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Cumulative emissions of COz and future non-CO: radiative forcing determine
the probability of limiting warming to 1.5°C

a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)
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Cumulative emissions of COz and future non-CO: radiative forcing determine
the probability of limiting warming to 1.5°C

a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)
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Forskningscenter Foulum er allerede taget i
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THE NEED FOR CDR!!

Carbon Dioxide Removal



Cumulative emissions of COz and future non-CO: radiative forcing determine
the probability of limiting warming to 1.5°C

a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways
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—

sennnnns | FD

---'81

=
O
o
2
ON
o
©
o
2
o)
'®©
>
=
=
<

All 1.5°C-consistent pathways
Below-1.5°C = ———
1.5°C-low-0S
1.5°C-high-0S

2020

H' __,-‘
o -



CDR “Carbon Dioﬁ&éﬁemoval” Why is it needed?

/ .
A F’-—

mnnnmnns | ED

- - S

" Annual global CO, (Gt CO./yr)

The more aggressive

we reduce now, the

All 1.5°C-consistent pathways N — = IeSS = needed L the
Below-1.5°C s — : future.

1.5°C-low-0S
1.5°C-high-0S




1995 200]

So) THIS CLIMATE CLIMATE CRANGE: Yep, we SHovLD
CRANGE THING DEFINITELY A REALLY BE GETTING

CoulD BE A PROBLEM .. PROBLEM. ON WITR SORTING THYS

RRY TO Sov wE REALL v 2019
Lo0K, SORRY TO SounDd 1 BAVE » PR

LIKE A BROREN RECRD CRE CK-ED AND WE
NOT MAKING THYS UP, TRING ONT




EXAMPLE OF CARBON

' CAPTURE AND UTILIZATION

Not removal — rather an avoidance...



CO; sequestration
or storage

CO; chemical recycling
hydrogen by water splitting
H,O0-> H,+ %0,
followed by methanol synthesis
CO, +3 H,—> CH;0H + H,0O

CO; capture

Building
materials?

Direct Air
Capture

CO, from fossil fuel
(power plants and
industries)

Atmospheric CO,

Synthetic
hydrocarbons and
their products

Methanol (CH;0OH)

]

Fuel Uses (Biofuel)

CH;OH +3/, 0,
CO, +2 H,0
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CC Carbon Capture
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CO; sequestration
or storage

CO; chemical recycling
hydrogen by water splitting
H,O0-> H,+ %0,
followed by methanol synthesis
CO, +3 H,—> CH;0H + H,0O

CO; capture

Building
materials?

Direct Air
Capture

Synthetic
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their products
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CO, +3
CO, +3
CO, +4

- -1. +
_|2 9 [ CH2 ]n ZHZO This means that one mole of CO2

¥ 9 CH OH + H O - reduced needs approx. 3 moles of H2
2 3 2

So... 1 Gt of CO2 needs 150 Mt of H2
H, > CH, +2H,0

Consider producing 150 Mton-H, by electrolysis
H,O0 - H, + %0, AH = 286 kJ/mol ~ 40 kWh/kg-H,

Best catalysts today have overpotential ~ 50 kWh/kg-H,

150 Mton-H, will need 7500 TWh of electricity

ALL electricity production in 2020 in US was 4000 TWh;

Carbon-free electricity (nuclear, hydro, solar, wind,
geothermal, biomass) ~ 1500 TWh

27
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I USED TO AGREE WITH
YOU THAT CLIMATE
CHANGE WAS REAL...
N ANGE WA A j

..UNTIL T FOUND OUT
HOW MUCH IT WOULD




Global plpellne of commercial CCUS facilities
operatlngand in development 2010-2021
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/« Now,to combat global warming, we need rigorous reductions in emissions
- and CDR (Carbon Dioxide Removal)

Hard to-abate sectors (hequ transport, aviation, etc.) can become net-zero carbon emitters
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. Negatlve emlssmns are needed by 2050 to stay below 1,5 degrees (on top
of emission reduction)” ,

- V\Ie CEQ use al for this purpose
- It’s very EXpenswe and huge |nvestments in R&D and education is needed
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MLB@Corc.au.dk

https://www.linkedin.com/in
/mads-lundgren-bendixen/
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