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Expected scenario
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CO2 emissions - Global Carbon Budget 2023

COP21 scenarios to 
limit global warming 
to +1.5 / 2 °C

Fig 1-4. Friedlingstein et al. (2023). Global Carbon Budget 2023. 
Earth System Science Data, 15(12), 5301‑5369.
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CO2 emissions

Expected scenario

COP21 scenarios to 
limit global warming
to +1.5 / 2 °C

- Global Carbon Budget 2023

Fig 1-4. Friedlingstein et al. (2023). Global Carbon Budget 2023. 
Earth System Science Data, 15(12), 5301‑5369.



CO2 emissions - Agrifood sector contribution
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 ±1/3 of total GhG emissions in 
2020 (FAO, 2022)

 +9% increase since 2000 

 Mostly for protein-rich food
 +50% demand by 2050 

(Boland, 2013)

 Need for low-CO2 protein-rich 
food production systems!

Fig 5. Greenhouse gas emissions from agrifood systems, evolution between 2000-2020.
(FAO, 2022). 
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Using purple bacteria + other systems in the 
intro + efficiency in terms of grams/l/d

Advantages and inconvenients
(main advantage in link with climate is 
ciosustainability)

Find LiOH removal rate for 
astronauts in space + efficiency 
in terms of grams/l/d

CO2 CAPTURE AND
STORAGE (CCS)

CO2 CAPTURE AND 
UTILISATION (CCU)

CO2 emissions - Main remediation strategies

Fig 6-10. CO2 remediation stategies (iStock; NASA; Sun, 2016; Hulsen, 2016) 

No transformation
= Not sustainable

Could PNSB answer the protein 
demand while removing CO2 ?

CO2 reduction
= Sustainable
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Chemoheterotrophy

Chemoautotrophy

C source: CO2

e- source: inorganic compounds

C source: organic compounds

e- source: organic compounds

C source: CO2

e- source: inorganic compounds

O2

O2 O2

O2
METABOLISM

Photoheterotrophy

Photoautotrophy

Purple non-sulphur bacteria - For CO2 removal

Fig 5. Redox homeostasis regulation by CO2 fixation (CBB cycle) when
the carbon source (e.g. butyrate) is more reduced than the PNSB biomass

(own production, Biorender, 2024).

C source: organic compounds

e- source: organic compounds



Chemoheterotrophy

C source: organic compounds

e- source: organic compounds

C source: organic compounds

e- source: organic compounds

Chemoautotrophy

C source: CO2

e- source: inorganic compounds
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Photoautotrophy

METABOLISM
e- sink: CO2 (via CBB)

O2

O2 O2

O2

with highly reduced Volatile Fatty Acids (VFA)

Fig 11. Redox homeostasis regulation by CO2 fixation (Wang et al., 2011; Biorender, 2024).

Purple non-sulphur bacteria - For CO2 removal

C source: CO2

e- source: inorganic compounds

Photoheterotrophy 3CO2
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Photoautotrophy

O2

O2with H2  gas (hydrogenotrophy)

Fig 12. PNSB membrane-bound uptake hydrogenase (Zhu, 2010; Biorender, 2024).

PNSB

Purple non-sulphur bacteria - For CO2 removal

C source: organic compounds

e- source: organic compounds
e- sink: CO2 (via CBB)

with highly reduced Volatile Fatty Acids (VFA)
Photoheterotrophy

3CO2

C source: CO2

e- source: inorganic compounds
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Fig 13. Average macromolecular composition of PNSB biomass.
(Multiple sources, see thesis; GraphPad Prism 8.0.1., 2024).

PNSBVitamins

Purple non-sulphur bacteria - For protein demand



PNSB

Fig 14. Average vitamin composition of PNSB biomass.
(Sasaki et al., 1998; GraphPad Prism 8.0.1., 2024).

Vitamins

Purple non-sulphur bacteria - For protein demand
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1. Design, manufacture and test low-cost bioreactors.
2. Assess reliability in controlled (UMONS) and scarce (AATC/MDRS) conditions.
3. Compare heterotrophy/hydrogenotrophy for CCU.
4. Characterise PNSB biomass for food applications. 

