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Context: the role
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Routes towards low fossil C

Doing all we do now … without fossil C?
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Emergency to stabilize global mean annual surface temperatures

• Limiting warming to 1.5°C requires:
• Reducing GHGs by 45% (40-60%) by ~2030 (vs 2010 levels) … 

and to ZERO by ~2050 (2045-2055)

• Limiting warming to below 2°C requires:
• Reducing GHGs 20% (10-30%) by ~2030 (vs. 2010 level)  … 

and to ZERO by ~2075 (2065-2080)

Source: All elements of this slide are retrieved and/or adapted from IPCC SR1.5 report. https://www.ipcc.ch/sr15/

1

2

3



Paris agreement: a delicate balance

GHG mitigation (biophysical) CO2

removals

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”.

Keep fossil C in 

the ground
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Seems we are really going there…

Source: https://divestmentdatabase.org/

Global divestment database
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The challenges of biotech – seen from an environmental scientist

Land Energy Water
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The land challenge
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Global outlook on land use

12.5 Gha of land area on Earth*:

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

•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



Land Use Changes: case of crops

DLUC

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

doi: 10.1038/d41586-019-00896-2

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


The case of coproducts as input feedstock
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Co-products : acknowledged prioritization in circular economy

Source: Teigiserova et al. (2020); doi.org/10.1016/j.scitotenv.2019.136033



Fluctuating power challenge
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The opportunities of more fluctuating power

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

7% of hours in 

surplus
45% of hours in 

surplus

2017

6092 MW fluctuating power 

installed capacity

2035

13,409 MW fluctuating power 

installed capacity
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Cambioscop: what we do
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Cambioscop

http://cambioscop.cnrs.fr - 20 -

http://cambioscop.cnrs.fr/


The interconnected vision of our economic systems

Done

• Residual biomass baseline

• Carbon sequestration platform

In Progress

• Waste-to-nutrition platform

• Bio-oil platform

• Bio-based gas platform

• Aviation fuels platform

Next

• Aggregation at national level, for an 
overall low environmental impact
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• Not only C

• Not only climate change (but all 16 environmental impacts of 
the Environmental Footprint life cycle impact assessment
method)

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

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

• 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!

Take home messages
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What do you think are the greatest
challenges ahead?

https://cambioscop.cnrs.fr/

@hamelinlab

@Cambioscop
hamelin@insa-toulouse.fr

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

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

https://www.youtube.com/channel/

UCvWM2__5hSWN1zujJ4vEZNA

Video on the project on the MOPGA channel: 

https://www.youtube.com/watch?v=0I7VkgHM9lw&list=UUegK_BEcsgqJt1YO

eFsenNg&index=12&ab_channel=MakeOurPlanetGreatAgain
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https://www.youtube.com/watch?v=0I7VkgHM9lw&list=UUegK_BEcsgqJt1YOeFsenNg&index=12&ab_channel=MakeOurPlanetGreatAgain

