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• Nationally Determined
Contributions in 2030: 52-
58 GtCO2e/yr

• 1.5°C pathways: 25-30 
GtCO2e/yr

• 40-60% reduction of CO2

relative to 2010 
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Source: UN EGR 2017, chpt. 7, Fig. 7.2



Different pathways & mitigation 
strategies could limit warming to 1.5°C

Source: Fuss et al. 2020

Scenario 1: negative emissions 
offset residual (positive) 
emissions, resulting in little 
CDR and drastic and 
immediate emission
reductions.

Scenario 2: greater (positive) 
emissions result in larger CDR and 
higher overshoot before the 
temperature increase declines to 
1.3C–1.4C in 2100, still with 
drastic CO2 emission reductions in 
the next two decades.



“Committed emissions 
from existing and 
proposed energy 
infrastructure would 
consume the entire 
remaining carbon 
budget if mean warming 
is to be limited to 1.5 °C 
with a probability of 50–
66%.”

Source: Tong et al. 2019

Committed carbon



Carbon cycle impact of BECCS

Source: Smith et al. 2016



• Very few pathways manage to reach the 1.5°C target without BECCS. 
These typically require radical demand-side emissions reductions and 
offer carbon-neutral alternatives to liquids and gases that do not rely 
on biomass (Grübler et al. 2018, van Vuuren et al. 2018).

• Cumulative fossil and biomass CO2 stored by 2050: 0-460 GtCO2 (0-190 
GtCO2 from biomass) across 1.5°C pathways (IPCC SR1.5 2018).

• 1.5°C with limited or no overshoot: BECCS deployment of 0–1, 0–8, 
and 0–16 GtCO2 yr−1 in 2030, 2050, and 2100, respectively (IPCC SR1.5 
2018). 

• The upper end of these deployment ranges by mid-century exceeds 
the BECCS potential of up to 5 GtCO2 yr−1 and afforestation potential of 
up to 3.6 GtCO2 yr−1 systematically assessed based on bottom-up 
literature (Fuss et al. 2018).

The role of BECCS in 1.5°C pathways



Source: IPCC 2018, Chpt. 2, Fig. 2.24

Land use change (2010-2050 in mill. ha)



Source: Fuss et al. 2018



• Bioenergy heavily deployed
even under BAU

• Rapid bioenergy upscaling
between 2030 and 2070 in 2°C 
scenarios (but some 2°C 
pathways with bioenergy
constrained to 100EJ/yr)

• Without CCS, bioenergy use 
largely unchanged (or 
increases!) due to high value 
of bioenergy for energy 
transformation (Bauer et al. 
2018).

Bioenergy versus BECCS

Source: Minx et al. 2018, Figure 7



2050 costs and potentials of removal options

DACCS

BECCS Enhanced 
Weathering

Biochar

Afforestation
Soil carbon
sequestration

Source: Fuss et al. 2018



Upscaling observed in scenarios not reflected
in the CDR innovation literature

More work needed here!

Source: Nemet et al. 2018



No longer just an academic debate…

The Guardian 4 Jun 2019

The Guardian 8 May 2019



CCS – a Swedish example: point sources of CO2

Total emissions in kt Total emissions in kt

CO2 emissions between 100 and 500 kt CO2 emissions > 500 kt

Cement Heat & Power

Mining   Pulp

Chemicals   Steel/Iron

Chemicals   Steel/Iron

Refining Pulp

Heat & Power

Cement

Source: Adapted from Johnsson & Kjärstad (2019)



CCS – a Swedish example: 27 large industrial CO2 point sources (>500 
ktCO2/a) 1 Cement plant

3 Refineries

19 Pulp & Paper plants

Kraftvärmeverk, Sverige

Biogenic and fossil

2 Steel plants

+ 1 CHP plant

1 Chemical plant

Courtesy of Filip Johnsson



CCS – a Swedish example: 27 large industrial
point sources of CO2 emissions (>500 ktCO2/a)

Marginal Abatement Cost Curve for CCS and BECCS
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Source: Johnsson, F. Normann, Svensson (2020)



CCS – a Swedish example: 27 large industrial
point sources of CO2 emissions (>500 ktCO2/a)
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Takeaway messages

• Reaching net-zero is a necessary condition for reaching the
Paris climate goals.

• Carbon removal will play a role (especially with further delays
in increasing the emission reduction ambitions), though it
cannot substitute for radical and swift emissions reductions.

• Which pathway is ultimately chosen - including the extent and 
type of carbon removal – will also be a societal choice.

• BECCS faces a number of sustainability constraints at the
double-digit gigaton scale of some 1.5°C pathways, but it can
be an important entry point for countries like Sweden.

• Focus needs to shift to implementation to close the gap more
quickly.


