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1. How mitigation options are represented in mitigation
pathways

Mitigation Options: an overview

Geophysical limits & Planet Boundaries
Trade-off/synergies

mitigation options/behaviour

Now let's have a look at the real world (focus on the USA)
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How mitigation options are represented in
mitigation pathways



Mitigation pathways

modelled by Integrated assessment models (IAMs)
Mitigation pathways holding global warming below 1.5 °C

Global total net CO2 emissions
(GtCy')

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions

8 are reduced to net zero globally around 2050.
6
“Conventional”
2 Four illustrative model pathways em issions
0 --------------------------------------------------------------------------------------------------------------
P1
P2
2 Negative
P3
emissions
-6 P4

IPCC SR15 (2018)



Let’s scrutinize the mitigation pathways complient
with 1.5° Cor2° C

a Fossil fuel energy

sl Fossil fuel and industry

emissions

Geological 1
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Let’s scrutinize the mitigation pathways complient

a Fossil fuel energy
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Let’s scrutinize the mitigation pathways complient
with 1.5° Cor2° C

a Fossil fuel energy

ol Fossil fuel and industry

emissions

Geological i

) B Afforestation/changed
d Bioenergy + CCS (BECCS) agricultural practices

BECCS parion © AFOLU
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Geological Geological
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Mitigation pathways
split-up by contributions/mitigation options
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Two examples of biomass conversion routes
for BECCS: bioelectricity and biofuels

CO, in air
Biomass feedstock Biomass CO, capture and Carbon-negative
conversion storage end-product  25% -
4 - 30% of
22;“9" and starch | Biofuel (15% if('fer:per)vta;i;’n) lt)o 55% [ Biodiesel & —! n blo‘;!h;ss
gasification) of the biomass : f
e.g. corn, sugarcane production carbon is released as high bioethanol : carbon is
e.g. gasification 45-501 purity cO, and can be \ =  released
2 back into
/Fisher-Tropsch, directly captured. Some of Decarbonisation of the  ¢he air
o Woody biomass  , fermentation the CO, is uncaptured. transport sector by
3 e.g. forestry residues, lisplacing fossil-based
M‘mu"umy__ lury ! f 12l
= > Thermal power 100% of the biomass -t |
§ WOMIO"' carbon is released into CO, . .
g Other cellulosic 6.g. pulverised 55 45 |™  during combustion. I Bioelectricity
g e.g. crop residues, > combustion, CO, needs to be separated
perennial grasses biogas from the boiler flue gas. . v s
combustion <3
Conversion /’ Decarbonisation of the
Atmospheric CO, energy power sector by
: . S clanr: To displacing fossil-based
is fixed |n.the - ot y . electricity generation
plant during (%)*  compression
biomass growth and injection
in geological
CO,in air formations

2

*This efficiency does not include the energy demand for growing, transporting and processing
the biomass pror to conversion. Not to confuse with BECCS' net energy efficiency (Box 3)

Fajardi et al. (2016)



Mitigation Options: an overview



Overview of the established approaches

a Techno :b Techno/nature ‘c Climate intervention

RFG

‘ v o 4
CH, 8C

.
O ., $iC f %

8 | Space mwrors
4 | SOl Cardon nchment 9 | Stratosphenc Herosol injecthon (SAl

5 | Ocean won sisaton (OIF)

°
10 | Carrus cloud thinning (CCT)
6 | Enhanced d

111 Marine sky brightening (MS8)
ocoan alkalinisaton 12 | Surface-based brghtening

7 | Direct air CO, capture and storage (DACCS)

Lawrence et al. (2018)



How to map them ?

Réeduction des émissions _

CO2-emitting
plant + CCS DACCS + EOR

1
I
H
1

CCU=DAC+

carbon usagein
food, chemicals, ...

CCS

CCus

: Enhancing
Biochar
Reforestation

Biodiversity

preservation,

rock

weathering

CDR




How do they work ?

a Fossil fuel energy

Fossil fuel
emissions

Geological l

€ Carbon capture and storage (CCS)
Fossil fuel

Geological l

€ Direct air capture (DAC)

Capture
infrastructure

Geological

g8 Afforestation/changed
agricultural practices

-

Geological

b Bioenergy

Biogenic
emissions

Geological

d Bioenergy + CCS (BECCS)

Biogenic
emissions

Geological

f Enhanced weathering

Reaction
with minerals

Geological

h Ocean fertilization/alkalinization

Geological

Smith et al. (2016)



The case of Solar Radiation Management

STRATOSPHERIC
AEROSOL

Increased scattering by
~16-25 KM

Stratospheric Aerosols

Thinning high clouds
to allow more heat
to escape

=

Increased
scattering by
brightened clouds

Mechanisms of the main SRM
approaches

Reduce solar heating of the surface:
Sulfate aerosols injection: more
reflective stratospheric aerosols
(analogy with volcanic eruptions)
Marine Cloud Brightening:
brighter/more reflective marine clouds

Reduce greenhouse effect / terrestrial
infrared radiation :

Cirrus Cloud Thinning: less cirrus
clouds / thinner cirrus clouds

14



How Solar Radiation Management can be
schemed in mitigation pathways ?

o]

(°C rel. to 1850-1900) o

Temperature anomaly

SRM radiative

CO, emissions

Stratospheric SO,
injection (MtS y')

(GtCO, y)

forcing (W m?)

