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Foreword (1/2)

By John P. Holdren

Professor in the Kennedy School of Government, Department of Earth and Planetary Sciences, and John A. Paulson School of Engeering and Applied Science at Harvard
University; formerly (2009 -2017) Science Advisor to President Obama and Director of the White House Office of Science and Techriogy Policy.

December 11, 2020

Long after the terrible challenge of the COVID-19 pandemic has finally been surmounted and (one may hope) greatly improved prepaations for inevitable future
pandemics have been put in place, the climatechange challenge will be marching onasthe2¥cent ur yés most dangerous and intract:

It is the most dangerous of threats because the growing human disruption of climate that is already far along puts at risk practically every aspect of our material well-
beingd our safety, our security, our health, our food supply, and our economic prosperity (or, for the poor among us, the prospects for becoming prosperous).

It is the most intractable of threats because it is being driven, above all, by emissions of carbon dioxide originating from combustion of the coal, oil, and natural gas that
still supply eighty percent of <civilizationods pr i mar gfundamentalygasomsnttte shareseofeledricity and p e
nonelectric energy provided by these fossil fuels cannot be very rapidly reduced, nor can their emissions be easily or inexpesively captured and sequestered away from the
atmosphere.

The index used by climate scientists to characteri ze, obalgaveragaditempelatire of therdimeospheretath €
Earthdés surface. T h &C (2°K) abowe thé valuesatoune the beginairy of uhe 20" cerftury. While that increase may strike one initially as modest, it is
not. Much like the human body temperature, the average surface temperature of the planet is a very sensitive indicator of the gate of a very complex system, with small
changes in the index indicative of major disruptions.

At a mere ’C or so above the average temperature of 120 years ago, the world is experiencing increases in the frequency and intensity déadly heat waves in many
regions; increases in torrential downpours and flooding in many others; large expansions in the annual area burned in regions prone to wildfires (and expansion of wildfires
into regions not previously prone to them); an increase in the power of the strongest tropical storms; expanded impacts of pests and pathogens across large parts of the globe;
disruptive changes in monsoons; other alterations in atmospheric and oceanic circulation patterns that, together with other i mpacts, are affecting agriculture and ocean
fisheries; an accelerating pace of global sedevel rise; and ocean acidification arising from absorption of some of the excesscarbon dioxide in the atmosphere.

The momentum in Earthoés climate system and the inerti a iwforsome timetoygoine; buthow mugly sy
they grow will depend, above all, on the extent and speed with which human society works to reduce the emissions of carbon dixide and other heat-trapping gases, to
remove them from the atmosphere both biologically and technologically, to adapt our infrastructure and practices to the chang esin climate that can no longer be avoided,
and, perhaps, to deploy solarradiation -management technologies to offset some of the heating effect of the heatrapping gasesin the atmosphere (if this approach can be
shown to be safe and at least partially effective).

Most of the global community of nations has long embraced a target of limiting the global -average surface temperature increase® 2°C (3.6°) a b o v e -i tnldeu sit pri
average. (That average was about the same as the value in the period 1880900.) Itis clear that this figure would entail clim atic disruption and impacts considerably greater
than those currently being experienced at just half of that increase. The 2C f i gur e was agreed not because it would be fis
doing much better would be extremely difficult technol odppicrad | yoiamtds @ cplinwmg icrad |t

continues A
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drastically different climate regimes were more likely above 2°C than below; in reality, though, the same argument holds for any other choice of target.) As part of the 2015
Paris Agreement of the Conference of the Parties to the UN Framework Convention on Climate Change, the 2C target was again officially embraced, but a more ambitious,
aspirational target of 1.5°C was added in response to arguments that the likely impacts of 2C, which science has been bringing into clearer focus, would be intolerable.

In the view of most analysts familiar with the technological and economic challenges of very rapid emission reductions, along with the limitations and uncertainties of
natural and technological CO,-removal methods and solar-radiation management, holding the temperature increase to 1.5°C target is very unlikely to be achievable. A large
part of the analytical effort on pathways to deep emissions reduction continues to be focused, therefore, on investigating howv reductions consistent with a 2.0°C target might
be achieved. In any case, though, it is much more important now to focus on what strategies for technological innovation and what policies will move the world more rapidly
onto a deep-reductions trajectory than to try to agree on exactly what ultimate temperature limit the world will be able to stay below.

