
Communications about the INTERREG EnhanceMicroalgae
project  towards stakeholders and general public

Constantinos Theodoropoulos– University of Manchester
Department of Chemical Engineering, Biochemical and Bioprocess Engineering Group
Manchester M13 9PL UK

La Rochelle, 20/10/2022



01

Communications and metrics
EMA website and social media
EMA Newsletter
Microalgal strain catalogue
Microalgal growth video

Research and development
Laboratory-scale, bench- and pilot-scale cultivation
An autotrophic cultivation model
New publications and keynote lectures/seminars

OUTLINE



EMA Website2.1

EMA website management. www.enhancemicroalgae.eu
• 81 posts throughout the lifetime of the project
• Updated with EnhanceMicroalgae Project Extension
• New list(s) of full and associated partners. 
• In total 46,844 views since creation of the site
• Links to microalgae-related workshops, conferences, and webinars 
• Publications page updated regularly with EMA partners contributions
• News page updated regularly with project updates 
• Links to social media accounts
• Newsletter subscription on homepage



2.1 EMA Website Metrics

EnhanceMicroAlgae Website Metrics

• Total of 46,844 pageviews, with 34,377 of those 
being unique pageviews

• 12,835 pageviews on the homepage

• 2,391 pageviews on the Stakeholder Database, 
with an average time of 2m26s per view

• 1,885 pageviews on the Publications page

• 2,130 pageviews on the Partners page

1. English – US
2. English – GB
3. Spanish – Spain
4. French – France
5. Portuguese – Portugal
6. French
7. Chinese – China
8. Italian – Italy
9. German – Germany
10. Spanish

Top Languages Accessing the Website



EMA Social Media
Metrics2.2

• 550 connections
• Averaging around 1000 views per post
• Good level of interaction (likes/shares) with posts

Top 5 Job Titles Reached:
• Postdoctoral Researcher
• Professor
• Project Manager
• Process Engineer
• Lecturer

• 573 followers
• 231 tweets

October 2022 Summary as of 19/10:
• 571 Tweet impressions
• 313 profile visits
• 12 new followers

• 246 followers • 277 followers

Top 5 Industries Reached:
• Biotechnology
• Research
• Higher Education
• Chemicals
• Renewables & Environment
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Newsletter subscribers

EMA Newsletter2.3

• 19 issues in total throughout the project
• 149 active subscribers
• Past issues here.
• Average between 55%-65% of subscribers reading each issue

EnhanceMicroAlgae Newsletter

https://us20.campaign-archive.com/home/?u=1d51144304d3308984f5c8c93&id=c9682f3a13


EMA Newsletter
Latest issue

2.3



Microalgal cultivation video2.4



Research and development
Experiments at different scales3.1

Chlorella Sorokiniana
Porphyridium Purpureum
Nannochloropsis GaditanaLab scale

Bottles (500 ml) Pilot scale 
Open raceway Ponds (500 l)

Bench scale
Bubble column (PBR- 15 l)



Conditions
Species Studied

C. Sorokiniana P. Purpureum N. Gaditana
Low light

√
Low nitrogen

Low light
√

Central nitrogen

Low light
√ √

High nitrogen

High light
√

Low nitrogen

High light
√ √

Central nitrogen

High light
√ √

High nitrogen

3.2 Laboratory scale experiments 



Lab scale experiments3.2 Chlorella Sorokiniana

Figure : Comparison of experimental results of Chlorella Sorokiniana in bottles _Low N (1.65mM) _Central N (6.6mM)
_High N (3.3mM) and _Low L (20 µmol·m-2·s-1) _High L (110 µmol·m-2·s-1)



Lab-scale experiments3.2 Porphyridium Purpureum
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Figure : Comparison of experimental results of Porphyridium purpureum in bottles _Low N (0.45mM)
_Central N (0.90mM) _High N (1.80mM) and _Low L (20 µmol·m-2·s-1) _High L (110 µmol·m-2·s-1)
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Lab-scale experiments3.2 Nannochloropsis Gaditana

Figure :  N.gaditana in bottles. Experimental condition: Low light (20 µmol·m-2·s-1) Central N (0.046 g/L)



Photobioreactor experiments3.3

Conditions
Species Studied

C. Sorokiniana P. Purpureum N. Gaditana

High Light

√ √Central Nitrogen

Low Air Flow Rate
High Light

√ √ √Central Nitrogen
High Air Flow Rate



Photobioreactor experiments3.3 Chlorella Sorokiniana

Figure : Comparison of biomass experimental results of C. sorokiniana in bubble column PBR High airflow
rate (5L/min) _Central N (0.046 g/L) and Low air flow rate (1.5L/min) _Central N (0.046 g/L)