1.7 5 (a)
1.6

eophysical characteristics of mitigation pathways overshooting 1.5°C by mid-century
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IPCC SR15 (2018)

Two cases for global
use:

1. In case of failure of
global mitigation

2. Peak-shaving: avoid
to overshoot
dangerous warming
threshold (Figure)



Mimic natural phenomenon

Couche de particules
volcanique apres I’éruption de
Pinatubo (1991) limitant
’entrée du rayonnement solaire
sur la Terre

Capture et seéquestration
naturelle du CO, par la
végétation (29% des émissions
humaines) et les océans (26%
des émissions humaines)



Accelerate them (through Tech.)

Puits de résorption de CO, atmosphérique
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Devising novel Tecnology...

Arbre « artificiel » pour capter du CO,

Pour en savoir plus :
http://www.lemonde.fr/planete/article/2009/12/25/un-arbre-artificiel-pour-pieger-le-co2_1284870_3244.html



Or even a mixture of both

Arbre « a algues » installé a Toulouse (start-up Kyanos)

1

N
. S

https://toulouse.latribune.fr/innovation/recherche-et-developpement/2020-09-17/un-arbre-a-
algues-installe-a-toulouse-pour-capturer-le-co2-857481.html



Geophysical limits & Planet Boundaries



Dilemas of Negative emissions technologies

Technical performance

Carbon removal
Energy production/use

The NETs
trilemma
Economic-
environmental impacts Resource efficiency
Land use change Water use
Soil erosion Land use
Biochemical flows Biomass use/CO,

Biodiversity efficiency



Geophysical footprint
of Negative emissions technologies

4.0
Direct Air Capture
Level of carbon dioxide 55|  Bioenergy+CCS +CCS
. ~ : Land
removal to hold warming gi‘ .‘ o ‘. | requirements
below 1.5 °C warmingin 5 30 L 300 @ (Mha per yr)
1000
2100 g 254
G 800
v 2.0 Afforestation
A= 600
v
3yl = £ 157
720 km? y-' = annual o Enhanced 400
. 2 \ Weatherin
freshwater withdrawals of = 10- . . d 200
Japan % 370 »
z <1
0.5 1 0
0 » : :
-200 -100 produced 0 100 required 200
\ Energy (EJ per year)
w Water needs (km3 y-1) Smith et al. (2016), IPCC
Investment cost relative to SRLCC (2019)

Bioenergy+CCS



A modelling framework to assess BECCS deployment

Stylized mitigation pathways

' Compatible with 2 °C © u“,
J Remaining Carbon budgets )\

from 1 Jan 2016 onwards cnm
Pathway
30%
Integrated assessment 300 GtC :,\1/ Earth system model (ESM)
model (IAM)
CNRM-ESM1 (emission-
Pathway de)
IMACLIM 0% > mode
230 GtC
i Outputs/Diagnostics Outputs/Diagnostics
Requirement in BECCS deployment Available water for land vegetation

(Timing and magnitude) _ and human settlements

Evaluation of
geophysical
constraints

Séférian, Rocher, Guivarch and Colin, 2018



A modelling framework to assess BECCS deployment
Water Availability = (precipitation — runoff) — BECCS water needs

CNRM-ESM1 results IMACLIM results

Pathway 0% (230 GtC)

- =BT ¥ | T e For the scenario with carbon
2 SR § budget compatible with 2°C (1000
o _ A . = .

a GtC), we find:
o o :
S — Large water scarcity is the mid-

'8 o

latitude
— Less prominent in the tropics
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S
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o
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Water Availability [10* mm y']
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1.2 -1 -0.840.6 04-02 0 02 04 0.10.8 1 1.2 Séférian, Rocher, Guivarch and Colin, 2018

scarcity sufficiency



A modelling framework to assess BECCS deployment
Water Availability = (precipitation — runoff) — BECCS water needs

CNRM-ESM1 results IMACLIM results

Delayed mitigation actions with a larger carbon budget
lead also to substential impacts of BECCS

Pathway 0% (230 GtC) /\
+7 years of CO, emissions at the current rate

1ac* oo o* 'E 1ec* 180* 0w o Wre 160*
Water Availability [10* mm y']
BT T 7T 7T T T T T T
1.2 -1 0.8 i0.6 04-02 0 02 0.4 0.6»0.8 1 1.2
scarcity sufficiency

Séférian, Rocher, Guivarch and Colin, 2018



Sustainable development goals (ODD)

NO ZERD GOOD HEALTH QUAI.ITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION
@ e o @
s ((¢
M i
"3 AFFORDAE - DECENT WORK AND INDUSTRY. INNOVATION 1 REDUCED SUSTAINABLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION

P AND PRODUCTION
i & b dn oo

CLIMATE LIFE LIFE PEACE, JUSTICE 7 PARINERSPS |
13 Keriow 14 sowares 19 oo 16 kwosiione 1 FoRieconss @
- INSTITUTIONS

3

... A SUSTAINABLE
‘ o v DEVE'LOPMENT
-1 M @ GOALS




Comprehensive footprints
of Negative emissions technologies

NE potential
(GtCyr")
w— B2 &
. BoH2 § Large-scale BE/BECCS
g deployment might cause
é b5
| g, I e to cross some planet
s %; e J Ta—— boundaries  (land-use,
use S 4 9 2, change : "
o elks e adt rah nitrogen addition, etc.)
e Detrimental impact on
SDGs
Biogeoche Biosphere integrity
flows (% BIl loss)