A larger point related to this last one is that the benefit of any attempt to identify and model pathways into the energy -climat e future is not in predicting the most likely
path on which that future will unfold. It is most improbable that any model will succeed in doing that, given the many respe cts in which the future is simply not predictable.
Rather, models of the ways in which the energyclimate future might evolve are most useful if they can clarify possibilities, using transparent assumptions and algorithms, in
ways that help other analysts, policy makers, and publics understand the consequences of different assumptions and choices ath most importantly, help us all shape
policies and technological-innovation strategies that can be adjusted over time to respond to new realities as they unfold.

It has been clear for two decades or more that, for the industrialized countries to do something approaching a responsible share of a global effort to limit the average
surface temperature increase to 2.0°C, they would need to reduce their emissions of heattrapping gases by 80 to 100 percent by around 2050. Each year that has pased
without countries taking steps of the magnitude needed to move expeditiously onto a trajectory capable of achieving such a gal has increased the challenge that still lies
ahead.

At the same time, observations of actual harm from climate change and a continuing flow of bad news from climate science abou likely future impacts has increased the
sense of urgency in the knowledgeable community, while continuing advances in energy technology have engendered a degree optd mism about what emission reductions
might be possible and affordable. The result has been an increasing flow of (mostly) increasingly sophisticated modeling studes of how emissions of CO, and other heat-
trapping gases might be reduced to near zero by 2050. In the United States, such studies have been conducted by the federgbvernment (not always published), by the
National Academies, by national laboratories, by companies, by universities, by NGOs, and by consortia.
| believe that this Princeton Study, Net Zero America: Potential Pathways, Infrastructure, and Impacts , sets an entirely new standard in this genre. The superb
Princeton teamd led by Eric Larson, Jesse Jenkins, and Chris Grei@ has done an absolutely remarkable amount of new work, developng new models and new data to
provide an unprecedented degree of clarity and granularity about possible pathwaystomid-c e nt ury finet z e r They hhdveanalyzed iechnologicalnt r vy .
possibilities, as currently understobeanefiintgrefatr eet ae d ;\khtidna girspdil@anta prewxf@ssi Hirelkusenst ¢ o
reduced; they have examined the employment consequences of alternative trajectories; and, perhaps most importantly, they hae clled attention to the most important
areas where policy measures are needed to enhance and pr etangingggrowt he nati onds op!
None of the Princeton scenarios wil/l prove to be Ar i ghitward. Eberythodytsarigusiytirieeestedintthe y p
cruci al guesti on o-¢limateHutuse 0 nodleast the nevd BidereHais agnginistration & needs to understand the findings of this extraordinary study.

kkkkk
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This Net Zero America study aims to inform and ground political, business, and societal conversations regarding what it would take for the U.S. to achieve an
economy-wide target of net-zero emissions of greenhouse gases by 2050. Achieving this goal, i.e. building an economy that emitao more greenhouse gases into
the atmosphere than are permanently removed and stored each year, is essential to halt the buildup of climatewarming gases in the atmosphere and avert costly
damages from climate change. A growing number of pledges are being made by major corporations, municipalities, states, and ational governments to reach net
zero emissions by 2050 or sooner. This study provides granular guidance on what getting to netzero really requires and on the actions needed to translate these
pledges into tangible progress.

The work outlines five distinct technological pathways, each of which achieves the 2050 goal and involves spending on energyn line with historical spending as a

share of economic activity, or between46 % of gross domestic product. The aut hdthedinalpathethe magiantakea | as t
will no doubt differ from all of these. A goal of this study is to provide confidence that the U.S. now has multiple genuine paths to net-zero by 2050 and to provide a
blueprint for priority actions for the next decade. These priorities include accelerating deployment at scale of technologie s and solutions that are mature and

affordable today and will return value regardless of what path the nation takes, as well as a set of actions to build key enaling infrastructure and improve a set of

less mature technologies that will help complete the transition to a net-zero America.

