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Funny title?

Science Magazine. Dec 2017.

2018 - 2023

● 42 French laureates (18 + 14 + 12; 2 declined)
● France: Many spin-offs
● 13 German laureates

Carbon management & Bioresources strategies for 
scoping the transition towards low fossil carbon 



Which planet?
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Which planet?

Bio/circular 

economy planet

Happy lungs planet

GHG-neutral planet 

(Paris/EU Green Deal)

Electrified planet

No access to 

gas grid
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Which planet?
Happy lungs 

planet

Source: https://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health

Source: https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2017/Dec/IRE

NA_Biogas_for_domestic_cooking_2017.pdf

https://ourworldindata.org/indoor-air-pollution
https://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Dec/IRENA_Biogas_for_domestic_cooking_2017.pdf
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So much to say …

● Storable and versatile source of C

● Mitigation technology for GHG in agriculture / manure
management

● Bio-/circular economy: ca. 40% of the initial C is returned back to 
soils (potentially more reluctant to degradation) and N completely
preserved (and in a form more available to plants)

● Links agricultural (feedstock supplier) & urban areas (key user)

● …
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Outline

● WHY 

● WHEN

● HOW



Why?
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Towards GHG neutrality?

● Global GHG are due to only 5 sectors of activity

2016

Source: own figures, made from data retrieved from https://www.wri.org/resources/data-visualizations/world-greenhouse-gas-emissions-2016

2016

https://www.wri.org/resources/data-visualizations/world-greenhouse-gas-emissions-2016
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Zooming on agriculture

https://www.wri.org/resources/data-visualizations/world-greenhouse-gas-emissions-2016

https://www.wri.org/resources/data-visualizations/world-greenhouse-gas-emissions-2016
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Global outlook on land use (today)

Arable 
land
11%

Pasture
25%

Forest
39%

Shrubs
11%

Rest
14%

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
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Land use changes

DLUC

LUC

Food/feed crop Energy crop

Nature Cropland Intensification

LUC

ILUC

doi: 10.1038/d41586-019-00896-2



When?
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Towards more decarbonized (/fluctuating) power

Source: Hamelin et al. Re-submitted to RSER April 2020 - Harnessing the full potential of biomethane towards tomorrow’s bioeconomy: a national case 

study coupling sustainable agricultural intensification, emerging biogas technologies and energy system analysis



How?
(A double-edged sword?)

(Case study: external C co-substrates to boost manure-based biogas )
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Case study example - Aim

Goal: investigating environmental consequences of different co-substrate strategies for drastic
increase in manure-biogas

1.002 ton 
manure ex-

housing

Energy 
crops

(maize
silage)

Straw
Household
biowaste

Com-
mercial

biowaste

Garden 
waste

None 
(Mono-

digestion)

Source-
segregated

solid 
manure

+

FU: 1 tonne manure ex-animal

=>: 7 baseline scenarios
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LCA System Boundary. Energy crop case (maize silage)
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LCA System Boundary. Energy crop case (maize silage)
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ILUC

LCA System Boundary. Energy crop case (maize silage)
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Lost Alternatives

1.002 ton 
manure ex-

housing

Energy 
crops

(maize
silage)

Straw
Household
biowaste

Com-
mercial

biowaste

Garden 
waste

None 
(Mono-

digestion)

Source-
segregated

solid 
manure

+

LUC Combustion Compost Ref. manure mgmt
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Case 2: towards more biogas with sustainable 
intensification and “better” biogas technologies

Source: Hamelin et al. submitted

Through SI measures, the supply of agricultural biomass 

suitable for anaerobic digestion can be increased more 

than 4-fold (DM-base). Most significant: harnessing more 

manure + high-yielding perennial grasses where cereals 

on nitrate-vulnerable lands

Low – High 

ranges, 

stream by 

stream

Doubling 

retention time; 

methanation
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● For all 6 scenarios, more than 80% 
of potential is ensured by three 
major resources: animal manure, 
straw and perennial grass (grown 
on converted cereal and rapeseed 
areas). 

● Moving from SOTA to a LRT biogas 
production (doubling the retention 
time) brings an increased methane 
production of 20% (energy-wise), 
while this increase is 87% if 
methanation is added to the LRT 
biogas production (Met+ scenario)

● Much higher amount of biogas can
be produced (15 PJ today), if large 
deployment is made a strategic
choice

Case 2: key results



Perspectives
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In a low fossil C future, Carbon is scarce

Comparison of food and energy

Harvested (and used) biomass “today” (year 2000) ≈ 230 EJ/year

World average food intake: 2798 kcal/pers/day (26 EJ/y) ≈ 150 EJ/year

Fossil energy consumption 2016  ≈ 550 EJ/year

Fossil energy consumption 2050  ≈ 600 - 1000 EJ/year

Biomass for full fossil substitution today ≈ 780 EJ/year

→ we need more than 3 times as much biomass as what is harvested “today” (useful harvest) for full fossil 

substitution “today”

Can agricultural yield increases reduce the gap?

Yield increase in agriculture ≈   1.2% per year  

Global demand increase for cereals/veg. oil/ sugar    ≈   1.4/4.4/1.8% per year

Conclusion: Demand is rising faster than yield, so expansion unavoidable!
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Is CH4 mitigation of lower « urgency »?

● Towards WB 2°C: 

CH4 is a short-lived GHG (12.4y); Lynch et al. 
(2020) demonstrate that delaying action on CH4

does not have as significant an impact on long-
term temperature as delaying action on CO2

(concept of «warming equivalent »; GWP*)

Source: Lynch et al. (2020), ERL, V15, No4 

https://iopscience.iop.org/article/10.1088/1748-9326/ab6d7e

https://iopscience.iop.org/article/10.1088/1748-9326/ab6d7e
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Decarbonization in 2050 ? 

● Misleading terminology; Carbon is after all the basis of life 
on Earth

● Not about C, but about fossil C

● Where can we then get C come from?

Not all services can be 

immediately electrified!



Cambioscop
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Six Research objectives
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Without considering biomass in isolation

H2



Thanks for your attention

https://cambioscop.cnrs.fr/

@hamelinlabhamelin@insa-toulouse.fr

Ugo Javourez

PhD student

Christhel Andrade, 

PhD student

mailto:hamelin@insa-toulouse.fr


Toulouse Biotechnology Institute • p.32Toulouse Biotechnology Institute • p.32

Additional material
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IPCC’s SRCCL (chapter 6)

● A missed opportunity for biogas/digestate and soil improvement: Biogas 
addressed within “improved livestock management” (manure mgmt. for 
local biogas production to replace traditional biomass use) only
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A local bioeconomy study on non-fossil CH4 to supply the CH4
demand in the Occitanie region: AD vs Gasification

Concetta 
Lodato

A LCI database with 41 biomass streams structured into 10 biomass categories

With/ without 

H2
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Where we grow food today and what do we grow?

Ramankutty et al. (2018). 

doi.org/10.1146/annurev-

arplant-042817-

040256