(TgN yr™")

Global safe zones
Global uncertainty zones

- Regional safe expansion

-~ Regional increasing risk expansion
Agr. baseline (SSP1xRCP2.6)

- - - Present

Heck et al. (2018)



Impacts of large-scale BECCS deployment

Achieve gender
Ensure indlusive and equality and Ensure avaifability
4 equitable qualityeducation  empower all and sustainable
and promote fifelong leaming ~ womenandgirls  management of water
e opportunities for all andsanitation forall 5
hamwl:;mq . m@ 4 5 6 ° a:::mm
promote well- 10
: allatall ages l!::l:;:'h;inable (s
5 energy
End forall
hunger, achieve 3 4 3 6 7 Promate
food security and 3 Regulation of sustained, inclusive
improved nutrtion Regulation of ocean Regulation of S sitabie
and promote dimate addification  freshwater quantity, Regulation economic growth, full
Sl 2 p “’?!,"'.'.';?S locationand o gechater and productive
agriculture * Y] £ timing o oastal employment and
Pollination and o water quality 8 decent work for all
dispersal of seeds and Formation, o
other propagules protection and 10
decontamination
End poverty in allits of soils and
forms everywhere 1 Rk srsiion 0 sediments Buitd resilient
and maintenance infrastructure,
Regulation promote inclusive
of hazards and sustainabl
Sustainable Nature’s ) extreme events 9 9 ::mﬁmm
development contributions , ' foster innovation
nctions Regulation
goals to people dn:nm
detrimental to
=10
Reduce inequality
0 1 o within and among
Energy countries
Physical and Food and feed 1 1 1 1mz
| E n settlements
susainaedevoopment, | ) comzen Materials and indusiv,safe,resilent
provide access to justice learningand ~ Medicinal, assistance 1 2 AR
forall and build effectve, 1 6 inspiration _ blochemical and
accountable and inclusive genetic resources
Institutions at all 1 1 5 1 3 1 2 Ensure
levels 4 14 sustainable
5 consumption and
o Protec, 1 5 ., podudion
restore and promote 1 3 pattems
sustainable use of temestrial 1 4 ;
ecosystems, sustainably manage forests, combat o Take urgent action to °
desentfcation, haltand reverse and ©  ombatdimate change
degradation andhaltbiodiversty Q) Conserveand sustainably @ isinpacs
Joss use the oceans, seas and
° marine resources for Q

Large-scale BE/BECCS
deployment might
either:

e Help to achieve
SDGs (green dots)

e Hamper the
achievement of

other SDGs (dark
grey dots)

e Many are  still
uncertain

Smith et al. 2019



Impacts of large-scale BECCS deployment

Global Carbon Capture & Storage (total)

40 Gt
CO;

. Large-scale BE/BECCS
deployment as
modelled in |AMs:

20 ngherZ‘C (n=51/58)

{5 o
® |s important (up to
1C
| 40 GtCO2 y-1
removed by 2100)
O .
2000 2020 2040 2060 2080 2100
e Same level between
IAM transparency ranking on BECCS assumptions 1 5° C and 2° C
Biomass availability scena riOS
100%
80% )
e Mostly driven by
Wider model assumptions Technical details of bioenergy the Cost-eﬂ:e ctive
influencing the uptake with carbon capture
BECCS technologies treatement Of these
T IMAGE mitigation options
——— MESSAGE-
GLOBIOM
—GCAM
REMIND-
MAgPIE _ Butnar et al. 2020
—_Al CO2 transport infrastructure

BECCS costs ;
- S and geological storage
TTAN_TICT




Example of uncertainty:
Direct and indirect effect of land conversion

Direct and indirect emissions associated with land use change from
cropland to bioenergy production

|

' Emissions from
indirect land use

Emissions from
direct land use

change change

L . ':". A 1
4!: .r§ :1_- Conversion of cropland\ {n .
2 4 ',%:. to bioenergy crop J

(Non-energy crop)

Indirect land use
change elsewhere
(e.g. forests)

»
>

Conversion of forest to
cropland elsewhere

(Non-energy crop)

Large-scale BE/BECCS

deployment as

modelled in IAMs:

e There are many
uncertainties
(environmental) no

well accounted

e Same goes for the
land  management
of the large-scale
BE crops (irrigation,
fertilization, etc.)

Fajardi et al. (2016)



Synergies and trade-off between
mitigation options & behaviour



Trade-off
for the land-based solutions

Plusieurs millions de km?2

Bioénergie et BECCS

Bioénergie ] O

avec Bonnes pratiques
capture et

stockage

géologique bomens et s

du COZ I T B BT 0

Boisement ou

Reboisement
IPCC SRLCC (2019)

Quatre options liées au secteur de |'énergie consomment des terres : leurs
impacts dépendent de |'échelle de déploiement et des pratiques



Trade-off/synergies
for the land-based solutions

Bioénergie et BECCS

Atténuation Adaptation Déesertification radation des terres Securite alimentaire !"‘n.l

_—— —— - r va T 7 7 T —-— — ]
(] { ',-‘ Vi /! Py / | V/ / s / P 4 / g . . . .
/ / / / / /7 | 7 / / / 7|
/ ., / / / p / / S
L

