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Doing all we do now ... without fossil C?

Routes towards low fossil C
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Doing all we do now ... without fossil C?

Message 1. Don’t waste biomass C on services that
can be supplied without carbon

Message 2: Help us creating solutions using C as
efficiently as possible (more for the service, less as
unrecoverable C)

Message 3: Help us with solutions to recycle C as
much as possible

It's not about C. It's
about fossil C.

Stop this
decarbonization non-
sense.

We need C! It’s the
basis of all life on
Earth!




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”.

(biophysical)
CO, removals

GHG mitigation

Keep fossil Cin
the ground
(substitution)
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Paris agreement: a delicate ba
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The constrained resources challenge:
land and « waste »




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

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

tbi

(*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 Toukoues Biotechnokogy inatts



COMMENT - 27 MARCH 2019

Land Use Changes: case of crops e

An analysis of global soya-bean production forecasts massive

deforestation in Brazil — stakeholders must act fast to prevent it, warn

Richard Fuchs and colleagues.

Peter Alexander, Calum Brown, Frances Cossar, Roslyn C. Henry& Mark Rounsevell

DLUC =

LUC

Fiokd

Get the most important science stories of the day. free in your inbox. X

Food/feed crop Bioeconomy crop e
doi: 10.1038/d41586-019-00896-2

LUC

Nature Cropland Intensification

tbi

Source: Hamelin (2013). https://www.ceesa.plan.aau.dk/publications/phd-dissertations/ -9- e ety



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

Message 4: Does your solution demands extra land? The moment
this is the case, it implies a share of deforestation (and
Intensification), and emission that goes with it

Message 5: On the other hand, if you have a solution that can
prevent the additional demand for land (e.g. new food production),
then this can lead to important GHG savings

0 Toulouse Biotechnology Institute



Beyond land-dependant feedstock: residual feedstock

Nutrients, vitamin, water

inputs
4 ) . Desired product
Sugar beet > Biotech process
molasses , Co-product

G J

louse Biotechnology Institute
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The case of residual biomass as input feedstock

Nutrients, vitamin, water

inputs
4 ) . Desired product
Sugar beet > Biotech process
molasses , Co-product

G J
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Residual biomass

Message 6: Always consider what was done with the resource

BEFORE you mobilize it.

use Biotechnology Institute
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Fluctuating power challenge




The opportunities of more fluctuating power

2017 2035
6092 MW fluctuating power 13,409 MW fluctuating power
(a) installed capacity (b) installed capacity
14000 7% of hours in 14000 = 45% of hours in
12000 - surplus 12000 - surplus
10000 A 10000 A
< 8000 - = 8000
= 6000 - = 6000
4000 - 4000 | ‘
2000 2000 il Rl |
0 ' 0 ' |
Time (h) of year 2017 Time (h) of year 2035

[1 Classic electricity consumption Fluctuating power production

louse Biatechnology Institute

Source: Hamelin et al. 2021. https://doi.org/10.1016/j.rser.2020.110506 -17 -



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

Fluctuating power

Message 7: Don'’t kill an idea because it needs a certain quantity of
power. This may not be an issue in the future. We cannot exclude
electrifying heat.

Message 8: Renewable gas is not just a source of power, but of
hydrocarbon

use Biotechnology Institute
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Where we get our N and our P

Climate change
Biosphere

N: Haber Bosch process and interaction with

natural gas

P: Limited reserves

USA
South Africa Vietnam  Finland Algeria .
' ) 2% Togo - 3% 2% 3% China )
Saudi Arabia __ senegal Syria unsia [ other il 5% India
= 3% /countries 1% Egypt Iraq
Russia 1% 2% 1% Jordan

2% Brazil 2%

Israel
Peru

1% s Kazakhstan

Morocco
70%

Rosemarin (2016). https://dakofa.com/fileadmin/user

Stratospheric
ozone depletion

Atmospheric aerosol
loading

s g Genetic
Ny diversity Novel entities
Functional
diversity
Land-system
change ‘ \
?
Freshwater
use
Phosphorus
Nitrogen Ocean acidification

Biogeochemical flows

Fig. 3. The current status of the control variables for seven of th

Nitrogen fertilizer production, 2014 green zone is the safe operating space (below the boundary), yellow

Global nitrogenous fertilizer production, measured in tonnes of nitrogen produced per year.

