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Engineering 0
in the service
of humanity

As | reflect on joining Princeton University's engineering school 100 years after
its founding and in a year of enormous global challenges, | have great optimism.

Why?

| see an inflection point: An amazing history
coming together with forward-looking initiatives
to set us up for decades — indeed, another
century — of delivering the kind of transfor-
mative, integrated innovations humanity so
urgently needs.

Let’s look at the history for a moment. The
engineering school started in the early 20th
century as Princeton University was emerging
as a powerhouse of math and physics. Albert
Einstein arrived to help form the neighboring
Institute for Advanced Study. Alan Turing *38,
the founder of computing, came to Princeton
to work with eminent mathematicians and
complete the Ph.D. thesis that brilliantly
conceived the core concepts of what was
to become computer science. With these
pioneers, Princeton established a culture and
tradition that continues today: Dig deep into
the most fundamental questions from which
revolutionary insights and discoveries will
emerge.
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Another Princeton tradition is equally import-
ant. Long before the University adopted its
informal motto calling on us all to be “in the
service of humanity,” the School of Engineering
was formed with that very purpose. The group
of alumni who urged Princeton to create the
school (note the critical role of alumni) wrote
in the Princeton Alumni Weekly: “An engineer
may be considered as an applier of science for
the benefit of mankind. That function implies
an equal understanding of science on the one
hand, and of human needs and trends on the
other.”

These alumni had a clear vision of the
impact that a strong engineering school in the
heart of a great liberal arts university could
have. Indeed, our faculty, students, and alumni
built entire fields and innovations that are now
common in our everyday lives. After Turing,
the fields of computing, networking, wireless,
and artificial intelligence, and now quantum
computing, have all grown and flourished at
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Princeton. Robert Kahn, who earned his Ph.D.
at Princeton in 1964, is known as the “father
of the internet” for co-inventing the communi-
cations protocols the internet still uses today.
Princeton engineers, both faculty and alumni,
have pioneered major advances in aerospace,
energy and the environment, materials sci-
ence, biological engineering, and other areas
central to modern life. The profound contribu-
tions of our faculty are recognized with robust
representation in the national academies of
engineering and sciences, MacArthur “Genius”
grants, a Nobel Prize, and many other honors.

Innovation, entrepreneurship, and leadership
have been vital parts of bringing the depth and
breadth of Princeton engineering to the world.
Jeff Bezos '86 founded Amazon, and Eric
Schmidt '76 led Google through its greatest
period of growth. Eli Harari, who earned his
Ph.D. in mechanical and aerospace engineer-
ing in 1973, pioneered the creation of flash
memory when he founded SanDisk in 1988.
Frances Arnold '79 won a Nobel Prize and Lisa
Jackson *86 directed the U.S. EPA. Today,
the list of successful founders and innovators
among faculty and alumni is long and impres-
sive, as is the list of alumni leaders in aca-
demia, business, and public service.

That storied history brings us to an exciting
place as we move boldly into the next century.
As dean, | am excited to grow the engineer-

Cities
“The big question that motivates the

Metropolis Project is: How will technological

breakthroughs shape the 21st-century

metropolis, and how can Princeton shape

these breakthroughs to make cities more

sustainable, resilient, livable, and equitable?”

~ Elie Bou-Zeid,
Professor of Civil and Environmental
Engineering

ing school significantly and ensure our place
at the forefront of creating the knowledge,
innovations, and next generations of leaders
our society needs. We are in a unique position
to strengthen and leverage our connections

to the liberal arts and to Princeton's leader-
ship in public policy as we drive forward major
initiatives in bioengineering, robotics, the
future of cities, data science and quantum
computing, and our continuing investments in
high-impact work in energy and the environ-
ment (see brief highlights in these pages). We
also are boosting our innovation ecosystem by
increasing our engagement with industry and
fostering more entrepreneurship. To support
these initiatives and deepen our connections
across campus, we are building an entirely
new engineering neighborhood (see p. 6) that
will provide a foundation for decades of growth
and impact.