Haut niveau: Les Impacts sur |'adaptation, la désemﬂcanon la dégradatlon des terres et la sécurlxé ahmentalre som des lmpacts potentiels maximaux, en supposant que la BECCS
élimine le diowyde de carbone & une échelle de 11,3 GtCO, par an en 2050, et notant que |a bioénergie sans CSC peut également permettre de réduire les émissions jusqu'a
plusieurs GtCO, par an lorsqu'ill s'agit d'une énergie & faible intensité carbone. Source (2.7.1.1.5; 6.4.1.1.1.5}. Des études établissant un lien entre la bioénergie et |a sécurité
alimentaire estiment a 150 millions le nombre de personnes exposées au risque de famine a ce niveau de la population. (6.4.5.5.1,5), Les zones hachurées en rouge de la
désertification et la dégradation des terres indiquent que, bien gu'il faille jusqu'a 15 millions de km de terres supplémentaires en 2100 dans les scénarios 8 2°C qui augmenteront
Ia pression pour la désertification et la démdan’on des terres, ka superﬁoe réelle affectée par cette pression supplémentaire est difficile 3 quantifier (6.4.3.1.5;64.4.1.5),

Atténuatior laptaton tification Dégradation des ter Securite allm

Bonnes pratiques: Le signe et la grandeur des effets de |a bloénergie et des BECCS dépendent de |'échelle de déplolement, du type de matiére premiére de bioénergle, quelles
autres options sont incluses, et ol la bioénergie est cultivée (y compris l'utilisation antérieure des terres et les émissions indirectes liées aux changements d'affectation des terres),
Par exemnple, limiter |a bioénergie 3 des terres marginales ou a des terres cultivées abandonnées aurait des effets négligeables sur la biodiversité, la sécurité alimentaire et,
éventuellement, des avantages connexes pour |a dégradation des terres ; toutefois, les avantages pour |'atténuation pourraient également &tre moindres. (Tableau 6.58)

IPCC SRLCC (2019)

Plusieurs millions de km?2

Bonnes pratiques



Other options

Bioénergie et BECCS

BiOénel"gie — BN - - Plusieurs millions de km?
avec Bonnes pratiques
capture et
stockage —

. . I S S B S
géologique du
co,

Boisement

Boisement ou R ——_

Reboisement

Pyrolyse de la ™= —
biomasse

et biochar




Role of land-management by 2050
Case of agriculture

Carbon Dioxide Removal

Afforestation/Reforestation (A/R) a% .. e B seeR @ © ® ® 0.50-1012
e - S /» )/v
Forest management SNee® 044-2.10 il
Agroforestry ¢ 00 @ @ 011-568
Peatland restoration @8 0.15-0381
Coastal wetland restoration ® 020-084
Soil carbon sequestration in croplands el " H8e @ 8 @ ® 025-6.78
Soil carbon sequestration in grazing lands remese ® 013-2.56
Biochar application 29 @ oo 2 ® 0.03-6.60
0.40-11.30
BECCS deployment - e | 4® ~9o0 @ .o : ? y A @
i 1 T
0 2 E 6 8 10

LAND MANAGEMENT

Mitigation potential (GtCO2-eq yr')

Major changes results

Reduce emissions from Agriculture

Cropland nutrient management N-O #8® 003-0.71 from the emission Of non-

: CO2 greenhouses gases
Reduced N,O from manure on pasture :*’ 0.01

TECHNICAL POTENTIAL ( )

Manure management N,O and CH, ®® 001-0.26 ECONOMIC POTENTIAL C H4 ) NZO

- ® SUSTAINABLE POTENTIAL
Improved rice cultivation CH, ase 008-0.87 % MDA

o INTERMODEL RANGE 1.5°C

Reduced enteric fermentation CH. - ese 012-118 PITHRNODEL MANGR 1

Improved synthetic fertilizer production ®® 005-036

IPCC SRLCC (2019)



Role of land-management by 2050

Case of Forestry

Carbon Dioxide Removal

Afforestation/Reforestation (A/R) e o e B

Forest management sueew 044-2.10

Agroforestry ¢ 00 @
Peatland restoration @8 0.15-081
Coastal wetland restoration ® 020-084

Soil carbon sequestration in croplands ame = 589

Soil carbon sequestration in grazing lands Temeee ® 013-256
Biochar application 2796 @ o9

BECCS deployment - e .9

0 2 4
LAND MANAGEMENT

Reduce emissions from Forests and other Ecosystems

Reduce deforestation PEW e &6
- -

Reduce forest degradation @ - 1-218

Reduce conversion, draining, W 0.45-122

burning of peatlands

Reduce conversion of coastal wetlands . @ ® 0.11-225

(mangroves, seagrass and marshes)

Reduce conversion of savannas ® 0.03-012

and natural grasslands

@ 011-5.68
® 025-6.78
® 0.03-6.60

6 8

Mitigation potential (GtCO2-eq yr')

® 041-5.80

® 0.50-1012

S 7
/
P

0.40-11.30
® ‘/', /" L]
by fa—

13.50

10

Major changes may
results from reducing the
deforestation.

