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Context: the role
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Doing all we do now ... without fossil C?
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https://www.wri.org/resources/data-visualizations/world-greenhouse-gas-emissions-2016

Emergency to stabilize global mean annual surface temperatures
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* Limiting warming to 1.5°C requires:
* Reducing GHGs by 45% (40-60%) by ~2030 (vs 2010 levels) ... "™
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Source: All elements of this slide are retrieved and/or adapted from IPCC SR1.5 report. https://www.ipcc.ch/sr15/



Paris agreement: a delicate balance

Recognizing that “climate change represents an urgent and potentially irreversible threat” to humanity, the
Paris Agreement calls for limiting global average temperature to well below 2°C above pre-industrial levels.
It also calls for a “balance between anthropogenic emissions by sources and removals by sinks of
greenhouse gases in the second half of this century”.

GHG mitigation ... (biophysical) CO,

removals

Keep fossil C in
the ground
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Seems we are really going there...

Global divestment database

What kinds of institutions are divesting?
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Government: 11.4 % .
Faith-based Organization: 35.1 %

Philanthropic Foundation: 12.5 %

Source: https://divestmentdatabase.org/
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The challenges of biotech — seen from an environmental scientist
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The land challenge
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Global outlook on Iand use

12.5 Gha of land area on Earth*:

4.5 Gha agricultural land
1.4 Gha arable land;
3.1 Gha pastures

Arable

4.9 Gha forest
~1.6 Gha primary forest;
~ 0.3 Gha plantations;
~ 2.9 Gha naturally regenerated;

3.1 Gha other land
1.7 Gha uncultivable (permanent snow, water);
0.08 Gha rest (urban)
1.4 Gha shrub

(*Excludes Antarctica; FAOSTAT, retrieved in 2020 (data for 2017; MODIS data); FAO 2010, Kampman et al. 2008; Kok et al. 2008), Inconsistencies due to rounding Towluss Blowcrolooy et



Land Use Changes: case of crops

doi: 10.1038/d41586-019-00896-2

\ Nature Cropland Intensification /
tbi

Source: Hamelin (2013). https://www.ceesa.plan.aau.dk/publications/phd-dissertations/



https://www.ceesa.plan.aau.dk/publications/phd-dissertations/

The case of coproducts as input feedstock

Nutrients, vitamin, water

inputs

—» Desired product
Sugar beet —— Biotech process
molasses — 5 Co-product
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The case of coproducts as input feedstock

Nutrients, vitamin, water
inputs

Sugar beet ——

molasses
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The case of coproducts as input feedstock

Nutrients, vitamin, water

inputs
—» Desired product
Sugar beet —— Biotech process
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Co-products : acknowledged prioritization in circular economy

Table 3
Categorization of FSWL in connection with edibility and possibility of avoidance.
Edible Inedible Other
" the Total Avoidable Unavoidable Partly avoidable
DA Teigiserova et al. / Science of the Total Environment 706 (2020} 136033
e ! f ( ) L. Alledible 1L Naturally inedible ( ex. bones, pits, IV. Became inedible due to natural causes (crops damaged due weather) VI. Not accounted
food leaves) for
1. Processing waste residues V. Became inedible due to ineffident management
PRIORITY 1 (ex. apple pomace, tea leaves) a. p?or functioning of the FSC (lack of proper refrigeration, inadequate infrastructure,
eftc.
. . b. avoidable negligence
Inedible by nature (ex. pits, husks, leaves) Category Il Surplusfood  Food waste Food loss

PRIORITY 2

Food
Environmental burdensome food items (ex. -
Category III-V waste

Inedible industrial streams (ex. pomace) Category IIT
g Most preferable
g
E PRIORITY 3 Surplus
E Became inedible due to uncontrollable causes food
g (ex. destroved by pests), due to bad Category IV-V

3 Inedible parts of food, food after :

g management (ex. moldy fruits) e s et Reuse - A Animal feed
g Food that los fs utritional value, Nl Material recovery e keeping the value bound
E PRIORITY 4 inedible such as peels, processing waste Recycling to the material (sauce, chips, acids, bioplastics...)

red meat and dairy) that became inedible

Fig 3. Ranking proposed to prioritize which inedible food waste stream to use in future food waste biorefineries. Linked to categori

Feedstock examples Treatment examples Least preferable

. X X X Fig. 1. Updated hierarchy for food surplus and waste proposed herein building on terminology from major European and national projects (UNEP, 2014; WRAP, 2013; FUSIONS: Ostergren
Source: Teigiserova et al. (2020); doi.org/10.1016/j.scitotenv.2019.136033 et al, 2014). *FFV fresh fruits and vegetables.



