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Outline 

History lesson:  an unheralded revolution in energy technology. 

Subsidies worked in otherwise free markets to reduce the cost of net-zero 
technology and made implementation economically and perhaps politically 
feasible. 

A policy manual for a fair, just, feasible and economic transition to net-zero in the 
US from the National Academies of Science, Engineering and Medicine (2021).

Examples from Princeton Net-Zero America Project (NZAP 2020)
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Q:  Why did we focus only on getting started along a path to ~3 
degrees?    A:  We didn’t have the technology to do anything else.

Net-zero Plan
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IPCC 1.5 Degree Report

(Biomass Energy with Carbon Capture and Storage)

(Agriculture Forestry 
and other Land Use)
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Why did the goal posts move?

1. There is no nearby tipping point, as far as we 
know, but excess CO2 in the atmosphere is known 
to be dangerous right now.
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Why did the goal posts move?

2. The technology got cheaper, making the cure 
feasible.
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Slide pair: courtesy of Greta Shum, Andlinger Center, Princeton University

Most promising options… in 1990

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

Avoided 
Deforestation

Wind/Solar

Efficiency

Afforestation
Reforestation

Biofuels

Nuclear

The Start

Hydrogen
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Non-emitting energy sources were either limited (hydro) or 
expensive.  But subsidies were in place across the board.  They 
created markets for wind, solar and unconventional gas, that 
would not have existed otherwise.
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http://solarsouthwest.co.uk/solar-panel-cost/

During the last ten years alone, the 
cost of:

Solar declined 90%.

Wind declined 70%.

Lithium ion batteries declined 85%

NASEM 2021



Most promising options … in 2020

Wind/Solar

Land-
based 

Negative 
Emissions

Efficiency

Avoided 
Deforestation

Transport 
batteries

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

Gas+CCS Nuclear

Back Straight
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Outline 

History lesson:  an unheralded revolution in energy technology. 

Subsidies worked in otherwise free markets to reduce the cost of net-zero 
technology and made implementation economically and perhaps politically 
feasible. 

A policy manual for a fair, just, feasible and economic transition to net-zero in 
the US from the National Academies of Science, Engineering and Medicine.

Examples from Princeton Net-Zero America Project (NZAP 2020)
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Accelerating Decarbonization of the U.S. Energy 
System Stephen Pacala (Chair)

February 2, 2021#USDecarb
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Report Scope
Federal actions over the next ten years to put the US on a fair and 
equitable path to net-zero in 2050.

Sectors considered include CO2, transportation, electricity, industry, 
buildings, and biofuels.

Not asked to determine whether the nation should move to net zero, 
only how to get there.  Other GHGs, sinks created by forestry practices, 
and cropping practices that enhance soil carbon are not discussed in 
detail.

This report is broadly compatible with recent announcements from the 
Biden Administration.  It was developed by an expert panel without 
prior consultation with the Administration.

nap.edu/decarbonization
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Lessons Learned from 
Review of Previous Studies

NASEM 2021
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Projected energy 
costs during the next 
30 years would be less 
than we spent over 
the past 30.

$200 billion 
cumulatively in the 
2020’s.

Less than the health 
benefit alone.

1. Deep decarbonization is feasible and economic.

Decarbonization Paths Compared to Historical Energy Spending

NASEM 2021
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20302030 Installed capacity
• Solar: 0.37 TW
• Onshore wind: 0.41 TW
• Offshore wind: 0.005 TW
• Transmission: ~430,000 GW-km

(1.3x 2020 level)

Transmission
Capacity (GW)

, thickness does not reflect capacity

Transmission expansion is 
visualized along existing rights of 
way (>160 kV); paths are 
indicative, not definitive.

Spur lines from solar and wind 
projects to substations are not 
shown here, but are included in 
estimated total GW-km above.

Wind and solar projects in 2030, plus new (post-2020) transmission, E+ 
scenario with Base siting availability
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2050

Transmission
Capacity (GW)

2050 Installed Capacity
• Solar: 1.6 TW
• Onshore wind: 1.3 TW
• Offshore wind: 0.2 TW
• Transmission: ~690,000 GW-km 

(2.2x  2020 level)

Spur lines from solar and wind 
projects to substations are not 
shown here, but are included in 
estimated total GW-km above.

, thickness does not reflect capacity

Transmission expansion is 
visualized along existing rights of 
way (>160 kV); paths are 
indicative, not definitive.

Wind and solar projects in 2050, plus new (post-2020) transmission, E+ 
scenario with Base siting availability
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Example area detail: St. Louis, MO
2050 E+ wind and solar farms (Base site availability)

20

80 MW wind facility
(generic future facility)

500 MW solar facility
(generic future facility)

(dots indicate approximate turbine footprint)



Coal power plant
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E+

REF

100,000 premature 
mortalities are 
avoided, 2020 to 
2050, due to 
reduced NOx, SO2, 
and PM2.5 emissions 
from coal plants.

$930B in air pollution 
benefits, 2020 to 2050

2020 2025 2030 2050

0 190

Premature deaths per 
county (log scale)

Note: Additional analysis 
forthcoming on air quality 
impacts of vehicle 
electrification and natural 
gas transitions.

Air quality improves dramatically.  About 100,000 air pollution-
related deaths (~$930B in damages) are avoided. 

REF E+ REF E+
NZAP 2020



Lesson learned 2: 
Deep decarbonization could revitalize U.S. 
manufacturing and increase employment

Technology deployment to achieve a 
net-zero emissions energy system could 
revitalize multiple U.S. economic 
sectors and provide up to 1-2 million 
net new jobs over the next decade.