Key to this vision for an engineering school
truly in the service of humanity is the diver-
sity of our community. We cannot create and
harness technology that benefits everyone
without the broad perspectives and skills of
a diverse community. | mentioned Princeton
alumnus Alan Turing earlier — a person whose
breathtaking innovations literally saved lives
as he broke codes in World War Il, and who
died as a result of grotesque discrimination.
My experience as an academic, entrepreneur,

Robotics

“At Princeton we are

uniquely positioned to
take a holistic view of
robotics and cyber-
physical systems in
service to society, with
an eye toward large-
scale impact and long-
term safety. We are
preparing our students to
be creative and thought-
ful future leaders who
leverage their

training and experience
in service to humanity.”

~ Naomi Leonard '85,
Edwin S. Wilsey Professor
of Mechanical and
Aerospace Engineering



Innovation and Entrepreneurship
“What is unique about innovation at Princeton

Quantum

Computing
“Princeton has world is the convergence of science, engineering,
leaders at all layers of liberal arts, and the social sciences, combined
quantum technology, with our commitment to inclusion. So when

including foundational we think about innovation, we inherently put

materials science, device
engineering, computer
architecture, algorithm
design, and computation-
al complexity. The Princ-
eton Quantum Initiative
gives us an entity which
brings everyone together
to accelerate the pace of
discovery.”

~ Andrew Houck '00,
Director of the Princeton
Quantum Initiative and
Professor of Electrical and
Computer Engineering

and leader has convinced me that the engi-
neering profession cannot reach its full poten-
tial without forging a culture that embraces all
talented contributors and allows them to reach
their full potential. | am proud that among my
three most recent predecessors as dean — all
of whom have made profound contributions in
their fields — two have been women. As we
work within the school toward a truly diverse
and inclusive community, we are not yet where
we need to be, but we are making progress
and seek to serve as a role model to other
engineering schools and the profession in this
endeavor.

Since | started as dean last September,
| have been meeting with every engineering
faculty member as well as many other facul-
ty members and leaders across Princeton.
Coming from Stanford and as a founder of two
companies myself, | am impressed by the en-
trepreneurial spirit of the engineering faculty,
as well as the support of the Princeton lead-
ership for the school’s aspirations. Students
also are responding; more than a quarter of
undergraduates at Princeton are now majoring
in engineering.

the human experience first.”

~ Rod Priestley,
Princeton University Vice Dean for Innovation
and the Pomeroy and Betty Perry Smith
Professor of Chemical and Biological
Engineering

| also am impressed by how collegial and
collaborative the faculty are, and how easily
they work across disciplinary boundaries. |
hear faculty and their students saying the
collaborative culture in engineering has
allowed them to accomplish more than they
ever expected. These are modern engineers —
excellent in their disciplines, but also fearless
in collaborating across fields and with industry
to create technology that improves lives and
tackles complex societal problems.

In this magazine, we celebrate our 100-year
anniversary not to look backward, but to har-
ness our history to build a better world going
forward, which is the optimistic essence of
engineering. Please join us and share with us
your own stories of how you are using engi-
neering and technology to serve humanity.

Andrea Goldsmith

Dean

Arthur LeGrand Doty Professor
of Electrical Engineering



Data Science

“Data science influences our daily lives and
society as a whole in profound ways. At
Princeton, research and teaching in data
science have undergone unprecedented growth
over the past six years, touching nearly every
corner of campus. We have an opportunity
and responsibility to bring our deep and broad
expertise together to shape the field for good.”

~ Jennifer Rexford '91,
Chair of the Department of Computer
Science and the Gordon Y.S. Wu Professor
in Engineering

Bioengineering

“A century from now, scientists looking back
will see how little we knew in this moment.
Our mission at the Princeton Bioengineering
Initiative is to push that knowledge forward,
to transform the life sciences through quanti-
tative reasoning and to develop bioengineered
technologies that revolutionize the future.”