This action can competed
with some CDR
approaches

IPCC SRLCC (2019)



Comparison of mitigation potential by 2050

Case of the demand side

Carbon Dioxide Removal

Afforestation/Reforestation (A/R) - . ..7: e @ s o®e @ @ % ® 0.50-1012
s
Forest management aseew 044-210 " 1567
Agroforestry L 1] @ @ 0.11-5.68
Peatland restoration 8 0.15-081
Coastal wetland restoration @ 020-084
Soil carbon sequestration in croplands e W 986 @ 8 @ ® 025-6.78
Soil carbon sequestration in grazing lands lemeee ® 013-2.56
Biochar application 2796 @ o9 = ® 003-6.60
0.40-11.30
BECCS deployment - e ee .;- ee e o ?/,-"/_/ &
13.50
0 2 4 6 8 10

Mitigation potential (GtCOz-eq yr')

DEMAND MANAGEMENT

Waste and Losses i ] QD ® ® 076-45
Reduce food and agricultural waste
Diets G0 GEmee® ©® © e @ % 070-8
Shift to plant-based diets
Wood Products o ® 0.25-1
Increase substitution of cement/steel
Wood Fuel D&'® 010-081
Increase cleaner cookstoves
0 2 4 6 8 10

Mitigation potential (GtCOz--eq yr')

IPCC SRLCC (2019)

CO, removals

How land demand can

impact land emission

?

= Largest impact for
the waste and diets
change



Comparison of mitigation potential by 2050
Focus on the impact of changing diets (worldwide)

Greater mitigation potential

Demand-side mitigation EEEE—————

GHG mitigation potential of different diets
Vegan, |
No animal source food
Vegetarian
Meat/seafood once a month
fledrs
Limited meat and dairy
Healthy dict |
Limited sugar, meat and dairy :
Falr and Fruge) |
Limited animal source food but rich in calories :
e,
Diet consisting of seafood
Climate carnivore ]
Limited ruminant meat and dairy
Mediterranean ]
Moderate meat but rich in vegetables

r—r 1 7t 1 Tt 1T T 1T T T T T T T T 1
o 1 2 3 4 5 6 7 8

Demand-side GHG mitigation potential (Gt CO,eq per year)

IPCC SRLCC (2019)



Comparison of mitigation potential by 2050

Focus on the impact of changing diets (worldwide)

e 25-30% of food production is lost or wasted
(average confidence).

= Food loss and waste contribute to 8-10% of
anthropogenic GHG emissions.

= Reducing this loss and waste could free up
millions of km2 of land by 2050

* Changing diets:

= By 2050, food transitions could free up
millions of km2 of land

= With a mitigation potential of 0.7 and 8.0 Gt

CO2eq
— with environmental and health co-benefits

(SDGs)

IPCC SRLCC (2019)



Changement d'usage des sols par rapport a 2010 (Mkm?)

Land-use in mitigation pathways

A. Priorité a la durabilité (SSP1)

Durabilité dans la gestion des terres,
intensification agricole, production et
consommation induisant une réduction
des besoins en terres agricoles, malgré
['augmentation de la quantité d'aliments
par habitant. Cette terre peut étre utilisés
alaplace pour le reboisement, le
boisement et la bioénergie.

SSP1 Priorité a la durabilité
10 -

75 - E
5 -

25 -

-2.5
-5
-1.5 -

-10

T T T T
2010 2025 2050 2075 2100

B. Situation intermédiaire (SSP2)

Le développement sociétal et
technologique suit le rythme historique.
La demande accrue de terres pour pour
des mesures d'atténuation (bioénergie,
boisement, réduction de la
déforestation...) diminue la disponibilité
des terres agricoles pour les cultures

vivriéres, fourrageres et de fibres textiles.

SSP2 Situation intermédiaire

C. Forte consommation de ressources (SSP5)

Productions et consommations exigent
beaucoup de ressources, entrainant des
émissions de référence élevées. L'atténuation
se concentre sur les solutions
technologiques, dont la bioénergie et les
BECSC. L'intensification et ['utilisation
concurrentielle des terres contribuent au
déclin des terres agricoles.

SSP5 Forte consommation de ressources

10 - 10-
75 - 7.5- cB
CB
F
5 - 5- P
25 - 2.5-
> # e T EN
-2.5 EN -2.5
-5 -5
15 - p -1.5-
2]
-10 T T T ‘10 T T T
2010 2025 2050 2075 2100 2010 2025 2050 2075 2100

M PATURAGES M CULTURES BIOENERGETIQUES MIFORETS M ESPACES NATURELS

IPCC SRLCC (2019)



Now let’s have a look at the real world
(focus on the USA)



Glasgow Climate Pact ReEINCYEes
GLASGOW

18.  Further recognizes that this requires accelerated action in this critical decade, on the
basis of the best available scientific knowledge and equity, reflecting common but
differentiated responsibilities and respective capabilities and in the context of sustainable
development and efforts to eradicate poverty;

19.  Invites Parties to consider further actions to reduce by 2030 non-carbon dioxide
greenhouse gas emissions, including methane;

20.  Calls upon Parties to accelerate the development, deployment and dissemination of
technologies, and the adoption of policies, to transition towards low-emission energy
systems, including by rapidly scaling up the deployment of clean power generation and
energy efficiency measures, including accelerating efforts towards the phasedown of
unabated coal power and phase-out of inefficient fossil fuel subsidies, while providing
targeted support to the poorest and most vulnerable in line with national circumstances and
recognizing the need for support towards a just transition;