With multiple plausible and affordabl e pathways avail ab lsen,the thhiees tsemationeandatd c on v e
myriad stakeholders wish to make to shape the transition to net-zero. These conversations will need to be sensitive to the diférent values and priorities of diverse
communities. That requires insight on how the nation will be reshaped by different paths to net -zero, and the benefits, costs, ad challenges for specific locations,

industries, professions, and communities. Supporting these decisions requires analysis at a visceral, human scale.

The original and distinguishing feature of this Net Zero America study is thus the comprehensive cataloging across all major sectors at high geospatial and temporal
resolution of the energy infrastructure deployments and related capital expenditures required for a net -zero transition. This granularity allows assessing the
implications for land use, employment, air pollution, capital mobilization, and incumbent fossil fuel industries at state and local levels. The high resolution analysis
is aimed at helping inform federal and state policy choices and private-sector decision making in support of a transition to net -zero by 2050.

During the 2+ year research effort, the authors had many informative discussions with individuals in environmental research a nd advocacy organizations, oil and
gas companies, renewable energy companies, national labs, industry trade organizations, universities, and elsewhere. The atiors thank those individuals for their
time and interest. The authors also thank the hundreds of stakeholders who have attended briefings where preliminary study results were presented. The feedback
received as a result of those briefings have helped shape the contents of this report. Of course, any errors or omissions ithis study are the responsibility of the
authors alone, as are any views or recommendations expressed herein.

For funding support, the authors thank the Andlinger Center for Energy and the Environment, BP and the Carbon Mitigation Init iati ve wi t hi n Princetc
Meadows Environmental Institute, ExxonMobil, and the University of Queensland.

4 High Meadows Carbon
w PRINCETON " andlinger center Environmental Mitigation
URNIVERSLIX for energy +the environment RETURN TO TABLE OF CONTENTS Institute Initiative




Project motivation, objectives, and approach

Summary of this section
A A growing number of governments and companies are pledgingnet-zero emissions by 2050. For the US
as a wholeto achieve thisr e qui res el i minating or offsetj/fyjearg t od:

A There is adearth of analysis for understanding requirements, costs, and impacts of this transition.

A The goal of this studyis to help fill this gap by providing insights at visceral, human scales of how the
nation will look following a pathway to net -zero and the localized benefits, costs, and impacts for
different industries, professions, and communities. The analysis aims to inform debates on public and
corporate policies needed to achieve netzero, but specific policy recommendations are not offered.

AEnergy service demands projected to 2050 by the EIA for 14 regions across the continental US provide
the starting point for modeling. Five different pathways are constructed for meeting these demands by
varying exogenously applied constraints to create the different pathways.

A End-use technologies to meet service demands are exogenously specified in-ear time steps to
determine final energy demands that must be delivered by the energy supply system.

A Pathways to net-zero emissions by 2050 are constructed by finding the energy supply mix that
minimizes the 30-year NPV of total energy-system costs, subject to exogenous constraints. The
model has perfect foresight and seamless integration between all sectors.

AThese modeling resul ts ar-statefigdographiasctoalastify focatpantantd at e o
infrastructure investments, construction activities, land -use, jobs, and health impacts, 2020- 2050.
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A dozen states have pledged netero by 2050 (and counting)

. Statute . Executive Order

021

Legislation introduced
in both houses of
US Congress

The Clean Economy Act /2020

NET-ZERS
EMISSIONS
"2050

Last updated September 6, 2021. Sourcehttps://www.c2es.org/content/state -climate-policy/
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The number of companies pledging net-zero by 2050 Is growing.

Electric Utilities Qil& Gas * Materials Airlines
¢ XcelEnergy: % PSEG l= . REPSOL V ADELTA \AOANTAS
VALE

llllllllllllllllllll

DTE Energy’

jetBlue
[5 DUKE - *
% ENERGY. % HEIDELBERGCEMENT

? Dominion

= o0

For others, seehttps://sepapower.org/utility - *These companiesd pledges include
transformation -challenge/utility -carbon-reduction -tracker/ scope 3 emissions.
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