Fluctuating power challenge
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The opportunities of more fluctuating power

2017 2035
6092 MW fluctuating power 13,409 MW fluctuating power
(a) installed capacity (b) installed capacity
165000 = 7% of hours in 14000 = 45% of hours in
12000 - surplus 12000 1 surplus
10000 - 10000 -
K X oz
< 8000 - £ 8000
= 6000 - = 6000
4000 - | | 4000
2000 {ft (Il (O Y 2000
0 | “ 0

Time (h) of year 2017 Time (h) of year 2035

[ Classic electricity consumption Fluctuating power production

Source: Hamelin et al. 2021. https:/doi.org/10.1016/j.rser.2020.110506 -18- France: from 20-65% fluctuating power in 2050 (Ademe, 2017)  weemrene



https://doi.org/10.1016/j.rser.2020.110506

Cambioscop: what we do
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French president’s climate talent search nabs 18
foreign scientists

By Elisabeth Pain | Dec. 11.2017,2:00 PM



http://cambioscop.cnrs.fr/

B,

By

The interconnected vision of our economic systems

Electricity grid

Decarbonized electricity

Bio-based

materials, long-
cycle platform

panels
reinf, fibres

refrigerant

slurry

© .

Food & feed
platform

(biorefinery)

fibre

protein

carbs

lipids, omega-3.
others (slurry ...)

Meat

Food

Electricity

Jetfuel

J
Electricity or
photons . N\
o ¢ Waste-to-nutrition platform
’ « Bio-oil platform
] * Bio-based gas platform
108 HEeE55 o Aviation fuels platform
.= J
water electrolysis N
* Aggregation at national level, for an
overall low environmental impact
H,

¢ Residual biomass baseline
® Carbon sequestration platform

Heat

CH,

Gas upgrading

Heat

CH,
Jetfuel 7
production 4| Heat (remote)
d (FT, SMR) e m

t————+ Crudeoil

Bio-oil & gas —* Syngas
. platform Bicgas |
(AD / gasification / og
HTL / pyrolysis) J—*  Biochar
—» Dig
Maritime fuels &
Heat long-haul trucks
—+ others (slurry ..)
Molasses, etc. Value platform |, 40 cH,
(fermentation, PHA/PHB
supercritical CO, eolorants Heat
extraction, etc) enzymes Carbon
CH, ( liquid fuels
— Hydrocarbons bio-plastics —»
(short-cycle) Others (tbd)
Ethanol/Ethylene Alcohols / hydrocarbons ‘ Heat platform
production
CH,

District heating grid and/or heat storage

Gas grid & storage

Carbon sink

-21 -

J

tbi

Tailotzss BIOtENIogy INEITNG



Not only C
Not only climate change (but all 16 environmental impacts of

the Environmental Footprint life cycle impact assessment
method)
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Take home messages

Biotech has a role in making it possible to keep fossil C in the
ground

=> and environmental scientists to properly account for it! (July 4t")

Biotech has a role in improving its processes:
=> developping more efficient processes using C as efficiently as possible
=> processes using less water
=> processes using less energy

Beware what you put in:

=> No free lunch! Even residual biomasses generate land use change. Consider

what would have otherwise happened to the feedstock!
=> Avoid Haber-Bosch! Recovering/recycling nutrients to the extent possible

Transport is often meaningless! tbi
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Carbon management towards low fossil carbon use

https://cambioscop.cnrs.fr/

@hamelinlab u https://www.youtube.com/channel/
@Cambioscop UCVWM2_5hSWN1zujJA4vEZNA

Video on the project on the MOPGA channel: INSN

https://www.youtube.com/watch?v=017VkgHM9lw&list=UUegK BEcsqgqJtlYO
eFsenNg&index=12&ab channel=MakeOurPlanetGreatAgain @

hamelin@insa-toulouse.fr

Note: all of our data are publicly available when ready, on the Cambioscop website and/or as

Sl of our papers and/or as preprints and/or on data repository
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