21.  Emphasizes the importance of protecting, conserving and restoring nature and
ecosystems, including forests and other terrestrial and marine ecosystems, to achieve the
long-term global goal of the Convention by acting as sinks and reservoirs of greenhouse gases
and protecting biodiversity, while ensuring social and environmental safeguards;

Have a look at the deal :
https://unfccc.int/sites/default/files/resource/cop26_auv_2f cover_decision.pd

.I.'



https://unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pdf

State of play

Clear All

(@ Clear "Greenhouse Gas
Removal"-Projects from map

l
l

Greenhouse
Gas Removal

Clear "Solar Radiation
Management"-Projects from map

@ Add "Weather Modification"-
Projects to map

:"
-
'

Solar Radiation
Management

(@ Ongoing
Weather (@ Planned

Modification

@ Cancelled

[@lmapbox

& Mapbox & OpenStreeth: this map

https://map.geoengineeringmonitor.org/



State of play

Svalbard
®

Greenland

Russia Greenhouse
Gas Removal

Canada

Colombia

Brazil
0 Bolivia
Chile e

o© INTERVENTIONS SUR LE CLIMAT

ETAT DES LIEUX DES INITIATIVES AUX ETATS-UNIS

https://france-science.com/rapport-dambassade-interventions-sur-le-climat-etat-des-lieux-des-initiatives-aux-etats-unis/



Contexte aux USA

Energy Act of 2020 (loi de programmation déc 2020)
* Plus de 35 Mds$ sur 5 ans : R&D, projets pilotes
» Renouvelables, nucléaire, efficacité... et CCUS ; DAC

Climate intervention Act of 2020
» (loi de programmation avril 2020)

De nouveaux rapports de 'académie des sciences
Négative emission & sequestration (2019)
“Reflecting Sunlight” (2021)
“A Research Strategy for Ocean CO, Removal and Sequestration”
(déc 2021)

Un lobbying tres dynamique
Bi-partisan, pour les technologies de captage (CCSU)
Multiplication des annonces du secteur prive
(neutralité carbone; investissements)



Carbon Capture and Storage (CCS)

Schéma de principe

[ ] LTI LT T T e

Schéma conceptuel d'un dispositif de captage direct de CO2 dans I'air utilisant un solvant liquide (source Holmes et Keith, 2012)

Source: Rocky Mountain Coal Mining Institute, Atias [V, 2012, as modied by the NPC.

Chaine de valeur du Captage et du Stockage du CO2.
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Carbon Capture and Storage (CCS)
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Dispositif DACCS
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Climeworks' plant for direct air capture in Iceland removes carbon dioxide permanently from the
atmosphere. Credit: Julia Dunlop/Climeworks




Carbon Capture and Storage (CCS)

Etat des lieux aux Etats-Unis

e Emissions stationnaires
o % des émissions proviennent du secteur de I'énergie

e ROle de l'industrie pétroliere
o Nombreuses activités de R&D
o Positionnement sur la chaine de valeur
o 9 projets de taille commerciale (sur 10) sont des projets d’'EOR

(enhanced oil recovery)

o Potentiel de stockage
o 3,000 a 8,600 Gt CO, (capacité totale - USGS)

TOTAL EMISSIONS OF 5.3 BILLION TONNES STATIONARY EMISSIONS OF 2.6 BILLION TONNES

IRON & STEEL 2% = ELECTRICITY
CEMENT & - \ (FEHER) 1%
OTHER (NON-FOSSIL CONCRETE 3% \
FUEL COMBUSTION) 7% CHEADCAL \ REFINING 8%
RESIDENTIAL & COMMERCIAL 10% MANUFACTURING 5% ~PULP & PAPER 6%

Source: U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2017.



Carbon Capture and Storage (CCS)

e Cadre réglementaire
o Reéglementation technique —
= EOR (Safe Drinking Water Act — B —
- 1980) e
= Aquifére (Class VI wells -
2011)
o Réglementation fiscale
= Greenhouse Gas Reporting
Program (Captage et
fourniture / Injection pour
'EOR / stockage géologique)

e Cadre financier ===
o Crédit d'impot 45-Q (fédéral) s | Ssssas

= 35 5%t/CO2 (EOR)/50%t/CO2 e | sEa

(stockage) en 2026 PR AL b ersmas TR

o California Low-Carbon Fuel SSssss=ossSssecex
Standard A



DEPLOYMENT

DEVELOPMENT &
DEMONSTRATION

BASIC
RESEARCH

Carbon Capture and Storage (CCS)

Maturité des technologies et R&D

ABSORPTION (AMINES) PIPELINE TRUCK BIOLOGICAL o
- — FORMATIONS -
T CARBON- T
RAIL ATION
- r T -
COMPRESSION
L — - TRL7
T CONVENTIONAL
EOR
FUEL
CYCLE
— e CELLS == - TRLE
STORAGE
INCREASE BY
- o 4K d L o EOR DESIGN i
DEPLETED
OIL AND GAS
s FIELDS - TRL4
-~ L - - & . TRL3
SHIP
CRYOGENIC uncowevmo&
SEPARATION
e - e | - TRL2
ADSORPTION OXY- THERMOCHEMICAL UNCONVENTIONALS ~ \
COMBUSTION (TIGHT ROCKS)  OTHER
1 k 11 (CBM, BASALT) o
ABSORPTION (SOLVENTS,  DIRECT ELECTRO/ - TR
ENZYMES, OTHER) AIR CAPTURE PHOTOCHEMICAL
CAPTURE COMPRESSION USE STORAGE ] EOR
& TRANSPORT

