was increased with increasing cell density and the 
light level therefore ranges from 85 to 588 µmol m-2 s-1 PPFFR.  

Table 2: Average conditions in the 250 Liter PBR during cultivation period 16.02.2023 - 05.07.2023 
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Parameter Unit Average, range (stdev) 
pH pH 7,84 +/- 0,12 

O2 saturation level % 91,7 +/- 8,5 
Temperature °C 20,5 +/- 1,4 

Irradiance (PPFFR) µmol m-2 s-1 85…588 (12h day), 0 (12 h night) 
 

5.4 Measurements of optical density (OD) 
Samples to monitor microalgal growth were collected 2-3 times per week. Optical density of the sample 
was measured by spectrophotometer (BioSpectrometer basic, Eppendorf, Hamburg, Germany) at a 
wavelength of 720nm. Subsamples of the culture were examined under the inverted microscope to 
determine if there was any possible contamination that could negatively affect growth. 

6. Results 
6.1 Growth cycle of the strain Chlorella sp. OLI 26 SB in the PBR  
Two cycles of cultivation of Chlorella sp. OLI 26 SB were performed in the 250 L PBR (Picture 3B). The 
OD measurements show that the culture moved from lag phase to exponential growth phase, stationary 
phase and death phase in both cultivation cycles (Graph 1). The decrease in OD of the culture in the later 
stages of the growth cycles is due to two reasons: cell death and the fact that the microalgae adhere to 
the transparent surface of the PBR, so that fewer cells float in the liquid phase of the culture. To maintain 
stable growth, parameters such as pH, CO2, the addition of inorganic nutrients, trace metals, vitamins, and 
light are essential for large-scale microalgae cultivation. Strategies to reduce biofouling and increase 
biomass productivity should be further investigated in future projects. One of the possible strategies could 
be to increase the efficiency of airlift pumps, which can accelerate water flow and reduce biofouling 
formation. However, that would result in reduced cultivation volume in the PBR due to a larger part of the 
total volume being taken up by air. 
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Graph 1: Growth cycles of Chlorella sp. OLI 26 SB during two cultivation cycles in the 250 L PBR.  
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6.2 Transfer of knowledge for NGT cultivation 
During NGT cultivation, the laboratory and all equipment should comply with the EU regulations for working 
and handling NGT organisms (Directive 2009/41/EC; Directive 2001/18/EC). The main points are to ensure 
that no microalgal cultures are spilled from the photobioreactors. The subsamples collected to determine 
growth rates should be neutralized and the falcon tubes and all consumables should be disposed of as 
biological waste that complies with the genetic modification regulations and protocols that will be 
developed in the laboratory and approved by the national authority (Directive 2009/41/EC; Directive 
2001/18/EC). Based on current regulations for NGT, the PBR and other equipment that has been in contact 
with NGT microalgae can only be used for NGT microalgae. 

7. Conclusion 
• Scale-up should be gradual, transferring microalgae from small to larger volumes to avoid stress 

to the cells and long lag phases in the growth cycle. 

• For stable and continuous cultivation of microalgae, temperature and irradiance should be kept in 
the optimal range and the culture should be continuously supplied with inorganic nutrients, trace 
metals and vitamins to ensure stable growth and avoid limitations. 

• The Chlorella sp. strain OLI 26 SB studied was isolated in seawater in 1994. Long-term cultivation 
under laboratory conditions could slow the growth of the microalgae, which could be one reason 
why the strain took so long to reach a higher biomass when cultivated in PBR. 

• The next step of investigation in future projects could be to find a strategy to reduce biofouling to 
maintain the productivity of the system. 

8. Literature 
Falkowski, P. G. (1994). The role of phytoplankton photosynthesis in global biogeochemical cycles. 
Photosynthesis research, 39, 235-258. 

Guillard, R. R. (1975). Culture of phytoplankton for feeding marine invertebrates. In Culture of marine 
invertebrate animals: proceedings—1st conference on culture of marine invertebrate animals greenport 
(pp. 29-60). Boston, MA: Springer US. 

Thoisen, C., J.S. Pedersen, L. Jørgensen, A. Kuehn, B.W. Hansen, S.L. Nielsen (2020): The effect 
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RRI Questionnaire  
 
Question Answer 
1. How the RRI concept has been 

considered in the completed work? 
Mainly in terms of open access to the results and choice 
of genetic material. 

2. Have stakeholders been consulted during 
the work? 

No, it has not been necessary to discuss the upscaling 
of WT chlorella with the stakeholders. 

a. How? See answer to question 2. 
b. What inputs have been obtained 

during the interaction with the 
stakeholders? 

See answer to question 2. 

c. Have these inputs changed the 
considerations of the work? See answer to question 2. 

3. In involving stakeholders, did you have to 
explain the science behind the work? 
Please explain how you did this. 

See answer to question 2. 

4. Explain the Ethical procedures you are 
following in the course of the completed 
work. 

For the current work, only wild type Chlorella have been 
used. During the selection of the strain, the Nagoya 
Protocol was honoured.  No risk of modified organisms 
escaping to the environment. 

5. Have you considered any gender issues 
in the work? 

No – we cannot see any gender issues with WT Chlorella 
cultivation. The purpose for cultivating (produce MAA 
and chicken feed) is relevant for both male and female 
consumers. 

a. Which ones? Se answer to question 5. 
b. How did they affect the work and/ or 

results? Se answer to question 5. 

6. What kind of open science actions have 
you included in the work and results? 

The results are made available in this publicly available 
report. The genetic material used in the work, are from 
the culture collections RCC and NORCCA and are also 
available to everyone. 

7. In this Deliverable/ Milestone, what kind 
of governance/ regulation issues do you 
foresee? 

None for the wild type cultivation. Chlorella is already 
approved for food and feed and we have ensured 
compliance with the Nagoya Protocol. 

a. What kind of change to a product-
based regulatory system could 
enable its wider acceptance by 
taking into account 

 

i. the development stage of the 
product,  

ii. its benefits and risks, and  
iii. its degree of certainty about its 

future properties.  
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