Photobioreactor experiments3.3 Porphyridium Purpureum
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Figure : Comparison of experimental results of Porphyridium purpureum in bubble column PBR High airflow rate
(5L/min) _Central N (0.046 g/L) and Low air flow rate (1.5L/min) _Central N (0.046 g/L)
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Photobioreactor experiments3.3 Nannochloropsis Gaditana

Figure : Experimental results of Nannochloropsis Gaditana in bubble column PBR High airflow rate (5L/min)
_Central N (0.046 g/L) Light??



Open ponds experiments3.4

Conditions
Species Studied

C. Sorokiniana P. Purpureum N. Gaditana

High Light

√Low Nitrogen

Air Flow Rate
High Light

√Central Nitrogen √
Air Flow Rate

High Light

√ √High Nitrogen
Air Flow Rate



Open ponds experiments3.4 Chlorella Sorokiniana

Figure : Comparison of experimental results of Chlorella Sorokiniana in ponds _Central N (0.90mM)



3.4
20Open ponds experiments

Chlorella Sorokiniana

Figure : Comparison of experimental results of Chlorella Sorokiniana in ponds _Central N (0.90mM)



3.4
21Open ponds experiments

Chlorella Sorokiniana

Figure : Comparison of experimental results of Chlorella Sorokiniana in ponds_no bubbling



3.4
22Open ponds experiments

Porphyridium Purpureum
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Figure : Comparison of experimental results of Porphyridium purpureum in ponds _Low N (3.3mM) and _High N (6.6mM)
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3.4
23

Nannochloropsis Gaditana
Open ponds experiments

Figure : Comparison of experimental results of Nannochloropsis gaditana in ponds _Central N (3.3mM) _and
_Low L (20 µmol·m-2·s-1
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Model development4.1
Autotrophic conditions

𝝁 = 𝝁𝑴,𝒎𝒂𝒙 𝝁𝑰 #𝑰 𝝁𝑵 𝒒𝑵 (𝟏)Microalgae specific growth rate:

𝝁𝑵 𝒒𝑵 = 𝟏 −
𝒒𝑵,𝟎
𝒒𝑵

(𝟏. 𝟐)

𝝁𝑰 #𝑰 =
#𝑰

#𝑰 + 𝑲𝑺,𝑰 +
#𝑰𝟐
𝒌𝒊,𝑰

(𝟏. 𝟏)

𝒒𝑵 , Nitrogen quota
𝒒𝑵,𝟎 , Nitrogen quota to sustain growth

𝝁𝑴,𝒎𝒂𝒙 , Maximum specific growth rate
#𝑰 , Light intensity

Light contribution

Nitrogen contribution

𝑲𝑺,𝑰 , Saturation constant
𝒌𝒊,𝑰 , Inhibition constant



Model development4.1

Nitrogen uptake rate: 𝝆𝑵 = 0𝝆𝑵,𝒎𝒂𝒙 𝑵𝟎, 𝑿 4
𝑵

𝑵 + 𝑲𝒔,𝑵 +
𝑵𝟐
𝒌𝒊,𝑵

(𝟐)

𝝆𝑵,𝒎𝒂𝒙 , Maximum nitrogen uptake rate

𝝆𝑵 , Nitrogen uptake rate

𝑵 , Nitrogen concentration

𝑵𝟎 , Initial nitrogen concentration

𝑿 , Biomass concentration

𝑲∗ , Saturation constant, N0

𝝓𝑵 , Uptake regulation coefficient

0𝝆𝑵,𝒎𝒂𝒙 𝑵𝟎, 𝑿 = 𝝆𝑵,𝒎𝒂𝒙 4
𝑵𝒐

𝑵𝒐 + 𝑲∗
4 𝒆1𝝓𝑵3𝑿 (𝟐. 𝟏)

𝑲𝒔,𝑵 , Uptake saturation constant

𝒌𝒊,𝑵 , Uptake inhibition constant



Model development4.1

Rates of formation of cellular compartments:

𝒓𝟏, 𝒓𝟐, 𝒓𝟑, 𝒓𝟒 , Rates of reactions
𝑵 , Nitrogen concentration

𝑿 , Biomass concentration
𝒏𝒔, 𝒏𝑳 , Shape-controlling exponents
𝒌𝒔𝒂𝒕,𝑺, 𝒌𝒔𝒂𝒕,𝑳 , Saturation constants

