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Carbon dioxide piles up like garbage

ÅCarbon dioxide emissions stay in the atmosphere for centuries

ÅWarming from carbon dioxide lasts for a millennium

ÅExcess carbon acidifies the ocean for millennia

Need to convince people and corporations to clean up their CO2 garbage
Create a movement like recycling

Moving to a waste management paradigm 
represents a big shift in dealing with CO2

Reduce, Reuse, Recycle + DISPOSAL

Cost of disposal motivates Reuse



Simple Carbon Math

Á1 ppm = 7.5 Gt CO2 in the air

ÁCO2 spreads to ocean and biosphere
ÁOn the century scale half moves out

Á1ppm = 15 Gt CO2 emissions

ÁCurrent level of CO2 in the air:

405 ppm ςor 450 ppme

Á2ЈC warming:  450 ppm(e?)

ÁRate of increase 2.5 ppm/year
ÁDriven by ~35-40 Gt CO2 per year
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3% annual 
GDP growth

Required annual carbon intensity reduction (C/GDP) 
depends on the targeted stabilization point



The global carbon budget 
is heading into overdraft

Paris Agreement:  hold warming below 1.5ЈC or at most 2ЈC
Å Promised emissions reductions will reach 4ЈC, business as usual more than 6ЈC

Å Cannot stop anymore in time

IPCC: need negative emissions
Å Pulling CO2 back from the air

Å Storing CO2 safely and permanently

The per capita fuel allotment for 2ЈC
Must last for generations

http://www.emercedesbenz.com/Aug08/08_001327_Mercedes_Benz_Econic_Semi_Trailer_Tanker_Trucks_Enter_Service_At_London_Farnborough_Airport.html

Major business risk for investors
Opportunity for leaders



IPCC calls for negative emissions
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Build a Carbon Management Industry in 30 Years? 

Decarbonization
Energy efficiency 

Renewables
Biomass  

Progress, but
Not Fast Enough 

Not Large Enough 

Graphics adapted from CO2 initiative  
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For every ton of carbon dioxide released to the atmosphere another 
ton of carbon dioxide will have to be extracted

Lower CO2 content of the atmosphere with CO2 scrubbers

Pulling CO2
back from 

the air

We are falling behind!



Technologies for Carbon Management

ÅCarbon Storage
Disposal of excess carbon underground

Established technology but not at scale

ÅFuel Synthesis
Converting renewable energy into liquid fuels

Based on proven technology, needs scaling

ÅDirect Air Capture of Carbon Dioxide
Novel technology we have introduced
Needs demonstration and scaling



Technology Gap: Direct Air Capture
Need:  Closure of carbon cycle via Direct Air Capture (DAC)
Å Only Direct air capture can scale to close the carbon cycle through the air

Feasibility: Technology works in submarines, but is still too expensive
Å Costs imposed by physics are affordable

energy requirement is less than 5% of energy in carbon

Å Other technologies have solved more difficult extraction problems
Passive collectors can pull uranium out of seawater at reasonable cost (100,000 times more dilute than CO2 in air)

Cost: Design choices and learning by doing can drive cost down
Å Passive device standing in the wind like a windmill minimizes energy and capital costs

Å Our moisture swing sorbents trade expensive energy for cheap water

Å Mass manufacturing can drive cost down by huge factors

An air collector could capture 
1000 times as much CO2

as is avoided by an equally 
sized windmill.

Mass production can drastically 
reduce cost
(photovoltaic panels, computers, cars)



Air Capture of CO2 is an enabling technology 

Markets will determine the balance between different options

Air capture eliminates all exceptions
No emission source remain exempt
Separates sources from sinks

Air capture can draw down CO2
Paying back carbon overdraft
Requires vast CO2 storage capacity

Air capture enables non-fossil liquid fuels
Synthetic fuels from CO2 and H2O
Energy storage & liquid fuels
Requires cheap non-fossil energy

Air capture enables fossil liquid fuels
Carbon use balanced by sequestration
Requires cheap CO2 storage



Direct Air Capture balances the carbon 
budget through storage or fuel synthesis

ÅThousand times faster than natural trees

ÅCollect current and past emissions

ÅDeliver CO2 for disposal or fuel synthesis

ÅCan operate at global scale

ÅAir transports CO2 for free

ÅNo need for pipelines

Air capture devices are mechanical trees

Markets will determine the balance between different options



Feasibility & Affordability?
CO2 in air is dilute and air is full of water

Å {ƘŜǊǿƻƻŘΩǎ wǳƭŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ Ŏƻǎǘǎ ǎŎŀƭŜ ƭƛƴŜŀǊƭȅ ƛƴ Řƛƭǳǘƛƻƴ

Å The air carries 10 to 100 times as much H2O as CO2

Å First-of-a-kind apparatus is expensive (APS study: $600/t)

Wikipedia picture Not a conventional separation technology 




