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S P M 3 a ‘ Global emissions pathway characteristics

Global total net COz emissions

Billion tonnes of CO,/yr

in pathwqys limiting global warming to 1.5°C
with no of limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reducpd to net zero globally around 2050.

Rapid and deep
emissions reductions in
the short and medium
run + net-zero in 2050.

Fourillustrative model pathways

Net negative emissions to
offset residual positive
emissions and return to
return from overshoot.
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Timing of net zero CO= — o Pathways Imiting global warming to 1L5°C with no or low owerchoot

Line widths dEph:t the 5-95th EE— Pathiwsys with high evorshaat

percentile and the 25-T5th Fathrways Iimiting glabial warming bl 21
percentile of scenaros (Mot shenun abavo)

Source: IPCC SR1.5 SPM3 2018
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S P M 3 a ‘ Global emissions pathway characteristics

Global total net COz emissions

Billion tonnes of CO,/yr

in pathways limiting global warming to 1.5°C ° N at i O n a I Iy Dete r m i n ed

with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions

are educed o neezero globally around 2050 Contributions in 2030: 52-
58 GtCO,e/yr

e 1.5°C pathways: 25-30
GtCO,e/yr

* 40-60% reduction of CO,
relative to 2010

Fourillustrative model pathways

Tliming of net zero CO= — Pathways Limiting global warming to 1.5°C with ne or low overthoot

Line widths deplt’t the 5-95th EE— Pathiwsys with high evorshaat

percentile and the 25-75th Fathways limiting glabal wamming be o 2
percentile of scenaros (Mot shenun abavo)

Source: IPCC SR1.5 SPM3 2018
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S P M 3 a ‘ Global emissions pathway characteristics

Global total net COz emissions

Billion tonnes of CO,/yr

40 in pathways limiting global warming to 1.5°C : : :
with no or limited overshoot as well as in Rapld and deep emISSIOnS
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050. : :
reductions in the short

and medium run + net-
zero in 2050.

Fourillustrative model pathways

7 Net negative emissions to
— offset residual positive
emissions and return
from overshoot.
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Timing of net zero CO= — o Pathways Imiting global warming to 1L5°C with no or low owerchoot

Line widths dEph:t the 5-95th EE— Pathiwsys with high evorshaat

percentile and the 25-T5th Fathrways Iimiting glabial warming bl 21
percentile of scenaros (Mot shenun abavo)

Source: IPCC SR1.5 SPM3 2018
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GHG emissions (GtCO.e/year)
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Source: UN EGR 2017, chpt. 7, Fig. 7.2



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

Scenario 2: greater (positive)
emissions result in larger CDR and
higher overshoot before the
temperature increase declines to
1.3C-1.4Cin 2100, still with
drastic CO, emission reductions in

40 Gt
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Cumulative CO,
(1870-2018)
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Residual (337GtCO,)
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COs.

Scenario 1: negative emissions v
offset residual (positive) 20 |
emissions, resulting in little ol e
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Source: Fuss et al. 2020



Committed carbon

Annual emissions (Gt CO2 y1)

2018

Source: Tong et al. 2019
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“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%.”
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Carbon cycle impact of BECCS
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A Climate Change

Fossil fuel
Emissions
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D Bioenergy + CCS (BECCS)

C carbon Capture & Storage (CCS)

Biogenic Land Ocean
Emissions

Source: Smith et al. 2016
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The role of BECCS in 1.5°C pathways

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 (Grubler et al. 2018, van Vuuren et al. 2018).

Cumulative fossil and biomass CO, stored by 2050: 0-460 GtCO, (0-190
GtCO, 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 GtCO, yr~tin 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 GtCO, yr™! and afforestation potential of
up to 3.6 GtCO, yr! systematically assessed based on bottom-up
literature (Fuss et al. 2018).
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Land use change (2010-2050 in mill. ha)

Food & feed crops
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Pathways based on the
Shared Socioeconomic Pathways (SSP)

no climate policy

+

subsets of 1.9 W/m* pathways

with different underlying
socioecenomic drivers

(from left to right):

- Sustainability (SSP1)

- Middle-of-the-road (SSP2)

- Fossil-fueled development (SSP5)

single SSP pathways
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B. Bioenergy carbon
capture & storage
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Tech readiness
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Bioenergy versus BECCS

Global biomass consumption in BAU & 2°C scenarios

* Bioenergy heavily deployed
even under BAU

* Rapid bioenergy upscaling
between 2030 and 2070 in 2°C

300

EZOD scenarios (but some 2°C
) pathways with bioenergy
constrained to 100EJ/yr)
1001 » Without CCS, bioenergy use

largely unchanged (or
increases!) due to high value
of bioenergy for energy

0 2025 2050 2075 2100 .
transformation (Bauer et al.
. Full mitigation No CCS/
Scenario type Iﬁfﬁ}'{]e technology portfolioIBECCS 2018) .
(n=29) (n=13)

Source: Minx et al. 2018, Figure 7
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2050 costs and potentials of removal options
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Upscaling observed in scenarios not reflected Mc¢ =
in the CDR innovation literature

I | I I
N The scale-up
0 Negative emissions deployment challenge
R= in "likely" 2°C scenarios
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More work needed here!

R&D = Demos —= Scale-up —-

Source: Nemet et al. 2018
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No longer just an academic debate...

B E o Sign in News = Sport = Reel = Worklife = Travel = Future N

e Finland pledges to become carbon
Science & Environment neutl‘al by 2035

Climate change: EU aims to be 'cl

neutral’ by 2050 New left-leaning
By Matt McGrath ]Ilﬂjﬂ[' risein p[]l] Net Zero

Environment correspondent
. s
@ 28 November 2018 f ° L 4 M < Share The U'K s contrlbutlon .to
stopping global warming

Climate change

2 New Zealand introduces bill for zero
_ _—_ carbon emissions by 2050

N
— The Guardian 8 May 2019

"% Jacinda Ardern says law will address climate change but faces
i opposition from farmers over plans to reduce methane emissions



CCS — a Swedish example: point sources of CO,  pmcc

CO, emissions > 500 kt

oy S
o A S
< 4

CO, emissions between 100 and 500 kt

Total emissionsin kt

Cement Heat & Power
® w00 @ 1o

Total emissions in kt

Refining Pulp

® worw ® 007w

® 0 @ om o =
0 400 e 11800
R o o 0 2000
Mining Pulp Chemicals Steel/Iron
200-T30 ® o0

O 0200 @ 100200

(> ] 1%

g IO 2500
(-] 1500 3+ 9500
9 DG 2000

%“I =00

\hsoo 0 Heat & Power

Chemicals Steel/lron ° Mo :
- €120 200

9 MO0 @ 100200
awe Cement

-y
o

Ny V-4

oA en 5

R et
)

Source: Adapted from Johnsson & Kjarstad (2019)
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CCS —a Swedish example 27 large industrial CO, point sources (>500
ktCO,/a) -

=
2 Steel plants
+ 1 CHP plant

Courtesy of Filip Johnsson



CCS — a Swedish example: 27 large industrial McC "o o
point sources of CO, emissions (>500 ktCO,/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 o _
point sources of CO, emissions (>500 ktCO,/a)
Marginal Abatement Cost Curve for CCS and BECCS
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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.



