Microbiologie et transition énergétique, 'exemple de la [ -
Q‘ production de bioH2 a partir de déchets ménagers |

Institut

Microbiologie,
Bioénergies et
Biotechnologie

Aix Marseille Université
MarieT Giudici-Orticoni

Laboratoire de Bioénergétique et ingénierie des Protéines
Institut de Microbiologie de la Méditerranée
Institut de Microbiologie, bioénergies et biotechnologies

, Séminaire 2023 de ’'OHM BMP

Bassin minier de Provence

+ V% et Transition énergétique en région Sud-PACA
J ] . \ 4

Meyreuil, 9 et 10 Novembre 2023



Our present and our future...

2030 2070

QOil Production

80

[=2]
o
1

Million Barrels / day
N H
o o
1

L 1950 1990 2030 2070 2110




Our future... %

Climate global warming
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Examples of Scenarii for the energy transition (source
report for energy transition)
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H2: a green energy

Most common element in the world
but not in a 'free' form
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Non-toxic, inv'iéible and odourless gas
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Lowest density

(11 of petrol = 4.6 | H2 compressed to
700 bars) E‘

But the mo!t energetic
(3 times more than petrol)

Its combustion releases only heatand = [jBSE=8 0 7

water e B ;m =
1874: « one day H2 and O2 will be

a source of light and heat »




H2: an energetic vector
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H2: an energetic vector

Primary energy source for H2 production worldwide

. Reforming, H2 from fossil
fuels at (++++) => H2 + CO2

¥ natural gas " hydrocarbons "' coal Electrolysis

Source : EY d'aprés AIE 2019, Hydrogen Council

Currently the most economical way to produce H2 (from 1.5 to 2.5 €/kg H2)
However, this process generates 10kg of CO2 per kg of H2 and 1 to 2% of total Freng
emissions is due to this H2 production




H2: an energetic vector

Global H2 consumption by sector (Mt H2)
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H2: an energetic vector

_ Context and budget Ambition for mobility

China Recent but massive involvement 2020: 6200 FCEV
2025: 50 000 FCEV

2030: 1 million FCEV

us California, a pioneer region 2020: 9000 FCEV
2030: 1M FCEV
Japan 2019 budget: 510M€ 2020: 3800 FCEV
Industry mobilised 2025 :200000 FCEV
2030: 800000 FCEV
South Korea 2020 Budget: 386 M<€; Several H2 cities 2020: 9000

2030: 850000

Germany Historical H2 country in Europe 2020: 630+ 2 Trains
Budget 2016-2026: 1400 M€ + H2 Plan 9Md€ 2025: 90 Trains

France National plan 7.2 Md€ 2020: 400 FCEV
2028 : > 20000 FCEV

In 2020, following the Covid crisis, many countries have put in place national recovery
plans which almost all include an H2 plan. This is the case in Europe with a focus on
green H2
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Biomass for energy

Produce energy from biomass, consists of recovering the energy released during the degradation
of biomass into CO2 and H20, and making it available in a form that can be used by humans.
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Biofuels: Energy from biomass @

why biofuels?

v’ Historical drivers
» Promote employment in rural areas
» Develop energy independence
» Contribute to the reduction of greenhouse gas emissions in
transportation

v Main current drivers
» Contribute to the reduction of CO, emissions in transport
» Geopolitics




Biofuels: Energy from biomass @

 1st generation: Qil, ethanol from the transformation of biomass (wheat,
beet, etc.). Represents from 7% to 12% of fuels.

* In competition with water, food: Environmental and societal problem.

* Advanced biofuels: 2G and 3G: no competition with water and food,
derived from biomass and therefore from CO, fixation.

e 2G: Ethanol, biomethane: production by anaerobic fermentation (without
oxygen) from dedicated crops, waste... (2020-2050)

e 3G Hydrogen and biodiesel: production from biomass. (2050....)




Biofuels: the world of possibilities
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Maturity of the main biofuel production technologies

pbvnced ot
Basic and apphed RED Demonstration Early commercial Commercial
Bioethanol Cellulosic ethanol “m’:“x
I I I
Dwesettype| Biodiesel from microalgae; Bil'diesel Hydrotreated Biodwese!
biotuots | Sugarbased hydrocarbons  (from gasification + FT) vegetable oil (by tmnsesterification)
I I
Other fueks Nove! fuels Biobutanot DME’;
and additives {eq fusnic) Pyolysstand fuis  Mathasol
I |
_ Biogas
Sometiane BoSG" {anaerobic digestion)
I I
All other  Gashcation Biogas
Hydroger novel routes with reforming refoming
| |

fuel eq/I Decrease CO2
0,66 59%

0,91 47%

0,5 50%

1kg= 1,6 fuel= | f(resource)
1,3 gazoil

1kg= 4l fuel F(resource)

LQ'JI.'.'; biofus

Caseous biofuel

L Biomasstolquuds; 2 FschesTropsch; 3 Dimethylether; 4. Biosynthetx gas

Most of the advanced technologies are at the R&D or demonstration stage




H2: the energy carrier of life
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A multi-scale and interdisciplinary approach for
BIO-H2

Uses and transformation



H2: the energy carrier of life

Syntrophic Biomass degradation

Organic macromolecules
(proteins,polysaccharides and lipids )

lHydronsis

+« Monomers (amino acids ,sugars and
long-chain fatty acids)

lFermentation

Fermentation
and propionate)

| |

Acetogenesis
H2 and CO, = Acetate

\Methanogenesw /

CH, and CO,

[ Reduced compounds (lactate, butyrate
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BioH2 from mature technologies to innovation @

_ BioCH4 production:
bioCH4  Mature technology
* Biological process not controled
l * In France in 2020, 214

Organic substrate

Digestat installations injected biomethane
into the natural gas networks.

