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Warming depends on the emissions path

Figure at NECIA, 2007 (see: www.climatechoices.org/ne/) , shown by James McCarthy, Harvard

Thirty year changes for 
Massachusetts for two paths:

2010-2039: 
Done!

2040-2069: 
Princeton vs. Washington

2070-2099: 
Baltimore vs. South Carolina

This graph probably shows how winters 
could feel too (to be verified).

http://www.climatechoices.org/ne/


Above 410 for the first time last month



Antarctic CO2 and temperature vary together

CO2 today



A single big idea

We are confronting one overarching, counterintuitive, new idea: 
Human beings are able to change the planet at global scale.

This new idea is unwelcome. We wish we lived on a larger planet.

We must all agree on at least this much.



Cumulative emissions and temperature

1oC will result from anthropogenic CO2 emissions to date. 

2oC results from future emissions equaling historic emissions. 
It is the most discussed target. 

3oC will result from roughly tripling the historical total. 
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More than a century 

The probability is about 1/6 for both:

getting 3oC while aiming for 2oC (being unlucky) 
getting 2oC while aiming for 3oC (being lucky).



Carbon budgets
O GtCO2                              1600 3200                           4800
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More than a century 

If we were not confronting climate change, the era of 
fossil fuels (coal, oil, and gas) could last hundreds of years. 
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Add one rectangle: 
40 billion tCO2/yr* 40 yrs
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Budgets demand choices

The budget concept leads inexorably to choices about which 
fossil fuels to extract and which to leave in the ground:

When?   Better options someday?
Whose?   Geopolitical stability
Used where? “Fairness”
For what purpose? Who judges?
Which fossil fuels? Those with the highest H/C ratio?

Judgments about which fossil fuels are 
“unburnable” have no precedents. 



Stabilization wedges… in 2004 

2011 Kentucky Derby, AP Photo/Matt Slocum. https://www.cbsnews.com/pictures/2011-kentucky-derby/7

Slide pair from Greta Shum, Andlinger Center, Princeton University
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Stabilization wedges… in 2018 

Melbourne Cup, The Foreign Correspondents‘ Club, Hong 
Kong. https://www.fcchk.org/event/melbourne-cup



SOLAR AND WIND
Plummeting costs are the most exciting development in the 
past decade. The world placed a big bet, and it paid off. A 
swap of the current fossil fuel system for an energy system 
dominated by solar and wind no longer seems fanciful.

Obstacles:
1. Ramping requirements
2. Intermittency and unpredictability 
3. Long periods of low power output (long lulls).

Solutions:
1. Demand-side management
2. Transmission investments
3. Back-up power
4. Storage



Solar power helps the summer peak, but…

LOAD 
SHEDDING



Off the Atlantic shore

Plan regionally. E.g., promote offshore trunk lines.
Avoid boom and bust by too fast a rush. 
Bottlenecks are everywhere and can be avoided.



What’s ahead



Wind farms out of sight

Source: http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion, New York Times, 
October 3, 2008.

Offshore New Jersey: 96 turbines, 346 MW, 16 to 20 miles 
from coast. $1 billion project. Power “starting in 2013.”

http://www.nytimes.com/2008/10/04/nyregion/04wind.html?ref=nyregion


LOW-CARBON FOSSIL FUEL

Encourage Carbon Capture and Storage (CCS), 
which expands CO2 emission budgets

Resist ideological opposition to fossil fuels.
The great is the enemy of the good.

The new federal subsidy, “45Q,” will stimulate CCS.



CCS is already well known

Natural gas purification by CO2
removal, then CO2 pressurization 
for nearby injection

Amine contactor towers

“45Q,” a new U.S. subsidy: EOR ($35/tCO2), aquifer-CCS ($50/tCO2).

BP’s CCS Project in In Salah, Algeria



EFFICIENCY

Major gains are possible in every sector.

Residential and commercial buildings and  their appliances
have particularly  large potential.

1. Measure! It’s the key to learning.
2. Protect the poor via lifeline rates (low unit cost for 

first block).
3. Use spot-market prices to enable “smart” 

residential and commercial buildings everywhere.
4. Pursue deep retrofits of public housing.
5. Upgrade the appliance stock (cash for clunkers).
6. Don’t be distracted by “net-zero” buildings.



Efficiency and Conservation

transport

information
industry power

buildings



In the U.S., 70% of power-plant electricity 
goes to buildings. 

Shown: Yanjiao, China

Less demand for heating, cooling, appliances – fewer power plants.

Most new “committed emissions” are in the developing world.



INFRASTRUCTURE
Assure that the national priority of “infrastructure” gives 
significant priority to electricity and natural gas.

1. Electricity
a. Encourage the smart grid. 
b. Anticipate the demand for charging stations.

2. Natural gas
a. Plan regionally
b. Find the leaks – in distribution systems and buildings.*

* Natural gs is mostly methane, the #2 greenhouse gas.



Legacy: National Highway System



Legacy: U.S. Power Plants

Source: Benchmarking Air Emissions, April 2006. The report was 
co-sponsored by CERES, NRDC and PSEG. 



U.S. power plants are old

Issues: Retirement, 
relicensing, retrofit, 
repowering, grandfathering,



NUCLEAR POWER
It’s about aging plants:

1. “Too big to fail,” but they will be closed and, it seems, 
not replaced. So states must plan!

2. Aggressive use of dry-cask storage needs to be 
required to reduce risks of accidents at spent-fuel 
storage in pools

3. They age differently from all other facilities because 
neutron bombardment embrittles metals. Demand 
third-party inspection of all plants that close.



Fission Power – with Dry Cask Storage

Site: Surry station, James River, VA; 1625 MW since 1972-73,. Credit: Domin  



CARBON PRICES

Pay attention to how big the prices are, whether via a 
tax or cap-and-trade.

Resist tokenism: a lot of effort and a very low price.

The point is to drive action.



A carbon price of $100/tCO2

Upstream, the impacts are particularly dramatic. $100/tCO2 is: 

$40/barrel of oil
$5/million Btu of natural gas

$200/ton of high-quality coal. 

Downstream, percent increases in prices are smaller. $100/tCO2 is:

$0.80/U.S. gallon of gasoline 
$0.08/kWh electricity from coal 
$0.04/kWh electricity from natural gas. 



WORK TOGETHER
1. The wonderful briefing document I was sent made 

me feel like Alexander Hamilton. 
So many independent actors!

2. Share best practices, much as the world’s nations 
are committing to do as they implement the Paris 
Agreement. 

A pot-luck dinner: bring your best dishes, look at 
what others bring and copy what you like. A race to 
the top.

3. Protect what’s special: wilderness, landscapes,…



Recommendations

1. Efficiency, efficiency, efficiency

2. Use spot-market prices to enable “smart” residential 
and commercial buildings everywhere. 

3. Assure that the national priority of “infrastructure” 
features the smart electricity grid.

4. Act collectively to prevent boom and bust for off-
shore wind. Expect it to be big.

5. Plan ahead for the closing of nuclear plants.
6. Require investments at nuclear plants for spent-fuel 

safety.

7. Think regionally.



DISTILLATES



The Andlinger Distillates:
#1 Grid-scale storage



The Andlinger Distillates:
#2 Small Modular Nuclear Reactors



The Andlinger Distillates:
#3 Nuclear Fusion



The Andlinger Distillates
#4 Solar Power
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