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- 7 years after the Paris Agreement, global emissions show no clear downward 
trend, leaving a large gap to emission trajectories compatible with <2℃ target

- “The deployment of CDR to counterbalance hard-to-abate residual emissions is 
unavoidable if net zero CO2 or GHG emissions are to be achieved.” (AR6 WG3)

Current situation

Global Carbon Budget 2021 (Friedlingstein et al., 2022)l



- All 1.5℃ scenarios include some CDR
- Multiple roles of CDR (complementary to deep emissions reductions):

The need for Carbon Dioxide Removal (CDR)

IPCC AR6 WG3 (Ch. 12)
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à We no longer need 
to discuss if we do 
CDR – the Paris 
Agreement obliges us 
to do so – but through 
which methods, by 
whom and where!
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- Amount of Carbon Dioxide Removal
- Median value (5–95% range) across the scenarios likely limiting warming to 2°C or lower:

A word on global scale (IPCC AR6 WG3)

BECCS Net removal on managed land 
(incl. A/R)

DACCS

2020-2100, GtCO2 328 (168–763) 252 (20–418) 29 (0–339)

2050, GtCO2/year 2.75 (0.52–9.45) 2.98 (0.23–6.38) 0.02 (0–1.74)
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- Amount of Carbon Dioxide Removal
- Median value (5–95% range) across the scenarios likely limiting warming to  2°C or lower:

- Area 
- Pathways limiting warming to 1.5°C with no or limited overshoot:

A word on global scale (IPCC AR6 WG3)

BECCS Net removal on managed land 
(incl. A/R)

DACCS

2020-2100, GtCO2 328 (168–763) 252 (20–418) 29 (0–339)

2050, GtCO2/year 2.75 (0.52–9.45) 2.98 (0.23–6.38) 0.02 (0–1.74)

Bioenergy (incl.) 
BECCS

Increase in forest cover

million ha 199 (56-482) in 2100 322 (-67 to 890) in 2050

Does not interfere with 
food security under high 
CO2 price and/or dietary 
changes
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- Both land- and ocean-
based approaches 
discussed and need to be 
evaluated against each 
other

- In                     realistic
potentials are assessed 
that account for conflicts 
over resources (water, 
land), societal processes, 
ecological sustainability 
and economical and 
political feasibility     

Carbon Dioxide Removal methods



Assessment matrix across dimensions with quantitative/qualitative indicators

à No ranking, but evaluation of (context-specific!) trade-offs and synergies

Common, comprehensive assessment framework

Förster et al., Frontiers in Climate, 2022
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What are “natural climate solutions”?

- à Protect, restore or sustainably manage ecosystems with the goal of mitigating 
climate change

- … while also addressing other societal challenges
- In the latter, broader context, NCS are often called “nature-based solutions”
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What are “natural climate solutions”?

- à Protect, restore or sustainably manage ecosystems with the goal of mitigating 
climate change

- … while also addressing other societal challenges
- In the latter, broader context, NCS are often called “nature-based solutions”

- Note: “NBS” or “NCS” may be misleading
- Note: the IPCC recommends to no longer 

distinguish nature-based and technological 
options



IPCC AR6 WG3

Tech. readiness level
Costs

Potential
Risks

Co-benefits
Trade-offs

Tab. 12.6 (small selection!)
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cheap & ready!
but alters water and energy fluxes
Permanence!
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All potentials are limited
All methods have risks and side-effects
à Portfolio of options needed
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Pongratz et al, Curr. Clim. Ch. Rep., 2021

Status of model implementation

- BECCS, A/R, forestry (, soil C 
sequestration) included in several 
LSMs (with varying detail)

- Note: problems exists for A/R that the 
*area* the IAMs assume is not realized 
in the LSMs (Di Vittorio et al., BG,
2014)

- Agroforestry, biochar, enhanced 
weathering (, paludiculture) largely 
missing

- Blyth et al., CCCR, 2021: future 
direction is link to models for food 
and water use
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Examples of implementation of BECCS in 3 LSMs

Type Representation Bioenergy use reference

JSBACH3 Miscanthus 1 new PFT (specific 
parameters, phenology and 
harvesting)

Substitution levels from 0-
100%

Mayer, Reports on 
Earth System Science, 
2017

ORCHIDEE-
MICT-
BIOENERGY

Miscanthus, 
switchgrass, 
poplar/willow, 
eucalypt

4 new PFTs (specific 
parameters and harvesting)

Separate bioenergy harvest 
pool that is released to 
atmosphere immediately

Li et al., GMD, 2018

CLM5 Miscanthus, 
switchgrass

2 new CFTs (specific 
parameters, planting & 
harvesting, fertilization, 
irrigation)

Bioenergy harvest released 
to atmosphere immediately

Cheng et al., JAMES, 
2019



- Using plausible land-use scenario (RCP4.5), letting forests regrow or use the same area 
for BECCS (~6 mio km2) à How much C do we sequester? Which method is better?

Example: Comparing A/R to BECCS in JSBACH

Atmospheric CO2 concentration under RCP8.5 fossil forcing (RCP4.5 for comparison)

Mayer, Reports on Earth System Science, 2017

BECCS with 0% fossil-fuel substitution is 
less efficient than A/R, but BECCS with 
100% substitution is much more efficient

RCP8.5

RCP4.5



Example: Comparing A/R to BECCS in JSBACH

Total carbon uptake 2006-2100

kg/m2

… for A/R … for BECCS (100% substitution)

Mayer, Reports on Earth System Science, 2017



Example: Comparing A/R to BECCS in JSBACH

Total carbon uptake 2006-2100

kg/m2

… for A/R … for BECCS (100% substitution)

Mayer, Reports on Earth System Science, 2017

Note: Includes a lot of soil C sequestration!
See Ito et al., ERL, 2020 for analysis of soil C in LUMIP simulations
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Example: Comparing A/R to BECCS in JSBACH

Total carbon uptake 2006-2100

kg/m2

In this year, BECCS become 
more efficient in sequestering 

CO2 than A/R:

… for A/R … for BECCS (100% substitution)

Mayer, Reports on Earth System Science, 2017



Example: Comparing A/R to BECCS scenarios in CLM5

Radiative forcing / CO2 Land Use Name

SSP1-2.6 SSP1-2.6Lu REFOREST

SSP1-2.6 SSP2-2.6Lu BIOCROP

à see Poster by Dave Lawrence!



Example: Comparing A/R to BECCS scenarios in CLM5

Radiative forcing / CO2 Land Use Name

SSP1-2.6 SSP1-2.6Lu REFOREST

SSP1-2.6 SSP2-2.6Lu BIOCROP

Net carbon uptake in the two scenarios

à see Poster by Dave Lawrence!



+ side-effects on climate…

Pongratz et al, Curr. Clim. Ch. Rep., 2021



• Development and implementation of Monitoring, Reporting and Verification of CDR 
(MRV) à e.g. EU certification

• Improvement and operationalization of model und Earth observations systems

• Research at the interface of science and policy to create incentive and governance 
structures

• Demonstration projects of untested CDR methods, closely accompanied by research

• Transparent dialogue between science, politics, and public to create broad acceptance

Further research and transfer needs



Most prominent examples of “natural climate solutions”

Griscom et al, PNAS, 2017

Global climate mitigation potential in 2030 (PgCO2e/year)

1 PgCO2 = 0.27 PgC


