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https://keelingcurve.ucsd.edu/
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https://keelingcurve.ucsd.edu/
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Nearly one million years of data show current CO2 unprecedented

data from trapped gas in ice cores
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NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, published December
2020, retrieved on December 28, 2020 from https://www.ncdc.noaa.gov/cag/

Global-Average Land-Based Temperature Measurements
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https://www.ncdc.noaa.gov/cag/
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NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, published December 2020, retrieved on December 28,
2020 from https://www.ncdc.noaa.gov/cag/
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https://www.ncdc.noaa.gov/cag/
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https://www.globalchange.gov/browse/indicators/global-sea-level-rise

Global Average Sea Level Change Relative to 1880
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https://www.epa.gov/climate-indicators/climate-change-indicators-ocean-acidity; Rackley, Stephen A.
(2010), "Ocean Storage", Carbon Capture and Storage, Elsevier, pp. 267–286,

Of the 1300 Gt CO2 emitted from human activity over 
the last 200 years, ~38% of that has gone into the 
oceans.

This has led to a 30% increase in acidity.

Calcifiers (coral, shellfish, etc.) risk extinction.

CO2 + H2O ⇆ HCO3 + H+-

7

https://www.epa.gov/climate-indicators/climate-change-indicators-ocean-acidity
https://linkinghub.elsevier.com/retrieve/pii/B9781856176361000122
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IPCC, 2014: Climate Change 2014: Synthesis Report.

To prevent (likely 
catastrophic) 
human induced 
climate change CO2
emissions must go 
to 0 – or even 
negative.
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AFOLU = Agriculture, Forestry, and Other Land Uses



9

El
ec

tr
ic

ity
 C

os
t Technology innovation plus scaling: renewables 

now provide the lowest cost electricity

https://en.wikipedia.org/wiki/Swanson's_law
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now ~ $0.03/kWh!

learning curve with scale

20 years ago this was thought impossible
10 years ago it was thought very unlikely
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Lewis, Caldeira, et. al., Role of Long-Duration Energy Storage in Variable Renewable Electricity Systems. Joule 2020, 4, 1907-1928.

Need (cheap) 
long-duration 
storage for 
season and 
decadal 
variation

underproduction
overproduction

Need (cheap) 
short duration 
daily
variation
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Chemistry is the Solution: Lithium ion battery
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< $100/kWh as the target for “true” price parity with ICE vehicles (2-3 y)
< $20/kWh for long-duration storage (uncertain timeline)
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2019 Nobel Prize in 
Chemistry
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Electrolysis forms hydrogen fuel

Half reactions:
Cathode (reduction):
2H+ + 2e-® H2
Anode (oxidation):
H2O ® O2 + 4e- +4H+

Science and Technology Challenges:
• Cheap, earth-abundant, and stable catalysts
• Lower-cost cell designs for mass production
• Improved processes and materials for durable ionic 

membranes
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National Renewable Energy Laboratory, NREL 54313.
2H2O ® 2H2 + O2
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Predication: 
natural gas 
companies will 
become hydrogen 
companies over 
the next 20 years.

Hydrogen enables long-duration storage… and more
fuel cells or 
turbines



14

One round-trip flight from New 
York to Europe or to San 
Francisco creates a warming 
effect equivalent to 2 or 3 tons 
of carbon dioxide per person. 
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Cost of Electrolysis-Derived Hydrogen Gas

2009 Report NREL/BK-6A1-46676 

Would be competitive with gasoline for transportation 

1 kg of hydrogen gas has about the same energy content of 1 gallon of gasoline.
Hydrogen from natural gas reforming costs 1.5 - 3 $/kg
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no CapEx included

Massive, very-low-
cost electrolyzer and 
fuel-cell technology 
is coming in the next 
5-10 y as the sector 
scales and learns.



CO2 Capture
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Massive investment in 
reforestation and forest 
management in rural areas 
critical. 

Want negative
emissions?
Use Nature.

~1 billion hectares “available” = ~200 GtC = 2/3 of human emissions
Crowther and coworkers, The global tree restoration potential. 
Science 2019, 365, 76-79.



• The cost of renewable electricity generation has dropped dramatically 
and due to science, engineering, and production scaling
• Cost of solar/wind electricity is lower per kWh than any other source
• Daily, seasonal, and decadal variation in renewables a solvable challenge 

with existing technology whose costs will continue a dramatic decline
• Clear, ambitious, policy is needed to enable private investment in new 

technology still seen as risky 
• Over the next two decades, solar/wind energy + storage will be the 

cheapest form of energy.
• Investments/policy that continue legacy fossil-fuel technology is not only 

bad for the environment, it is ultimately bad for Oregon business.
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electrochemistry.uoregon.edu
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