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Necessity of additional countermeasures
for global warming
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Source: “Emissions Gap Report 2018” (United Nations Environment Programme, 2018)
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Cost for CO2 Removal
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Cost for CCU

Hepburn et al. (2019) nature Vol575, 87-97

Perspective
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Direct Air Capture + CO, Utilization/CO, Storage
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Direct Air Capture — Heat and Power

Company Thermal energy / tCO, Power / tCO, Reference
(G)) (kWh)
Climeworks 9.0 450 Ishimoto 2017
Carbon Engineering 53 366 Keith 2018
Global Thermostat 4.4 160 Ishimoto 2017
APS 2011 NaOH case 6.1 194 APS 2011

Energy required to capture

100 million tCO2/year 440~990 PJ/year 16~45 TWh/year

(Convert to Solar Water
Heater)
190~428 km?

(Convert to photovoltaic)
55~154 km?

Source: Direct Air Capture of Carbon Dioxide Roadmap (ICEF 2018)



How to evaluate CO2 reduction?

Concept of Life Cycle Assessment HSlatrmie 77

emissions (L E =

,f‘@ O J // Life cycle assessment framework ™\ \

{ \
; Pover plart [ Goal /7

i [+ I and scope > /
T P = [ — definition Direct applications: |
¢ ! . If ‘ -Product development

—

—— and improvement
inventory -Strategic planning
analysic interpretation ¢ —| -Public policy making
) -Marketing
-Other /
\Z v
b =

ﬁﬁ‘ Impact —————»

Plastlcs \ assessment ¢—————

\\\ «_J \______f;//
G \ Life Cycle Assessment (LCA)
g 1SO 140040/44 (2006)

Ié

1:

Steel
1ndustry

Aluminum

Waterborne
releases

12



Carbon footprint of power generation plants

Electricity Generation Technologies Powered by Renewable Resources

Electricity Generation Technologies
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Current status

Environment

(Air/ Water/Soil) Resources circulation has been

established such as recycling.
However, a certain amount of
the harmful substances are
leaked out to the environment.
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Circulation of the resources
that are disposed into
the environment

widely and thinly
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Current status : Case of CO2
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Nitrogen / Marine litter plastics
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Nitrogen / Marine litter plastics
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Essential Pathway
for Nitrogen /
Marine plastic litter
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Nitrogen
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Marine plastic litter

Sources of plastic pollution reaching the
marine ecosystem

Rivers/land run off-land based
Direct dumping

Fishing gear

Lost cargo

Vehicle tire dust

Industrial pellet spills

Road and building paint

Textiles

Cosmetics

Marine paint
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Source: Jenna R, et al. “Plastic waste inputs from land into the ocean”, Science, vol. 347 Issue 6223, pp. 768-771, February 2015.



summary

1. What is needed to evaluate negative emission technologies?
- How much energy is required?
- What type of energy we can use?
— Life Cycle Assessment is needed.

2. Conceptual pathway for realizing of Cool Earth and Clean Earth
*The emission pathways of GHGs are clear, but
— The pathways of Nitrogen and Marine plastics must be identified.
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