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Greenland



West Antarctica



East Antarctica



Acidic oceans



Hurricane Harvey
Houston, Texas
Aug. 17-Sept. 2, 2017
$125 billion in damage



Hurricane Irma
Florida
Aug. 30-Sept. 13, 2017
$65 billion in damage



Hurricane Maria
Dominica & Puerto Rico
Sept. 16-Oct. 2, 2017
$96 billion in damage



Australian floods 2019



Australian drought 2019



Australian bushfires 2019



Swedish wildfires 2018



6 billion DKK in crop loss

Danish drought 2018



Stockholm
August 27, 2012



Manhattan
October 29, 2012















Anionic Exchange Resin Moisture Swing













CO2 Capture Prototype







Carbon Engineering



Global Thermostat



Climeworks



Odense, Denmark



Softening hard water using sodium hydroxide pellets



Lake Mjøsa
Hamar, Norway



Point source capture



NGO’s: “If we allow Carbon Capture and Storage, 
then fossil fuel companies will be given a license 

to keep producing fossil fuels.”

NGO’s: “If we allow Carbon Capture and Storage, 
then fossil fuel companies will be given a license 

to keep producing fossil fuels.”



NGO’s: “If we allow Carbon Capture and Storage, 
then fossil fuel companies will be given a license 

to keep producing fossil fuels.”

False equivalent



“We shouldn’t clean up plastic in the oceans, because 
then the packaging industry will be given a license to 

keep producing plastic bags, and the beverage 
industry a license to keep producing plastic bottles.”



Drop-in sustainable biofuels



Growing algae using sugar cane







Carbon neutral?





“…negative emission techniques on a huge 
planetary scale that is yet to be invented, and that 

many scientists fear will never be ready in time 
and will anyway be impossible to deliver at the 

scale assumed.”
– 16-year old Greta Thunberg, Feb. 22, 2019



Carbon negative!
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1. Adapt and mitigate
2. Use a public good/public works approach, rather 
than polluter-pays approach
3. Foster technological, political, and policy pluralism
4. Foster co-benefits in non-climate domains

5.  Take innovation seriously—it’s not automatic
6.  Take livelihoods seriously—politicians do
7.  Foster effective networks at multiple social scales
8.  Make climate about many things, but don’t make 
everything about climate (disaggregate rather than 
aggregate it)

A condition to be managed, not a problem to be solved.
Some principles from 30 years of critical analysis:



How I Learned to Love the Military-Industrial 
Complex

(or: Is War Necessary to Decarbonize the 
Global Energy System)

5.  TAKING INNOVATION SERIOUSLY



10.  Huge R&D capacity

8.  Diversity of roles 
and approaches

9.  Strong and enduring 
ties to academia

7.  Unique role and 
scale as a test bed

6.  Persistent commitment to 
performance improvement

160,000 non-tactical vehicles
300,000 buildings
billions of gallons of fuel

basic research (2010) $2 billion
applied research (2010) $5 billion
advanced tech dev. (2010) $7 billion
military labs 60+
scientist & engineers 30,000 



3.  Role as a rich customer 
and discerning user

2.  Trillions invested 
over many decades

1.  National security mission 
with broad public support

4.  Strong and enduring ties to firms

5.  High price point for technology 
that advances the mission

2010 Billions
RDT&E $80
Procurement $104 
Operations & Maintenance $184



it adds up to a complex innovation ecosystem