~ Cliff Brangwynne,
Director of the Princeton Bioengineering
Initiative and the June K. Wu 92 Professor
of Chemical and Biological Engineering

Photo of Rod Priestley by Geraldo Puglia; photo of Andrew Houck by Frank Wojciechowski; photo of Jennifer Rexford by David Kelly Crowy; photo of Cliff Brangwynne by Sameer A. Khan/Fotobuddy



“The imagination of
the engineer is equal
to that of the novelist,

the artist, the poet or : ! e1do ol teenrd
the preacher..” it is aomet!ung I do because of my mscarﬂch p:

- Arthur Greene, founding dean
of the School of Engineering - William Massey
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“We have a small engineering school which
must flourish in the framework of a small, liberal,
= 15 excellent university. That I regard as an advantage.”

Who was the
ﬁrs‘toI; ;::kl_: tLudcm Wes I ey

to earn a doctorate H H
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- Dean Robert Jahn, 1971
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To know where we’re headed, it helps to understand where we came from.

Throughout the year of Princeton Engineering’s

100-year anniversary, we are highlighting

100 facts about our past, present, and

plans for the future. We are highlighting the
amazing people who have brought us to
where we are, and who are propelling us into
the next century of harnessing science and
creative thinking for society. Be sure to follow
us on Instagram at @eprinceton so you won’t
miss a single fact.

Princeton Engineering has nurtured
students’ foundational knowledge and prob-
lem-solving skills since our formal creation
under Dean Arthur Greene in 1921. But our
history goes back 50 years earlier, starting
with Charles McMillan creating the civil
engineering department in 1875, and the
electrical engineering department started by
Cyrus Brackett in 1889.

*18

Our E100 series looks at how Princeton
engineers made it possible to create the
computer and the internet, wireless
networks, the modern helicopter, and many
other innovations. We discuss the professors
who played a key role in constructing the
Golden Gate Bridge; the alumnus who
founded an online bookstore called Amazon;
the alumna who won a Nobel Prize in
Chemistry; and much more.

Today we are in the midst of major growth
for the next century of groundbreaking
advances for humanity. You'll find a few details
of those plans in this magazine but please
join us online to learn more about our school’s
big next steps. And we look forward to hearing
your own stories about the history and future
of Princeton Engineering. We’ll see you on
Instagram. E

“Having a supportive and knowledgeable advisor
means being able to make progress every week,
which is the best motivation for any graduate student.”

- Julie Kim

Follow our
E100
campaign
online

by Aaron Nathans




University

to create
neighborhood for
engineering and
environmental
science

Building on its commitment to science in service
to humanity, Princeton University will expand
research and teaching facilities for engineering and
environmental science in an arc along Ivy Lane

that connects to new facilities for computer science
at Washington Road. The expansion will create a new
campus neighborhood that more closely connects engineering
with the rest of campus, including the natural and social
sciences, the humanities, and public policy. The proximity of
key collaborators also amplifies connections between the
growing fields of bioengineering, data science, and environ-
mental research and creates a center of gravity for convening
diverse experts and innovators across and beyond the
University to address critical societal needs.

“It is really designed around connectivity," said University
Architect Ronald McCoy.

The four initial buildings scheduled to open late in 2024 —
environmental science, bioengineering, chemical and biological
engineering, and an engineering commons — will be terraced
into the hillside between Prospect Avenue and Ivy Lane
currently occupied by faculty and staff housing and parking lots
behind the eating clubs. Longer-term plans include a building
for the Department of Electrical and Computer Engineering
and then spaces for other engineering departments as well as
programs central to the school's mission.

The new buildings, all connected underground in one contin-
uous sequence, will maintain distinct identities for disciplines
while allowing for strong connections among them and carefully
integrating into the University’s traditional architecture and
landscaping.

“It's about making community,” McCoy said. “We have creat-
ed many social spaces, gathering spaces, whiteboard spaces,
lobby spaces that bring people together.”

