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Motivation and aim of the study 
 

 

 

Avoid and reduce 

Carbon budget 

Hard-to-abate 

6.9 Gt CO2  
2 

~ 60 Mt CO2/yr  3 

CDR 

German emissions in 2020: 644 Mt CO2  
1 

1: UBA, 2021  |  2: Mengis et al., 2021  |   
3: Mengis, Kalhori et al., 2022 
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framework Example Summary 
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How can we know CDR is a good idea? 

Source: Helmholtz Climate Initiative // Tanja Hildebrandt, Creative Commons CC-BY NC 4.0 license 

Förster et al. (2022) Framework for Assessing the Feasibility of 
Carbon Dioxide Removal Options Within the National Context 
of Germany. Frontiers in Climate 4:758628 
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Selection of CDR options 
 

BECCS: Wood combustion CHP  

BECCS: Gasification BtL  

BECCS: Slow pyrolysis for biochar 

BECCS: Mixed biomass biogas CHP 

BECCS: Paludiculture biogas CHP 

BECCS: Macroalgae biogas CHP 

DACCS: farms (centralized) 

DACCS: HVAC (decentralized) 

Enhanced Rock Weathering 

NSE: afforestation of cropland 

NSE: SOC - cover crops 

NSE: peatland rewetting 

NSE: seagrass meadows restoration 

Plants  
BECCS or 

DACCS 

 
Unit of area  

e.g. 1 ha 
NSE & ERW 

Units of CDR options 

Geological CO2 storage 

Selection criteria 

 Maturity level 
 Availability of biomass 
 Geophysical conditions 
 … 

Intro Methodology CDR concepts Assessment 
framework Example Summary 

Borchers, M. et al. (2022):  
Scoping carbon dioxide removal options for Germany– 
What is their potential contribution to Net-Zero CO2?  
Front. Clim. 4 , art. 810343 

https://www.ufz.de/index.php?en=20939&pub_id=26597
https://www.ufz.de/index.php?en=20939&pub_id=26597
https://www.ufz.de/index.php?en=20939&pub_id=26597
https://www.ufz.de/index.php?en=20939&pub_id=26597
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Assessment framework 
 

 32 interdisciplinary experts  

 internal review 

 workshop & meetings 

 13 CDR options 

 6 dimensions 

 26 criteria 

 68 indicators (6-14 per dimen.) 

            EVALUATION SCALE 

 traffic light system 
 where and what effort for      

   implementation 

Förster et al. (2022) Framework for Assessing the Feasibility of 
Carbon Dioxide Removal Options Within the National Context 
of Germany. Frontiers in Climate 4:758628 
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Likely no  
hurdle 

Uncertain,  
likely no  
hurdle 

Likely  
medium hurdle 

Uncertain,  
likely large  

hurdle 

Likely  
large  

hurdle 

Intro Methodology CDR concepts Assessment 
framework Example Summary 

Effort 

INSTITUTIONAL TY TY … 
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Selected observations 

Systemic feasibility of CDR options: 
 Options involving carbon capture (S) could technically have a significant contribution 

to carbon removal (BECCS 0.5-29.9 Mt CO2/year and DACCS 15-16 Mt CO2/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 CO2/year) 
*But: potential for mitigating carbon emissions can be high (e.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 beneficial for 

environment when assuming biodiversity safeguards & best management practices 
 

Borchers et al. accepted (Earth‘s Future) 
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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 
barriers & lower marginal removal costs but potentially high opportunity costs 
 

Selected observations 
Borchers et al. accepted (Earth‘s Future) 
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Institutional feasibility of CDR options: 
 Technical options with CCS (BECCS & DACCS) 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 
 
 

Selected observations 
Borchers et al. accepted (Earth‘s Future) 
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Selected CDR options for Germany: 
 Description of CDR options based on 

criteria for implementation (factsheets) 

Summary 
 

Intro Methodology CDR concepts Factsheets Assessment 
framework Example Summary 

Förster et al. (2022) Framework for Assessing the Feasibility of 
Carbon Dioxide Removal Options Within the National Context 
of Germany. Frontiers in Climate 4:758628 

Borchers, M. et al. (2022):  
Scoping carbon dioxide removal options for Germany– 
What is their potential contribution to Net-Zero CO2?  
Front. Clim. 4 , art. 810343 

Assessment of CDR options for Germany: 
 Identifies barriers but also „low-hanging fruits“ 

 Further assessments needed for including 

regional & local perspectives 

 Borchers, M., et al. (accepted) Comprehensive 
Assessment of Carbon Dioxide Removal Options for 
Germany. Earth's Future. 
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Summary 

 

 CDR options with higher removal 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 CO2 removal potentials 
 

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

Borchers et al. accepted (Earth‘s Future) 
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Thank you for your attention! 
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nmengis@geomar.de 
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