𝑲𝒔,𝑺, 𝑲𝒔,𝑳 , Saturation constants
𝒌𝒊,𝑺, 𝒌𝒊,𝑳 , Inhibition constants

𝑹𝟏 = 𝒓𝟏 /
𝑵𝒊
𝒏𝒔

𝑵𝒊
𝒏𝒔 +𝑲𝒔,𝑺

𝒏𝑺 + 1𝑵𝒊
𝟐 𝒌𝒊,𝑺

𝒏𝒔 /
𝒌𝟏

𝒌𝟏 + ⁄𝑵 𝑵𝒐
/ 𝟏 +

𝟏
𝝁 / 𝒆

𝝓𝑺 / 𝝁 / 𝒙∗ (𝟑)

𝑹𝟑 = 𝒓𝟑 /
𝑵𝒊
𝒏𝑳

𝑵𝒊
𝒏𝑳 +𝑲𝒔,𝑳

𝒏𝑳 + 1𝑵𝒊
𝟐 𝒌𝒊,𝑳

𝒏𝑳 /
𝒌𝟐

𝒌𝟐 + ⁄𝑵 𝑵𝟎
/ 𝟏 +

𝟏
𝝁 / 𝒆

𝝓𝑳 / 𝝁 / 𝒙∗ (𝟒)

𝑹𝟐 = 𝒓𝟐 /
𝑿
𝒒𝑵

/
⁄𝑺 𝑿

⁄𝑺 𝑿 + 𝒌𝒔𝒂𝒕,𝑺
(𝟓)

𝑹𝟒 = 𝒓𝟑 /
𝑿
𝒒𝑵

/
⁄𝑳 𝑿

⁄𝑳 𝑿 + 𝒌𝒔𝒂𝒕,𝑳
(𝟔)

𝑺 , Starch concentration

𝑳 , Lipid concentration



Model development4.1

Nitrogen uptake rate: 𝝆𝑵 = 0𝝆𝑵,𝒎𝒂𝒙 𝑵𝟎, 𝑿 4
𝑵

𝑵 + 𝑲𝒔,𝑵 +
𝑵𝟐
𝒌𝒊,𝑵

(𝟐)

𝝆𝑵,𝒎𝒂𝒙 , Maximum nitrogen uptake rate

𝝆𝑵 , Nitrogen uptake rate

𝑵 , Nitrogen concentration

𝑵𝟎 , Initial nitrogen concentration

𝑿 , Biomass concentration

𝑲∗ , Saturation constant, N0

𝝓𝑵 , Uptake regulation coefficient

0𝝆𝑵,𝒎𝒂𝒙 𝑵𝟎, 𝑿 = 𝝆𝑵,𝒎𝒂𝒙 4
𝑵𝒐

𝑵𝒐 + 𝑲∗
4 𝒆1𝝓𝑵3𝑿 (𝟐. 𝟏)

𝑲𝒔,𝑵 , Uptake saturation constant

𝒌𝒊,𝑵 , Uptake inhibition constant



Model development4.1

Time-dependent kinetic expressions:
𝒅𝒙∗

𝒅𝒕 = 𝝁 / 𝑿 + 𝑹𝟐 + 𝑹𝟒 − 𝑹𝟏 + 𝑹𝟑 (𝟕)Active biomass (𝒙∗)

𝒅𝑺
𝒅𝒕 = 𝑹𝟏 − 𝑹𝟐 (𝟏𝟎)Starch (𝑺)

Lipid (𝑳)
𝒅𝑳
𝒅𝒕 = 𝑹𝟑 − 𝑹𝟒 (𝟏𝟏)

Total biomass (𝑿)
𝒅𝑿
𝒅𝒕 =

𝒅 𝒙∗ + 𝑺 + 𝑳
𝒅𝒕 = 𝝁𝑿 (𝟏𝟐)

𝒅𝑵
𝒅𝒕 = −𝝆𝑵 / 𝑿 (𝟖)Nitrogen (𝑵)

𝒅𝒒𝑵
𝒅𝒕 = 𝝆𝑵 − 𝝁𝒒𝑵 (𝟗)Nitrogen quota (𝒒𝑵)

ODE(1)

ODE(4)

ODE(5)

ODE(6)

ODE (2)

ODE(3)