: s

Modata ©

Source: UN Food and Agricultural Organization (FAO)

worna

10,000 50000 100000 500000 imillion Smillion 10million 50million

OurworldinData.org/fertilizer-and-pesticides/ « CC BY

https://ourworldindata.org/grapher/nitrogen-fertilizer-production?tab=map

upload/1600 Arno Rosemarin Stockholm Environment Institute.pdf
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m Beyond zone of uncertainty (high risk)
O In zone of uncertainty (increasing risk)
@ Below boundary (safe)

3 Boundary not yet quantified

e nine planetary boundaries. The
represents the zone of uncertainty

(increasing risk), and red is the high-risk zone. The planetary boundary itself lies at the inner heavy circle.

Steffen et al. (2015). DOI:
10.1126/science.1259855

tbi
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Where we get our N and our P
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Message 9: Recovering nutrients makes a lot of sense! Also to decouple N from
natural gas (and ensure security of supply). For N, can you do it at a lower

(environmental) cost than Haber-Bosch?

RoS
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Cambioscop and some key results

. . > | AVAAAS
ScienceWebinars > )
> arch . Sign Up»

Aim: Building a sustainable roadmap towards a low fossil C economy e
in France o
‘:‘ “‘5 . Modular process-based database Lin)

Year 2-3-4

.

Carbon redistribution (regional + v/s threshold)

Emmanuel Macron CENME/N. MERGUI/FLICKR

French president’s climate talent search nabs 18
foreign scientists

By Elisabeth Pain | Dec. 11,2017, 2:00 PM

Carbon circularity, time & narratives /
Methodological development (prospective)

[] ro2 []ros

Most promising pathways Geo- & time-explicit '
bioeconomy LC| Database

Bio-pumps Spatially-explicit residual g‘ .

Biomass conversion pathways (LCI)

of current uses

Land use ]
changes

biomass baseline

[]Ro4 [[ro1 e [ roe
|y Final LCA on Logistics, markets, economy of scale
S~ selected
9\‘ bioeconomy
g models D Research Objectives (RO)
http://cambioscop.cnrs.fr .93

Carbon management towards low fossil carbon use


http://cambioscop.cnrs.fr/

U Baseline: Not exporting for bioeconomy

RESULTS BASELINE VS BIOECONOMY Year 2120 U Bioeconomy scenario: Exporting 100% of available harvestable crop residues

Biochar BSOC (%)atyear2120  (Saschar Hydrochar
for bioeconomy vs BAU
ASOC (%) at year 2120 ASOC (%) at year 2120
[ 10.0%-0.0% for bioeconomy vs BAU for bioeconomy vs BAU
ggéoz;- 62.30;/000/ [ 10.0%-0.0% & I -15.0% - -10.0%
3 o8- 207 o;a oo e W -10.0% - 5.0%
[ | 207'092 z7el0'y o0k eoon ) 5.0% --1.8%
U - U of _ Lo
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of areas 38% of are
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: B -14.2% --10.0%
I -10.0% - -5.0% Increases and losses refer to SOC stock - ; B -10.0% - -5.0%

B -3.5% - -2.5% after 100y, compared to no harvest ; I -5.0% - -2.5%
[71-2.5% - 0.0% > | '
[ -2.5% - 0.0%

__10.0% - 0.0% e . ) .
—10.0% - 0.8% If maintaining soil organic carbon stocks is our - 10.0% - 0.0%
-0'8 : 01% ’ only concern, we have much more biomass _ ? 10.0% - 2.5%

o potential than we think! No need to lose 170 - e B 2.5% - 5.0%

225 PJ/y to atmosphere!
Increase
(max 0.8%)

in 50% of Andrade et al. 2023: g,
areas https://doi.org/10.1016/j.apenergy.2022.120192



https://doi.org/10.1016/j.apenergy.2022.120192

Message 10: Leaving a biomass on land is no magic for soil C
enhancement, most C is lost as CO2 to atmosphere

(but organic matter input does brings a lot of magic, beyond
carbon. This trade-off, in the long-term, is still not fully understood,
In quantitative terms at least. Idem for long-term effect of biochars)

No silver bullet. Digestate return would not bring negative
emissions, but safer as structure not changed. Losses could be
avoided by combining with other strategies of carbon return (cover
crops)

-25 -



Waste-to-nutrition: a good idea (environmentally)?