Budget alloué a la R&D

$ millions

o 217.8 28

w1963 1987 1987
9
9o 853
1178

101 101

FY 2016 FY 2017 FY 2020

WBCartx
Utilzation

mCarbon

n Capture Storage Carbon



Carbon Capture and Storage (CCS)

Proposition de dynamique de déploiement

(National Petroleum Council)

Actuellement : 10 projets commerciaux - 25
MtCO,/an

Activation phase: ~ next 5 to 7 years from today Expansion phase: ~ next 15 years from today At-scale deployment; -;c%:xt 25 years from today
AooduamgCCUSdepbynmwimqthaxlm and e: mam Achieving al-scale deployment will require substantially increased

iy ot oloping a durabl legal and regutoy support diven by national poicies

ft [ [ 31 . ") .
1 ) A A —
1 .“ %[ »"'-,.;, ik ) “ s ,, J“ -y
. ( " Y1 )4 { -
0/ s . . "c“

RN e R g
< ~$508 | 3 ~$1758 -

&, =528 ) ~10Kyr 3 10% cmie |60 o -3oB §~40Kyr 3 25% ommins W50
I Volume, Mue.T~_, I‘ €« Volume, Mipa M

i B \ L
) ‘ CO; sources Key: Voume
: éc umulative CCUS
inks = investment (20 years)
@ cousinks Comparison ™ ccus
Lowsr  Higher iy Cumu Clmatites =» US.oilindustry,  Cumulative [~25
Voumo  Volume i vi . nt al jobs % volume Volume, Mtpa
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Carbon Capture, Utilization and Storage
(CCUS)

La valorisation du CO,

e Produits a valeur ajoutée
o Carburants synthétiques
o Produits chimiques
o Matériaux

e Enjeux
o Consommation énergétique
et colt de production
o Analyse en cycle de vie

e Marché et acteurs
o 70 Mds$ (2030) - 550 Mds$
(2040)*
o Nombreuses startups -
soutien des grands groupes
et des investisseurs

Biogas, Syngas
Bio Crude Oil

Bio Ch Neat Fuels &
L Aetock c dity,

Specialty & Fine
Chemicals

Whole Algae

Lipids

Emerging

Proteins Biochemicals

FUELS &

Carbohydrates ORGANIC CHEMICALS

Commaodity,
Specialty & Fine

Carbonate
Chemicals

Aggregates

INORGANIC

Carbonate
MATERIALS

Cements

WORKING
FLUID

C2 Fuels &
Basic Chemicals,
S, Graphitic

Bicarbonates  Other Materials Geological

& Chemicals Energy D”% Carbon
i
Sorage CO,,Syngas,
C1 Fuels &

Basic Chemicals

Crude Natural Coalbed Hydraulic Ground/Waste Geothermal
Oil Gas Methane Fracturing Water Energy

[
Enhanced Resource Recovery
Source: JM Energy Consulting, Inc, 2019

* Lux research



Other approaches involving CCS

Un intérét fort pour les émissions négatives

- BECCS - DACCS
o Potentiel de 500 a 1,500 MtCO,/an o Montée en échelle: pilotes et
o 1 projet commercial (ADM - démonstrateurs
éthanol) o Allocations recommandées par
I'’Académie des sciences:
2,1 MtCO, o
stockées e 250

= Basic & Applied Research

g

NEGATIVE EMISSIONS = Deployment
TECHNOLOGIES AND 200 ] Demonstration
RELIABLE SEQUESTRATION I | = Developmen

Funding (S million)
8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15




Role of Fossil fuel industry

a
100- Time horizon
from peak
| s
| =
o =
: i
@ -
% — = = = — N — -
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-25
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Weber et al. (2018)
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Nature (land) based solutions

Schéma de principe

>
w
N
gigatons CO
3.9 9.1 2.0
gigatons gigatons

Protect ‘ Manage Restore
intact lands | working lands native cover
PrAa

Manage Manage Manage estore estore
Timberlands Croplands Grazing Forests Wetlands
Better Better Lands Setter

Source: Griscom et al., PNAS (2017) and Griscom et al., 2020 Philosophical Transactions of
the Royal Society B. Graphics from Nature Conservancy magazine and SW Infographics

Favoriser le stockage naturel du
carbone par les écosystemes
o Protéger I'existant
o Restaurer les écosystemes
degradeés
o Modifier les pratiques
culturales pour améeliorer le
stockage
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Nature (land) based solutions

Etat des lieux aux Etats-Unis

. Un faible soutien institutionnel en particulier en terme de recherche

. Mais un écosysteme de lobbies et dONG dynamique

. Des grands groupes industriels et des fondations qui s’impliquent et investissent
. Des startups qui commencent déja a developper des projets opérationnels

Projets essentiellement basé sur I'agriculture et la foresterie
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Nature (land) based solutions

Perspectives de développement

N —

De nouvelles perspectives avec I'administration Biden

Des start-ups sont déja en développement (marché carbone,
certification/standardisation)

Les NBS se développent majoritairement par la finance du
carbone forestier et les marchés de crédits carbone.

