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Motivation and aim of the study CDRterra BioNET

German emissions in 2020: 644 Mt CO, !

Aim
Multi-dimensional
assessment of feasibility of
selected CDR options

Hard-to-abate ~ 60 Mt CO,/yr 3 addressing their specific,
national context of

implementation.

Graphics by MCC

1: UBA, 2021 | 2: Mengis et al., 2021 |
Intro 3: Mengis, Kalhori et al., 2022
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How can we know CDR is a good idea?
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FEASIBILITY OF
OPTIONS FOR CARBON
DIOXIDE REMOVAL (CDR)
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Selection of CDR options

Q Borchers, M. et al. (2022):
Scoping carbon dioxide removal options for Germany—
i  What s their potential contribution to Net-Zero CO,?
. Front. Clim. 4, art. 810343 )
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CDRterra BioNET

Units of CDR options

[=15)

Plants Unit of area
BECCS or e.g.1lha
DACCS NSE & ERW

Selection criteria

Maturity level
Availability of biomass
Geophysical conditions

CDR concepts
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BECCS:
BECCS:
BECCS:

BECCS:
BECCS:

BECCS:

DACCS:
DACCS:

Wood combustion CHP
Slow pyrolysis for biochar
Gasification BtL

Mixed biomass biogas CHP
Paludiculture biogas CHP

Macroalgae biogas CHP

farms (centralized)

HVAC (decentralized)

Enhanced Rock Weathering

NSE: afforestation of cropland

NSE: SOC - cover crops

NSE: peatland rewetting

NSE: seagrass meadows restoration

Geological CO, storage
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Assessment framework

Forster et al. (2022) Framework for Assessing the Feasibility of

Carbon Dioxide Removal Options Within the National Context

i of Germany. Frontiers in Climate 4:758628

/
/ = 32 interdisciplinary experts
= internal review

= workshop & meetings

: HELMHOLTZ

+ CLIMATE INITIATIVE

= 13 CDR options
= 6 dimensions

= 26 criteria

= 68 indicators (6-14 per dimen.)
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Carbon capture hybrid (biological + technological) chemical biological
BECC (+5) Mlﬁg §
CDR option: ERW PReW agricAFF agricCC agricCR SeaGr
WCom WGas WPRyr MxBG PalBG MABG Farms HVAC ‘GEOSTOR

F1: COR potential
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F3: Permanence

F3.1 Natural persistence of storage
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F3.2 Risk of carbon loss due to dimate
change and/or natural

F3.3 Risk of carbon loss due to

Systemic effects on climate

F4: Verifiability

F4.1 Ability to confirm the amount of
CO2 captured/avoided

F4.2 Ability to confirm the amount of
002 stored

F4.3 Uncertainty of estimates for CO2
removal/avoidance
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Abbreviations:
WcCom woody biomass feedstock for combustion with CHP ERW terr. enhanced rock weathering on agriculture soilg
WGas woody biomass feedstock for gasification for BtL production GEOSTOR  (geological storage solutions
'B'J WPyr woody biomass feedstock for pyrolosis for biochar production PReW rewetting of peatlands/organic soils
o |MxBG mixed biomass feedstock for biogas with CHP agricAFF  |afforestation of croplands
PalBG paludiculture feedstock for biogas with CHP agricCC cover crops on agricultural soils
MABG macroalgae feedstock for biogas with CHP agricCR crop rotation on arable soils
§ Farms Direct Air Carbon Capture Farms SeaGr seagrass meadow restoration
a |HVAC DACC installed in heat, ventilation, air-conditioning (HVAC) systems
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medium hurdles

I e hurdies

Not applicable
No data

o expert assessment
H literature-based

D specific for Germany

Borchers et al. accepted (Earth's Future)



Selected observations

Borchers et al. accepted (Earth's Future)

Systemic feasibility of CDR options:

> Options involving carbon capture (S) could [EChnically haveasighificant contribution’

to carbon removal (BECCS 0.5-29.9 Mt CO./year and DACCS 15-16 Mt CO./year)
*But: CCS is currently not allowed in Germany

» Options of natural sink enhancements (ecosystem restoration, cover crops, etc.) are
expected to have smaller contributions to carbon removal (1.7-6.3 Mt CO./year)