Final LCA model

11 selected streams

Hardwood residues
Sawmill waste

Wheat straw

Bovine manure
Sewage sludge
Countryside management
grass

Sugarbeet tops
Household food waste
Transformed animal
proteins

Distiller' spent grains
Potato screenings

dry matter

ashes

27 biomass management pathways

Cellulose

Hemicellulose

Lignin

——>

Proteins

Lipids

Starch

Waste-to-nutrition

Green biorefinery (3 variants)

Insects farming (2 variants)

Solid fermentation (2 variants)
Mycoproteins production (2 variants)
Microbial proteins production (6 variants)

Sugars

Others

C,H,O,N,PK,S

293 process
parameters &
variation ranges

Counterfactuals

Direct livestock feeding

Decay on land

Spreading on land

Composting

Open-air burning

Domestic heating

Industrial heating

Combined heat & power (incineration)

French
deployment
context

Alternatives

e Anaerobic digestion (2 variants)
e Gasification (2 variants)

Statistical
analysis

p.26



Waste-to-nutrition: a good idea (environmentally)?

Finding : The ONLY way that feed-grade residual streams provide more
environmental benefits than direct feeding to livestock, is to produce ingredients
substituting meat production, here insects and mycoproteins. Yet, it must under best

conditions (decarbonized power, highest conversion yields, highest substitution rate)

Message 11: How good/bad the alternative (here marginal protein) is likely to
become (governance, yield gap)? Here, if protein is < 4 kgCO2-eq.kgDM? (today
4.5), then no much value to do waste-to-nutrition (rather HT heat, in short-term). If
>5, then microbial protein makes sense.

Message 13: Adaptation or mitigation? Here, adaptation, as waste-
to-nutritions is only interesting under prevailing failing global
governance




Climate impact (Gtonne CO, eq. per FU)

Key result 3: how to fly?
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Next steps

i) Final optimization for France 2050

§ Given the quantity of residual biomass we have, and what we already do
with it;

eubpKEE

§ Given fixed ENERGY, FOOD, FEED, MATERIALS, CHEMICALS, FERTILIZERS
demands; |

§ Given that marginal suppliers will compensate the production where

the system's environmental impacts

residual biomass / C capture is not enough

=> Proposition of allocation strategies for the various biomasses to each
technologies, to optimize on climate AND 15 other environmental impacts

ii) Role, potential, strategies for cover crops (bare agricultural soils especially)

iii) Make this a societal project : Aligning / developing Key Performance
Indicators (KPI) considering stakeholders viewpoint




Take home messages

Towards Solutions: we are allowed to think beyond current constraints (e.g.
legislative)

But: it must make sense! We can do many things, but does it make (environmental)
sense to prioritize this biomass ressource, time, efforts and money on this solution?

Some success elements:
=> Minimize demand for additional land

=> Beware what you replace! It must be very « bad », so the impacts associated to all processes you putin are
compensated

=> Processes using less energy
=> No free lunch

=> Avoid Haber-Bosch

Transport is often meaningless!

se Biotechnology Institute
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Carbon management towards low fossil carbon use

https://cambioscop.cnrs.fr/

& Lamelin@insa-toulouse.fr @hamelinlab https://www.youtube.com/channel/
@Cambioscop UCVWMZ2_ 5hSWN1zujJ4AvEZNA

Video on the project on the MOPGA channel:
https://www.youtube.com/watch?v=017VkgHM9lw&list=UUegK BEcsggJtlYO
eFsenNg&index=12&ab channel=MakeOurPlanetGreatAgain

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

S| of our papers and/or as preprints and/or on data repository
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Residual biomass : acknowledged prioritization in circular economy

Table 3

Categorization of FSWL in connection with edibility and possibility of avoidance,
Edible Inedible Other
Avoidable Unavoidable Partly avoid able

DA Teigiserova et al. / Science of the Total Environment 706 (2020) 136033
1. All edible 1L Naturally inedible  ex. bones, pits, IV. Became ined ible due to natural causes ( crops damaged due weather) V1. Not accounted
food leaves) for
1L Processing waste residues V. Became inedible due to inefficient management
PRIORITY | (ex. apple pomace, tea leaves) a. poor functioning of the FSC (lack of proper refrigeration, inadequate infrastructure,

efc.)
b. avoidable negligence

Inedible by nature (ex. pits, husks, leaves) Category II Surplusfood  Food waste Food loss
PRIORITY 2
Inedible industrial streams (ex. pomace) Category III

Most preferable

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

g
g
a PRIORITY 3 Surplus
S Became inedible due to uncontrollable causes food ___
g (ex. destroyed by pests), due to bad Category IV-V
i Inedible parts of food. food after .
g management (ex. moldy fruits) s i kbt Reuse - A Animal feed
= Food that lost its nutritional value, Material mceial moyvery Bg: kosping C ysles b
.g.

waste

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 categor
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L. X i i 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.
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