The neighborhood will include sunken courtyards and path-
ways and provide strong connections to nature and outdoor
6

spaces. At the western end of the arc, across Washington
Road, historic Guyot Hall will be rebuilt and substantially
expanded to create a new home for computer science. The
project, funded by a gift from Eric Schmidt '76 and Wendy
Schmidt, will consolidate computer science, which is
currently spread over multiple buildings, as well as the Center
for Information Technology Policy and the Center for Statistics
and Machine Learning. The facility will be named Eric and
Wendy Schmidt Hall and the Guyot name (from Arthur Guyot,
Princeton’s first professor of geology and geography) will be
recognized in new space associated with environmental
science.

Together, the buildings set the stage as the School of
Engineering and Applied Science moves into its second century
of research and teaching, McCoy said.

“When we spoke to the faculty they were really clear: ‘We
need better space and we need more of it These are state-
of-the-art, flexible, and highly functional teaching and research
spaces, and they are sized to accommodate the growth of
the school.” - by the Office of Engineering Communication



Prospect Ave.

vy Lane

Shown above are artists’ illustrations of the
new neighborhood. The map shows the loca-
tion of the new computer science facility in
Eric and Wendy Schmidt Hall, as well as new
facilities for environmental sciences (ES),
bioengineering (BioE), and the departments
of Chemical and Biological Engineering (CBE)
and Electrical and Computer Engineering
(ECE). (lllustration by Princeton University)

BALIQ WNIPEIS




The nearly finished central
arch awaits its last brick.
Like the entire LightVault
structure, the central arch
is constructed without
any scaffolding or other
external supports. The
two industrial robots take
turns placing a brick and
supporting the structure,
working from one side

to the other. (Photo by
c.r.e.A.te Laboratory, Isla
Xi Han and Edvard Bruun)

ROBOTS AND HUMANS COLLABORATE TO
REVOLUTIONIZE ARCHITECTURE

Two Princeton researchers, architect Stefana
Parascho and engineer Sigrid Adriaenssens,
dreamed of using robots to simplify construc-
tion, even when building complex forms.

“We want to use robots to build beautiful
architecture more sustainably,” said Adri-
aenssens, an associate professor of civil and
environmental engineering and the director of
the Form Finding Lab.

So in March 2020, the professors partnered
with architecture and engineering firm Skid-
more, Owings, and Merrill (SOM) to create a
striking and unique installation for the SOM
exhibition “Anatomy of Structure” in London.
They used two industrial robots provided by
U.K.-based Global Robots to build a breath-
taking vault, 7 feet tall, 12 feet across, and
21 feet long, constructed of 338 transparent
glass bricks from Poesia Glass Studio.

Critically, the LightVault reduced resource
use in two ways: eliminating the need for
forms or scaffolding during construction; and
improving the vault’s structural efficiency by
making it doubly curved, which reduced the
amount of material required. These were only
possible because of the robots’ strength and
precision.

“I try to find out what robots can do that
humans cannot do well,” said Parascho, an
assistant professor of architecture at Prince-
ton who developed the idea behind the robotic
assembly of the vault. Parascho is the direc-
tor of c.r.e.A.te Laboratory Princeton, where
c.r.e.A.te stands for “computation and robotics
enabling Architectural technologies.”

“My work is not trying to replace human
labor by automating it, but to increase the
possibilities for architecture by using robots
for tasks that humans are rather bad at,”
she said. “For example, holding a 3-kilogram
[7-pound] brick for seven minutes — without
moving, to allow the glue to dry — is very hard
for humans to do.”

“Robotic construction opens up a number
of design and building opportunities where ro-
bots complement human work,” said Alessan-
dro Beghini, an associate director and senior
structural engineer at SOM, who collaborated
on the LightVault. “Robots could be leveraged
in places where it would be dangerous for
people to work or where access to humans is
difficult.” — by the Office of Communications



ALGORITHMS UNCOVER CANCERS’ HIDDEN GENETIC LOSSES AND GAINS

Understanding the specific mutations that
contribute to different forms of cancer is
critical to improving diagnosis and treatment.
But limitations in DNA sequencing technology
make it difficult to detect some major muta-
tions often linked to cancer, such as the loss
or duplication of parts of chromosomes.

