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About the speaker
• Associate Professor of 
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Engineering at Rice

• At Rice since 2006
• A&WMA member

• National Science 
Foundation CAREER 
award

• 50+ peer-reviewed 
publications, 70+ op-eds

• Website: cohan.rice.edu 
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Available in hardcover, Kindle, 
Nook, and audio book

3Amazon: https://www.amazon.com/Confronting-Climate-Gridlock-Diplomacy-Technology/dp/030025167X/
Other options: https://yalebooks.yale.edu/book/9780300251678/confronting-climate-gridlock/

https://www.amazon.com/Confronting-Climate-Gridlock-Diplomacy-Technology/dp/030025167X/
https://yalebooks.yale.edu/book/9780300251678/confronting-climate-gridlock/


Three keys to confronting gridlock:
Diplomacy, Technology, and Policy

Diplomacy

Technology

Policy

Book draws from >100 interviews with diplomats, scholars, innovators, etc.



How the Keys Interact to
Unlock Climate Gridlock 

Technolog
y

Diplomacy Policy

Enables more 
ambitious policy

“Regulation 
breeds 
innovation”

Enables others 
to do more

Fosters 
collaboration

Provides clout 
and credibility

Impels and leverages action
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Temperatures are nearing
Paris Agreement limits

6
http://berkeleyearth.org/global-temperature-report-for-2021/

http://berkeleyearth.org/global-temperature-report-for-2021/


Global fossil CO2 emissions: 34.8 ± 2 GtCO2 in 2020, 53% over 1990
  Projection for 2021: 36.4 ± 2 GtCO2, 4.9% [4.1%–5.7%] higher than 2020

The 2021 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2021; Global Carbon Project 2021

Global fossil CO2 emissions have been rising relentlessly

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/


Global fossil CO2 emissions are projected to increase by 4.9% [4.1%–5.7%] in 2021

The 2021 projections are based on preliminary data and modelling. 
Source: Friedlingstein et al 2021; Global Carbon Project 2021

Emissions by country

Second-largest emitter,  
but 14% and falling

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/


Fossil CO2 Emissions per capita

Source: Friedlingstein et al 2021; Global Carbon Project 2021

U.S. has declined but 
leads all major nations

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/


Worst-case scenarios avoided, 
but not on track for 1.5-2℃

10
Climate Action Tracker

https://climateactiontracker.org/global/temperatures/


Net-zero in U.S. isn’t enough
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C-ROADS 
Base case

C-ROADS 
with U.S. 
nearing 
net-zero

C-ROADS: Climate Interactive https://c-roads.climateinteractive.org/

Need to decarbonize energy affordably, reliably, and fast, 
in ways that make it achievable globally

https://c-roads.climateinteractive.org/


Still, U.S. is crucial

• Most emissions historically and per-capita
• Largest economy and consumer market
• Leads in technology development
• Leading driver and barrier to diplomacy
• Need to make clean energy cheap here so 

it can be deployed elsewhere
– Learning by doing drives down cost and 

improves performance

12



The Technology Key

Technolog
y

Diplomacy Policy
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Energy transitions historically 
have been slow

14https://www.eia.gov/todayinenergy/detail.php?id=26912

Wood Era

Coal Era

Oil and Gas Era

Past energy transitions took 
50+ years. Can we decarbonize 
the economy by 2050?



Baseline projections expect 
fossil fuels to remain dominant

15
U.S. EIA, Annual Energy Outlook 2022

https://www.eia.gov/outlooks/aeo/


Some technology transitions 
have been incredibly fast

16https://cleantechnica.com/2018/05/06/tony-seba-charts-out-the-disruptive-path-forward-to-evs-and-out-of-the-i-c-e-age/
https://alearningaday.blog/2017/10/22/horses-cars-and-the-disruptive-decade/

https://cleantechnica.com/2018/05/06/tony-seba-charts-out-the-disruptive-path-forward-to-evs-and-out-of-the-i-c-e-age/


Outlooks are often wrong! 
E.g., overpredicted coal…
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Image from Zeke Hausfather, @hausfath



… And underpredicted renewables
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Even optimists failed to 
foresee cost declines in solar
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Slides from Ramez Naam: https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/

https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/


Learning curves: Costs tend to fall 
~18% per doubling in deployment

20
Slides from Ramez Naam: https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/

Each tick mark is a doubling in global cumulative solar

Solar 
prices on a 
log scale
(each tick 
mark is a 
doubling)

https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/


Learning curves for the Model T
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Slides from Ramez Naam: https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/

https://rameznaam.com/2020/05/14/solars-future-is-insanely-cheap-2020/


Steps toward decarbonization

United States Mid-Century Strategy for Deep Decarbonization (White House, Nov. 2016) 