Category Total Contracted Contracted Volume
- Green Diamond 240,000 100
< Natural Capital Partners 209,800 35
|\ The Nature Conservancy 202,369 88
[ | .
1.1IM s 0w
Forestry \ L] e
y Cumberland Forest, LP managed by TNC 153,000 100
9  Climate Care Oxford 100,000 49|
, Rabobank 500 10
Land O'Lakes
Soil 193K — =
| y Regen Network 93338
Bioenergy . Charm Industrial 2000 Microsoft.com
Carbon Cycle 1,000 800
Biochar 2K Carbofex Oy 5 -
ECHO2 400 600

/'/_"\
Direct air capt f i SO 7
irect air capture \!'9 400
1 100
Total

1.3M



Nature (land) based solutions

Limites et différence de vision avec I’Europe

« La question fondamentale de la durée de stockage reste en suspens

« Une vision des NBS beaucoup moins restrictive qu’en Europe
- Non systémique (peu de lien entre service de stockage et les autres services
ecosystemiques (e.g. biodiversité), faible considération de I'impact social et bien étre

humain)
» Des solutions a l'interface avec la géo ingénierie (e.g. biochar, épandage minéral)



Nature (land) based solutions

Limites et différence de vision avec I’Europe

3. Le probléme de l'interaction des solutions avec le changement climatique

Le risque d’échec des solutions face au changement climatique:

» sol: risque de perte de carbone des sols par augmentation de la
tempeérature

» Foresterie: vulnérabilité des foréts: Risque de dépérissement des zones

reboisée. Choix des essences peu abordé (risque de choix d’essences a
croissance rapide mais peu résiliente).



Nature (ocean) based solutions

Schéma de principe

® Les solutions basées sur I'océan
disposent de pendant au techniques
de ‘SRM’, ‘CDR’ et CCS

® Mais elles disposent aussi
d'approches géochimiques
(alcalinisation, ajout de nutriments)
qui ont un fort pouvoir d’élimination
du CO, mais dont les risques sont
inconnues

® Elles reste des solutions non
conventionnelles, non prise en
compte dans les trajectoires
d’émissions compatibles avec
I’Accord de Paris

Source: GEOMAR



Nature (ocean) based solutions

® En 2020-2021, il y avait seulement
guelques actions en cours, notamment
dans le contexte du Climate Intervention
Research Act (NOAA).
® Depuis, le rapport de la NASEM “A
Research Strategy for Ocean Carbon
Dioxide Removal and Sequestration”
(2021) a initi€ un mouvement.
Notamment des collaborations avec
Squrce: OcegnNETs, expérience I'alcalinisation en I’Europe C]UI a financé (via H2020 et
mésocosme a Gran Canaria .
HEU) des programmes d’expérimentation
d’alcanisation in situ (photo) afin de
mieux comprendre les risques associés a
ces solutions
® %$2,5 Mds dont $1Mds sur des recherche
prioritaire




Magnitude of the funding

(lastest update Feb 2022)

Administration Biden : une approche « whole-of-government »

Budget CCUS disponible 2022
- Budget fédéral : $368M

Captage ($150M), utilisation ($38M), stockage ($117M),

Captage direct dans I'air (563 M)

- Infrastructure Plan : plus de $2Mds
(S12,5 Mds sur 5 ans)

Captage sur sites industriels charbon, gaz et autres ; R&D

et démonstrateurs (S680M)

Captage direct dans I'atmosphere et stockage:
4 “hubs” pré-commerciaux, AAP projets (S815M);
transports CO2 (S600M, prét)

Energy Act 2020: plus de $1,3Md (estimé)
(56,65 Mds sur 5 ans)

Build Back Better Act: $550 Mds climat et énergie

- Budget NBS (USDA)

Conservation, suivi des services environnementaux
et du stockage du C (5161M)

“Climate smart”: agriculture intelligente; foréts
(volet R&D)

Budget 2023

Mémorandum OSTP pour la R&D
Adressé aux Ministeres et agences
Priorité climat : CCSU et NBS

Crédit Carbone 45Q:

The Catch act (introduit au sénat juin 2021)
Evolution du montant
Evolution de I'assiette

62

Carbon Capture Improvement Act (voté 8/2021)



New players
(lastest update Feb 2022)

Le role des fondations

Le réle des think tanks et autres lobbyistes
Carbon Utilization Research Council, Carbon Capture coalition, Global CCS
Institute, Atlantic Council

Mobilisation des ONG
500 organisations demandent arrét du soutien au CCSU (fin aoat 2021)

Montant
Nom du projet | Financeur | Technologie
proj g (USD)
Carbon Fondation
. . DAC nc
Engineering Gates
X Prize for Carbon Musk .
DAC et NBS 100 millions
Removal Foundation
Apple,
The Restore Fund| Conservation NBS 200 millions

International

Nature Bezos Earth .
NBS 100 millions
Conservancy Fund
World Wildlif B Earth -
Students win $100,000 prize from b Raates NBS | 100 millions
Elon Musk's carbon-removal ~ Environmental | Bezos Earth . too
Competltlon Defense Fund Fund mitions

Source: https://news.miami.edu/stories/2021/11/students-win-100,000-prize-from-elon-musks-carbon-removal-competition.html



Outro



The use of Negative Emissions for Music Bands ?

=€’ climeworks

supported by

COLDPLAY

Source: https://climeworks.com/news/climeworks-supported-by-coldplay