Model development
Parameter estimation for lab-scale
experiments

4.1

μmax 0.0805 h-1

Ks,I 56.612 μmolm-2s-1

ki,I 6.816 μmolm-2s-1

qN,0 0.0581 gN gC-1

Ϭ 758.513 L gC-1 m-1

ρN,max 60.866 gN gC-1 h-1

K* 1.0306

ΦN 8.903

Ks,N 70.623 gN L-1

ki,N 0.0003 gN L-1

r1 0.0000136 gC gC-1

r2 0.0000299 gN gC-1h-1

r3 0.0000010 gC gC-1

r4 0.0101 gN gC-1h-1

k1 0.0000073

k2 0.633

Ks,S 0.00906 gN L-1

ki,S 0.00631 gN L-1

Ks,L 0.0106 gN L-1

ki,L 0.00800 gN L-1

nS 2.852

nL 1.4636

Φs 20.333 L gC-1

ΦL 10.791 L gC-1

ksat,S 45.940

ksat,L 5.6108



Model fitting4.2

Biomass Nitrogen Nitrogen quota

Starch Lipid Active biomass

Chlorella Sorokiniana

Lab-scale, low light, high nitrogen conditions



5.1 Invited keynote presentations

Sargent Centre Seminar Series – Imperial College (12/5/21)
Integrated Systems Approach for Optimizing the Sustainable Bioproduction of Biofuels and Added-Value Chemicals: 
The Microalgal Biorefinery Paradigm

NUI Galway Ireland Workshop: 
Microalgae biotechnology for biofuel
production and environmental application (20/5/2022)
Microalgal biomass as a biorefinery platform for biobutanol and biodiesel production

Also, a number of presentations at International conferences:



A multiscale modelling approach for Haematococcus pluvialis
cultivation under different environmental conditions

Biotechnology reports (IF= 4.401) in print
https://doi.org/10.1016/j.btre.2022.e00771
EnhanceMicroAlgae project is acknowledged.

Summary: In this work, we develop a novel multiscale 
segregated-structured model based on Population Balance 
Equations (PBEs) to describe the photoautotrophic growth of 
H.pluvialis, in particular cell growth, and lysis, making possible 
the description of the relationship between cell 
volume/transition, cell loss, and metabolic product availability. 
Cell volume is the internal coordinate of the population balance 
model, and its link with intrinsic concentrations is also 
presented. The model parameters are fitted against 
experimental data, extensive sensitivity analysis is performed 
and the model predictive capabilities are tested in terms of cell 
density distributions, as well as 0th and 1st order moments.

Publications5.2

t (days) 
28 21 35 42 49 56 0 14 7 



Publications5.2

Sustainable Energy Fuels (IF=6.367), 2022, 6, 2771-2782
DOI: 10.1039/D2SE00124A 
EnhanceMicroAlgae project is acknowledged.

Summary:

• This work presents a fed-batch cultivation strategy consisting 
of intermittent acetic acid (carbon substrate) pulses. The fed-
batch strategy was evaluated in bench-scale mixotrophic 
cultures of Chlamydomonas reinhardtii, resulting in 
significantly increased biomass densities, and starch and 
lipid formation. 

A highly productive mixotrophic fed-batch strategy for 
enhanced microalgal cultivation



Techno-economic analysis of a microalgae-based biorefinery 
network for biofuels and value-added products 

Algal Research (IF= 4.401) (under review)
EnhanceMicroAlgae project is acknowledged.

Summary:
• This work presents a technoeconomic analysis (TEA) of a 

microalgae-based biorefinery for the production of fuels (biodiesel 
and biobutanol) and co-products (acetone, ethanol, and glycerol). 

• The biorefinery network is comprised of three key areas: 
• Area 100: feedstock pre-treatment (acid hydrolysis, AH; 

solvent extraction, SX).
• Area 200: biodiesel production and separation.
• Area 300: biobutanol production and separation.

• The TEA was conducted to determine the biofuel production 
capacity and evaluate the investment potential as well as the 
Minimum Fuel Selling Price (MFSP).

Publications5.2



5.3

Microalgae Strain Catalogue – A strain selection guide for microalgae users

Microalgae Strain Catalogue were circulated:

• 1st Edition (September 2019): 17 species + 12 medium recipes

• 2nd Edition (May 2020): 27 species  + 14 medium recipes

• 3rd Edition (June 2021): 37 species + 14 medium recipes + algae-
specific stakeholder information

EMA Microalgae Strain Catalogue



Thank you!

k.theodoropoulos@manchester.ac.uk