Efficiency

Clean 
Electricity

Electrification 
and low-C 

fuels

Land 
Sink CO2 

Removal Other 
GHGs Net 

Zero

https://obamawhitehouse.archives.gov/sites/default/files/docs/mid_century_strategy_report-final.pdf


Pillars of clean energy

Non-Electricity
____________

Electricity

NREL Electrification Futures Study

Roles for the pillars of 
clean energy:
• Efficiency: Shrinks all 

boxes
• Clean electricity: 

Cleans up area below 
the electric frontier

• Electrification: Moves 
up the electric frontier

• Other clean fuels: 
Decarbonizes above 
frontier

• Carbon sinks: Offset the 
emissions that remain

https://www.nrel.gov/docs/fy18osti/71500.pdf


Decarbonizing Electricity: Options
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NREL Life Cycle Assessment Harmonization

With 
carbon 
capture

Without 
carbon 
capture

All renewables 
and nuclear have 
far lower life cycle 
emissions than 
any fossil fuel

https://www.nrel.gov/analysis/life-cycle-assessment.html


Wind and solar are least cost

25

Existing
New

Lazard 2021, Unsubsidized levelized cost of electricity

https://www.lazard.com/perspective/levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-hydrogen/


Wind costs have fallen 72%, 
and solar 90% since 2009
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Lazard 2021, Unsubsidized levelized cost of electricity

https://www.lazard.com/perspective/levelized-cost-of-energy-levelized-cost-of-storage-and-levelized-cost-of-hydrogen/


Wind and solar costs down,
nuclear and coal up since 2009
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Nuclear +33%

Coal +1%

Wind -70%
Solar PV -90%

Lazard 2020: https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf

Solar

Wind

https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf


Lithium-ion battery costs

28BNEF 2021: 
https://about.bnef.com/blog/battery-pack-prices-fall-to-an-average-of-1
32-kwh-but-rising-commodity-prices-start-to-bite/

https://about.bnef.com/blog/battery-pack-prices-fall-to-an-average-of-132-kwh-but-rising-commodity-prices-start-to-bite/
https://about.bnef.com/blog/battery-pack-prices-fall-to-an-average-of-132-kwh-but-rising-commodity-prices-start-to-bite/


2014: Renewables, nuclear, and carbon 
capture pathways all seemed plausible
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United States Deep Decarbonization Pathways Project 2014

Nuclear scenario 
modeled to be 
least cost in 
2014

https://usddpp.org/downloads/2014-technical-report.pdf


2020: Solar and wind lead in all
net-zero pathways

30
Princeton, net-zero pathways: https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf

https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf


Land Use for Solar, Wind, and 
Biomass in net-zero scenarios
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Princeton, net-zero pathways: https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf

https://environmenthalfcentury.princeton.edu/sites/g/files/toruqf331/files/2020-12/Princeton_NZA_Interim_Report_15_Dec_2020_FINAL.pdf


Emerging option:
Enhanced geothermal

32
DOE GeoVision



Electrification: 
Shifting the electric frontier

Non-Electricity
____________

Electricity

NREL Electrification Futures Study

Roles for the pillars of 
clean energy:
• Efficiency: Shrinks all 

boxes
• Clean electricity: 

Cleans up area below 
the electric frontier

• Electrification: Moves 
up the electric frontier

• Other clean fuels: 
Decarbonizes above 
frontier

• Carbon sinks: Offset the 
emissions that remain

https://www.nrel.gov/docs/fy18osti/71500.pdf


How homes are heated in U.S. 
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EIA 2015 Residential Energy Consumption Survey

Mostly 
electricity 
in the 
South 
(~60% 
electric in 
Texas)

Mostly 
natural gas 
in Midwest

Mostly 
natural gas 
in West

Mostly 
natural gas 
and fuel oil in 
Northeast

https://www.eia.gov/consumption/residential/reports/2015/overview/index.php?src=%E2%80%B9%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-f3


Transition to electric heat pumps in 
most net-zero strategies
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America’s Zero Carbon Action Plan: https://www.unsdsn.org/Zero-Carbon-Action-Plan

Space heating

Water heating

https://www.unsdsn.org/Zero-Carbon-Action-Plan


Policies can create virtuous cycle of 
technology learning curves

• ↑Production �↓Cost � ↑Production � ….
• “Technology push” policies: RD&D lowers 

cost of a technology (↓Cost)
• “Market pull” policies: Create demand for a 

product (↑Production)
– Procurement: e.g., Government fleet
– Incentives: e.g., electric car tax credits
– Mandates: e.g., California new home solar
– Emissions taxes
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Take-home messages

• Decarbonizing the U.S. is necessary but 
not sufficient for decarbonization globally

• Efficiency, clean electricity, and 
electrification are pillars of clean energy

• Solar, wind, EVs, and heat pumps likely to 
lead the way

• Need to create virtuous cycles of learning 
by doing to drive technologies forward

37