- Purple bacteria + CO2 + byproduct → FoodObjectives

+CO2
PNSB

biomass

+VFAs

+H2

Heterotrophy

Hydrogenotrophy
Low-cost

bioreactors PNSB
food



Scarce conditions test n°1:
- Poland (AATC)
- Rs. rubrum S1H
- Heterotrophy (124 mM C 

butyrate, 50 mM NaHCO3)

Prototyping phase:
- Inlet 3D printing
- Bag manufacturing
- Sterility, axenicity 
and inoculation testing

Low-cost system - Development timeline

11 Fig 15. Materials & Methods, part 2 (own production).



Controlled test n°1-2:
- UMONS
- Rs. rubrum S1H
- Heterotrophy (124 mM C 

butyrate, 50 mM NaHCO3)
- Hydrogenotrophy (10 mM 

C acetate, 169 mM NaHCO3)

Low-cost system - Development timeline
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Scarce conditions test n°2:
- Utah (MDRS)
- Rps. palustris TIE-1
- Hydrogenotrophy 

(10 mM C acetate, H2,  
83.3 mM NaHCO3)

Fig 16. Materials & Methods, part 3 (own production).

Scarce conditions test n°1:
- Poland (AATC)
- Rs. rubrum S1H
- Heterotrophy (124 mM C 

butyrate, 50 mM NaHCO3)

Prototyping phase:
- Inlet 3D printing
- Bag manufacturing
- Sterility, axenicity 
and inoculation testing



Results - CO2 capture capacity & CO2 capture rate

Fig 17. CCC and CCU across tests, ANOVA at p-value = 0.5 (own data, GraphPad 8.0.1.).13
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Rs. rubrum in photoautotrophy + H2

CCR: ±0.0443 g CO2/L.d
Productivity: 0.11 g/L.d

Limnospira indica in photoautotrophy

CCR: 0.32-1.13 g CO2/L.d (MELiSSA, 2024) 
Productivity: >1.5 g/L.d

CCS system: CDRA on ISS

CCR: ±23 g CO2/L.day (El Sherif & Knox, 2005)

Volume: 205 "L"
Electrical consumption: 1 kWh

→ CO2 is not recycled

Applications - For CO2 removal

Fig 18. Carbon Dioxide Removal Assembly (CDRA) 
on the ISS (NASA, Wikimedia Commons)
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Results - Macromolecular analyses

Literature:

50%

6.5%

0.5%

14%
10%

Fig 19. Macromolecular analyses across tests, ANOVA at p-value = 0.5 (own data, GraphPad 8.0.1.).



16 Fig 20. Dietary match of PNSB EAAI compared to beef (own data/Gorissen, 2018, GraphPad 8.0.1.).

→ EAAI PNSB = 1.44-1.51 ~ EAAI beef = 1.59 (Gorissen, 2018)

Applications - For protein demand

50%



17 Fig 21. Photohydrogenotrophic PNSB system as a yield buffer for space exploration ECLSS (own production).

Applications - ECLSS in Space
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Table 1. Relative maximal instantaneous productivity of the four main macromolecules between photohydrogenotrophy 
(UMONS-H2-II) and photoheterotrophy (UMONS-VFA). (own data).

Applications - ECLSS in Space
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Conclusion - Achievements and prospects

M A S T E R   O F   B I O C H E M I S T R Y,
M O L E C U L A R   A N D   C E L L U L A R   B I O L O G Y

D E P A R T M E N T 	 O F 	 P R O T E O M I C S 	
A N D 	 M I C R O B I O L O G Y
D r .  B a p t i s t e  L E R O Y   &   P r o f .  R u d d y  W A T T I E Z



20

Thank you!
guillaume.gego@outlook.com
+32 476 83 12 92
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Low-cost system - Cultivation & analyses

Fig 15. Materials & Methods, part 1 (own production, Biorender, 2024).
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Annex A - Chemical systems for CO2 reduction



 .B

Annex B - TIC assay principle
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Annex C - Anoxygenic photosynthesis
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Annex D - Other electron sinks



 .E

Annex E - VFA assimilation in Rs. rubrum



 .F

Annex F - Hydrogen production via electrolysis
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Annex G - Productivities
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Annex H - EAAI & Dietary match
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Annex I - Large scale bag bioreactors
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Annex J - Axenicity
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Annex K - Results AATC-VFA
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Annex L - Results UMONS-VFA
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Annex M - Results MDRS-H2
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Annex N - Results UMONS-H2
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Annex O - CCU/macromolecule ratio results