NASEM 2021
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Annual energy-related employment grows substantially in most 
states, but net declines in five fossil extraction states

Solar- and wind-related jobs 
account for most of the 
growth in most states.

Assumes manufacturing follows historic patterns; changes in spatial deployment could offer opportunities to ameliorate 
losses in fossil extraction states.

ND

LA

WY

KY
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TX

WV MD



Proactive Job Creation

Many more communities gain than lose.

Zero-carbon industrial hubs in communities 
currently rich in fossil jobs? 24



Lessons learned 3:
Decarbonization policies must ensure a fair and equitable 
transition with public participation in decision making

NASEM 2021

≠
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Lessons learned 4:
Deep decarbonization requires immediate action

Long-lived assets must be replaced by 
net-zero alternatives when they reach 
the end of their life cycle.

Actions required during the first ten 
years are robust to uncertainty about 
the final make-up of the energy 
system.

Lifetimes of Energy Assets 
(Adapted from IEA, 2020a)

NASEM 2021
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Solar and wind generated electricity have dominant roles in all   net-zero 
pathways
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No political fight now.
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Lessoned learned 5:
Expansion of RDD is essential

Net-zero alternatives for some 
sectors are still pre-commercial, 
including aviation, shipping, steel, 
cement, and chemicals 
manufacturing.

NASEM 2021
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Key Findings and Recommendations
from the Report

NASEM 2021
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Technology Goals
Electrify energy services in 
transportation, buildings, and 
industry

Examples include moving half of vehicle sales (all classes 
combined) to EV’s by 2030, and deploying heat pumps in 
one quarter of residences.

Improve energy efficiency and 
productivity 

Examples include accelerating the rate of increase of 
industrial energy productivity (dollars of economic output 
per energy consumed) from the historic 1% per year to 3% 
per year. 

Produce carbon-free 
electricity

Roughly double the share of electricity generated by 
carbon-free sources from 37% to 75%.

Expand the innovation 
toolkit

Triple federal support for net-zero RD&D. 

Plan, permit, and build critical 
infrastructure

Examples include new transmission lines, an EV 
charging network, and a CO2 pipeline network. 

NASEM 2021
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2050 totals: 18,000 km trunk lines + 89,000 km spur lines 
(equivalent to ~17% of US natural gas transmission pipeline total)

E+ scenario2050• ~1,000 million tCO2/y captured
• ~930 million tCO2/y stored 

subsurface by 2050

• Average transport and storage cost 
of $23/t CO2

• On a volume basis (at reservoir 
pressure), CO2 flow in 2050 is 1.3x 
current U.S. oil production and ¼ of 
current oil + gas production.
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2050

Transmission
Capacity (GW)

2050 Installed Capacity
• Solar: 1.6 TW
• Onshore wind: 1.3 TW
• Offshore wind: 0.2 TW
• Transmission: ~690,000 GW-km 

(2.2x  2020 level)

Spur lines from solar and wind 
projects to substations are not 
shown here, but are included in 
estimated total GW-km above.

, thickness does not reflect capacity

Transmission expansion is 
visualized along existing rights of 
way (>160 kV); paths are 
indicative, not definitive.

Wind and solar projects in 2050, plus new (post-2020) transmission, E+ 
scenario with Base siting availability



Socio-Economic Goals
Strengthen the U.S. 
economy

Use the energy transition to accelerate US innovation, 
reestablish US manufacturing, increase the nation’s global 
economic competitiveness, and increase the availability of 
high-quality jobs.

Support communities, businesses, 
and workers

Proactively support those directly and adversely affected 
by the transition

Promote equity and 
inclusion

Ensure equitable distribution of benefits, risks and costs of 
the transition to net-zero. 

Integrate historically marginalized groups into decision-
making by ensuring adherence to best practice public 
participation laws. 

Ensure entities receiving public funds report on leadership 
diversity to ensure non-discrimination.

Maximize 
cost-effectiveness

NASEM 2021 34



Policy Recommendations Table

Report contains 30 near-term policy 
recommendations across 4 main categories.

This presentation covers 12 of these 
recommendations.

View full policy table at 
nap.edu/decarbonization-policies
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Essential and 
Highest PriorityKey System-Wide Actions for the Next 10 Years Important Supporting Role
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Program to promote a fair a and equitable transition:

Ten regional centers

Community block grants for analysis and planning

DOE “extension service”

Independent National Transition Corporation (the primary 
distributor of aid)

Extensive education and training program

White House Office of Equitable Energy Transitions
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Key Sector- and Community-Specific Strategies
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Plans for Second Report
Decisions on topics and structure of second report guided by task statement 
and informed by committee’s discussions.

Topics might include:
• agriculture and forestry carbon sinks
• greater sector-specific detail 
• broader range of policy actors (state, local, private sector, non-governmental organizations)
• national security implications
• Granular jobs plan and health impacts analysis

40



Thank you!
Download the report and report resources at 
nap.edu/decarbonization

Full table of policies at:

• https://www.nap.edu/resource/25932/interact
ive/table/index.html#top

Interactive summary at:

• https://www.nap.edu/resource/25932/interact
ive/
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Most promising options … in 2050 

Wind/Solar

Fusion
Photochemical 

fuels

Grid-scale 
storage

Direct Air 
Capture

Efficiency:
Electric 

Transport 
and Heat

Hydrogen for Synfuels 
and  Industrial Heat

Land-based 
Negative 

Emissions

Photo by Joe LewnardHome Stretch

Nuclear 
and 

Gas+CCS
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