*But: PolehlialfoRmitiGatinG CarboREMISSIORSIEARIBENRIGH](c.g. peatland restoration)

Environmental feasibility of CDR options:
» BECCS with high demand for biomass can drive land-use change & negative effects

> Natural sink enhancement (ecosystem-based options) mainly BEReficialfor]
& best management practices
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acessed in institutional dimension

(3.2 Private transaction costs

C4.1 Other external costs per unit of
carbon dionide abated/removed

assessed in environmental dimension

Carbon capture mechanism: hybrid (biclogical + technological) chemical biological
BECC +5) DACC [+5) H
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5.2 Potential for domesticregional

assessed in social dimension

6.1 Capital Intensity

6.2 Spedficity of investment

hurdles

6.3 Revenue risk
Abbreviations:
WCom woody biomass feedstock for combustion with CHP ERW terr. enhanced rock weathering on agriculture soils —noﬂnw hurdles
WGas woody biomass feedstock for gasification for BtL production GEOSTOR  |geological storage solutions
8 WPyr woody bi feedstock for pyralosis for biochar production PReW rewetting of peatlands/organic soils
& |MxBG mixed biomass feedstock for biogas with CHP agricAFF  |afforestation of croplands
PalBG paludiculture feedstock for biogas with CHP agricCC cover crops on agricultural soils -high hurdles
MABG macroalgae feedstock for biogas with CHP agricCR crop rotation on arable soils
_8_ Farms Direct Air Carbon Capture Farms SeaGr seagrass meadow restoration
é HVAC DACCinstalled in heat, ventilation, air-conditioning (HVAC) systems

Borchers et al. accepted (Earth's Future)

Not applicable

No data

@® expert assessment

H literature-based
D specific for Germany
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Selected observations

Borchers et al. accepted (Earth's Future)

Technological feasibility of CDR options:

~ Most CDR options are feasible from a pure technological perspective; largest

technology gaps in DACC-technologies;

> High energy demand is major obstacle in particular for DACC(S) options
- competition for renewable energy sources

Economic feasibility of CDR options:
» High investment barriers in particular for BECCS & DACCS;
cost for DACCS may reduce when considering scaling effects

~ Natural sink enhancements (ecosystem-based options) have lower investment

Parriers|& lower marginal removal costs but potentially high opportunity costs

/ www.ufz.de 9
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Selected observations

Borchers et al. accepted (Earth's Future)

Institutional feasibility of CDR options:
» Technical options with CCS (BECCS & DACCYS) limited by carbon storage ban in
Germany

~ Natural sink enhancements (ecosystem-based options) can be implemented
within the existing insitutions & regulations
Social feasibility of CDR options:
» CCS with underground carbon storage perceived to have a rather high risk;

» Natural sink enhancements (ecosystem-based options) generally more accepted
but competition for land has potential for conflict

/ www.ufz.de 11




Summary

Assessment of CDR options for Germany:

Selected CDR options for Germany:
= |dentifies barriers but also ,low-hanging fruits*

= Description of CDR options based on

FEASIBILITY OF
OPTIONS FOR CARBON
DIOXIDE REMOVAL [CDR)

= Further assessments needed for including

criteria for implementation (factsheets)

regional & local perspectives

Q Borchers, M. et al. (2022):
Scoping carbon dioxide removal options for Germany-
i What is their potential contribution to Net-Zero CO,? !

._Front. Clim. 4, art. 810343
-

o Borchers, M., et al. (accepted) Comprehensive :
Assessment of Carbon Dioxide Removal Options for !

: Germany. Earth's Future.

o Forster et al. (2022) Framework for Assessing the Feasibility of
Carbon Dioxide Removal Options Within the National Context

i of Germany. Frontiers in Climate 4:758628
m www.ufz.de 12
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Summary

Borchers et al. accepted (Earth's Future)

> CDR options with higherfemoval potentials (BECCS & DACCS) face

institutional, economic, technological and societal hurdles in particular
linked to geological carbon storage (S)

~ Ecosystem-based CDR options have lower implementation hurdles but

show relatively small CO, removal potentials

» More context-specific assessments of CDR options are needed to guide
national net-zero decision making

/ www.ufz.de 13
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