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P1: Ascenarioin which social,
business, and technological
innovations resultin lower energy
demand up to 2050 while living
standards rise, especially in the global
South. A down-sized energy system
enables rapid decarbonisation of
energy supply. Afforestation is the only

CDR option considered; neither fossil
fuels with CCS nor BECCS are used.
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P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
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P3: A middle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are

mainly achieved by changing the way in

which energy and products are
produced, and to a lesser degree by
reductions in demand.
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P4: Aresource and energy-intensive |
scenario in which economic growth and |
globalization lead to widespread ‘
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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Challenge: €0, recovery from atmosphere (DAC), and Recovered CO, can
be converted into fuel and/or various chemicals as a raw material (CCU)
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AGfO, Energy of Formation (kJ/mol)
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Cost for CO2 Removal (DAC as a Backstop Technology)

all global emissions — all global emissions
° 100% mitigation —— e 100% mitigation —»

DACS COSTS TODAY /] 2P0 Ve °100/tC0;

N TEE N AN G S S S O .

o~ <=
2 L
B 7]
Qo o
o (&)
ks +

-t s
w) w
o o
o o
| / | '/

tons of mitigation required tons of mitigation required

Relationship between cost and introduction amount of DAC

Source: Direct Air Capture of Carbon Dioxide Roadmap {ICEF 2018)
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CCU@@E%&H&%WWJ (Hepburn et al. (2019) Nature Vol.575, 87-97)

Low scanario High scanario

D E* ($1,800)

goonum”m"m_m“m_m”

Cement™®

400 s

100
Adgr
0

Breakeven costi2015 US$ per t GO, utilized)

S 1 0] IERTEITRIOT PR EYRTY FRPYON

=300 -

=0 |

_SUO.M__

o] ] R TR PR P TP PRSPPI

BECCS™

Microalgae®—

Methane”

Wethanol

egates***—i

rea®

ICE™

EO RWWW

Biochar™

0 1 2 3

Forestny™

Fischer-Tropsch fusls® ($1,500)

* Non-conventional pathway TRL
B High (8-2) [ Medium [5-7) Lowr [<4)

- Conventional pathway TRL

- Il High (8-9)

Storaga duration

"+ Days or months
w Decades
v Centuries or more

3IC3™  Biochar™ EOR™ Forestry™

Urea" Methanol

— Polyol® %2, 600)

Gt GO, utilized 2050

Medium (5-7) ™ Variable (3-8)

Cement curing™

OME*

Fizscher-Tropsch fuels®

Methane*

Microalgas®

EECCS™

Aggregates™

e e e e

2] 10 ih 12 13 14 15 16 17 18

28



Direct Air Capture + CO, Utilization/CO, Storage

Energy Required ! nima
Low CO, AIR
AMBIENT AIR /
—3 DAC —4 Manufacturer s cONSUMER

A&

HYDROGEN e
ENERGY ENERGY ENERGY
UTILIZATION
ENERGY

Energy resource should be zero/low CO, emission

(Source: Atsushi INABA, How to evaluate technologies?, Moonshot International Symposium, Dec. 18, 2019)
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