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Earth has a fever

Surface temperature anomalies 2014-2018 as compared to 1951-1980 baseline

arpa-@

CHANGING WHAT'S POSSIBLE



We know what is causing it, and how to cure it

CO, Concentration (ppm)
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Carbon dioxide concentration at Mauna Loa Observatory

_ Full Record ending June 18, 2019
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The Hothouse Earth

Hothouse Earth Conditions

49 Million Years Ago
[CO,] = 3,500 ppm
Arctic sea surface temperature = 13° C
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The Azolla Event — An example to consider

Hot House Earth Conditions The Azolla Event

Before Azolla Event 49 Million Years Ago
[CO,] = 3,500 ppm
Arctic sea surface temperature = 13° C

Azolla Micro-halocline
Expansion enabled PO,
Zone recycling
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The Azolla Event — An example to consider

‘ 800,000 years \

Hot House Earth Conditions Ice House Earth Conditions
Before Azolla Event 49 Million Years Ago After Azolla Event Today
[CO,] = 3,500 ppm [CO,] = 650 ppm [CO,] =>400 ppm

Arctic sea surface temperature = 13° C . ASST =-90C
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There is a treatment path for the current fever

GHG emissions (GtCO,e/year)

80 - | Gross positive GHG emissions

CO, from fossil fuels, industry Mitigated Exambples of i hnologi
3 lond use changes | GHG emissions amples of associated technologies

CHs, N2O and F-Gases

70

60

( Conventional
72 abatement technologies

50

40

30

20

Gross negative
CO; emissions

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

National Academy of Sciences. Negative Emissions Technologies and Reliable Sequestration:
A Research Agenda. 2019. p. 3 6
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An Anthropogenic ‘Azolla’ Event

Gross negative
CO, emissions

2010 2320 20B0 2040 2050 2060 2070 2080 2090 2

2020 2030 2100
MT- GT- 20 GT-

scale scale scale
CDR CDR CDR

CDR = carbon dioxide removal
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An Anthropogenic ‘Azolla’ Event — it would be BIG

Assuming $100 per tonne of CO, for removal.

Gross negative Amounts in billions of US dollars

CO;, emissions
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CDR = carbon dioxide removal

m Carbon Dioxide Removal = 2017 Spending

Center on Budget and Policy Priorities. Policy Basics: Where Do Our Federal Tax Dollars Go?
Updated January 29, 2019 8
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Biological Solutions

Coastal Blue Carbon and Forest and Land Soil Carbon Soil Amendments &
Aguatic Systems Management Sequestration Nutrient Management
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Engineered Solutions
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Hybrid Solutions

Bioenergy with carbon
capture and storage
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Diverse climate zones accommodate a diverse economy
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CDR —diverse and broadly distributed industry
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Thank youl!

Innovations to enable:

— energy efficient

— low cost

— widely scalable

— rapidly deployable
carbon dioxide removal
and stabilization.
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We want your input!

David Babson
David.Babson@haqg.doe.gov
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