\/\/\/ I Their capacity amounts to 3.9

TWh/year, an increase of 73%
Fermentation compared to the end of 2019
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H2: a green energy

Syntrophic Biomass degradation and H, metabolism

Organic macromolecules
(proteins,polysaccharides and lipids )

lHydronsis
» Requires reverse electron
Monomers (amino acids ,sugars and - - -
“ long-chain fatty acids) ™ transfer, physical proximity
and metabolic

lFermentation

synchronization of the
[ Reduced compounds (lactate, butyrate ] Fermentation partners via biofilm
and propionate) .
formation.

l l

[ W, 16 G ] Acetogenesis ‘ [

Acetate ]




Advanced biofuels based new biological concepts

H2 CH4
Organic substrate

l Digestat

K/\/\/ T I

Fermentation Fermentation

(1) (2)

C Better energetic biomass valorisation



bioH2 based new biological concepts Q‘

BIOH2 production from organic wastes

Déchiqueteur FFOM broyée 4 mm

FFOM

Wastes

Cultivation, determination of hydrogen, methane, microbial and enzymatic potential
no need to inoculate the waste with a specific exogenous inoculum
Yield of 1.5to 7 | H2/kg FFOM (~ 20 kWh/kg FFOM)




bioH2 based new biological concepts I ia

Abiotic conditions
(pH, ° C, TSH)
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Biotic conditions
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interactions




BioH2 based on metabolic engineering
and synthetic biology
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Advanced biofuels based on metabolic engineering @
and synthetic biology

Program funded by U.S. Department of Energy’s

Developing emerging model Understanding novel microbial
microorganisms and/or functional capabilities and
microbial communities with  pigsynthetic pathways relevant
unique or enhanced {5 the production of H2 and
capabilities to produce H2 advanced biofuels and

and advanced biofuels bioproducts.
and/or bioproducts.




Advanced biofuels based on metabolic engineering
and synthetic biology
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bioH2 based new biolo

Microbial consortium = simplified

gical concepts

ecosystem

Fermentative bacterium

Large range of
carbon source

H, and CO, analysis by GC
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C. acetobutylicum (wt)

Gram +

\ 4

Metabolites analysis by HPLC

X N Sulfate reducing
“B¥ & bacterium

Glass slide for

v

. - Lactate
Optical Microscopy

H, prod/cons.

Glucose or lactate

& nutrients D. vulgaris (wt)
Inoculii _ Gram -
C. acetobutylicum

or/and D. vulgaris Both involved in complex biomass degradation
Hildenborough

@
e
=
=
S
=
S
2
2
2
a
&
o

N




BioH2 production by synthetic consortium

Hydrogen production: batch results

Pure culture

D. vulgaris

2ol No pH buffer

sk C acetobutylicum [glucose] =14 mmOI/L

in pure culture
10 -

Glucose medium

Concentration
(mmol/L gas in headspace)

Lactate/sulfate
medium
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Time (h)

Co culture: consortium

0 :
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Increase of hydrogen
evolution

Benomar, Ranava et al, Nature Commun. 2015
Ranava mBIO 2021




BioH2 production by synthetic consortium:
role of physical interactions

Calceine mCherry Overlay

Calceine mCherry Overlay

» Bidirectional exchange of cytoplasmic material between C. acetobutylicum and D. vulgaris
associated with higher H2 production (better yield)

Benomar*, Ranava* et a/. Nat. Commun.; Ranava et al mBIO




BioH2 production by synthetic consortium:
role of physical interactions

DHI10B & DvH

DH5a & DvH

DH5a (luxS) & DvH
-

Link between nutritional stress and bacterial communication
QS and nutitional stress are necessary

onl

Stress + QS = Increase in H2 production

les
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Metabolic and cellular coupling model
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Lactate/Pyruvate respiration (S0,%)?

Lactate/Pyruvate/Formiate
Fermentation ?
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a meta-organism involved in bioH2 production
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Scale up: Design ‘ Y
@=0.10m
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H, Yield
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Advanced biofuels based on new biological concepts

Bioréacteur a lit mobile en mode continu
Fermentation liquide de cellules immobilisées en condition immergée

Micro-GC
N, H, CO, CO

Refroidisseur Débitmetre
4°C
ouT @

H, dissous

Rotameétres

Régulation
T°C

Alimentation
<J Chauffage

|

0 10 20 30 40 50 &0
Time (hes)

-
Ecological engineering: meta organism concept




Production d’Hydrogene a partir de
déchets ménagers

Déchiquetets FFOM broyée 4 m

Alimentation séquentielle de déchets solides.
2 réacteurs en série de 22 litres et 358 litres.
FFOM

Mise en culture, détermination du potentiel hydrogene, méthane et
potentiel microbien et enzymatique

pas nécessaire d'ensemencer les déchets avec un inoculum exogene
spécifique

Rendementde 1.5a 7 | Hy/kg FFOM ( ~ 20 kWh/kg FFOM)




To take home: Biofuels need integrated researches

ﬁsign de la technologie

Ressources Ressources
Usage Transformation
Codts Développement

\

Vecteur énergétique
(Biodiesel, H2, Bio-CH4...)

Idée quel carburant pour quoi