Now, methods developed by Princeton
computer scientists will allow researchers to
more accurately identify these mutations in
cancerous tissue, yielding a clearer picture of
the evolution and spread of tumors than was
previously possible.

Losses or duplications in chromosomes are
known to occur in most solid tumors, such
as ovarian, pancreatic, breast, and prostate
tumors. As cells grow and divide, slip-ups in
copying and separating DNA can also lead to
the deletion or duplication of individual genes
on chromosomes, or the duplication of a
cell’s entire genome — all 23 pairs of human
chromosomes. These changes can activate
cancer-promoting genes or inactivate genes
that suppress cancerous growth.

“They’re important driver events in can-
cer in their own right, and they interact with
other types of mutations in cancer,” said Ben
Raphael, a professor of computer science who
co-authored the studies with Simone Zaccaria,
a former postdoctoral research associate at
Princeton. Zaccaria is now the group leader of
the Computational Cancer Genomics Lab at
the University College London Cancer Insti-
tute.

Although medical science has recognized
the mutations as critical parts of cancer de-
velopment, identifying these losses or duplica-
tions in chromosomes is difficult with current
technology. That is because DNA sequencing
technologies cannot read whole chromosomes
from end to end. Instead, the technologies
allow researchers to sequence snippets of the
chromosome, from which they assemble a pic-
ture of the entire strand. The weakness of this

method is that it cannot easily identify gaps in
the DNA strand or areas of duplication.

To address this problem, Raphael and
Zaccaria created new mathematical tools that
allow scientists to search the vast collection
of DNA snippets and uncover whether there
are either missing pieces or duplicates. The
algorithms, dubbed HATCHet and CHISEL,
are described in detail in separate publica-
tions in Nature Communications and Nature
Biotechnology.

Raphael’s research group has multiple
collaborations with cancer researchers who
are beginning to apply the HATCHet and
CHISEL algorithms to sequences from various
types of patient samples and experimental
models. — by Molly Sharlach

Princeton computer scientists developed new methods to more accurately identify losses or
duplications in chromosomes in cancerous tissue. Brain cancer chromosome image by Thomas
Ried, NCI Center for Cancer Research, National Cancer Institute, National Institutes of Health.
(Graphic by Neil Adelantar)
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FLIPPING LIGHT ON-OFF TURNS BACTERIA INTO CHEMICAL FACTORIES

Researchers at Princeton University have
created an improved way to more precisely
control genetically engineered bacteria: switch-
ing the lights on and off. Working in E. coli, the
researchers developed a system for controlling
one of the key genetic circuits needed to turn
bacteria into chemical factories that produce
valuable compounds such as the biofuel
isobutanol.

“All you need is illumination,” said José
Avalos, an assistant professor of chemical and
biological engineering and the Andlinger Cen-
ter for Energy and the Environment, and senior
author of the findings, published in Nature
Chemical Biology. “There are lots of potential
benefits, one of them being the ability to easily
tune and reverse the induction signal.”

Princeton University researchers invented a method for using light to turn on

and off a mechanism in E. coli bacteria that is key to producing valuable
chemicals. Here, the genetic tool they invented, called OptoLAC, was demon-
strated by projecting light in the pattern of a tiger onto a petri dish, which caused
only the bacteria exposed to the light to produce a green fluorescent protein.
(Image courtesy of Lalwani et al.)
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The findings build on the researchers’
previous work, described in Nature in 2018,
in which they engineered yeast to produce
chemicals in the presence or absence of light.
E. coli is more widely used by scientists and
engineers than yeast.

When scientists engineer E. coli to produce
a protein or chemical, they typically make that
function inducible rather than something that
occurs all the time. This way, the bacterial
culture can grow normally until scientists are
ready to put it to use. Usually, researchers rely
on adding a chemical to trigger the expression
of the genetically engineered trait in question.
But this has limitations. “If you add a chemi-
cal, that’s it, you've committed,” Avalos said.
“It's done and you cannot easily remove the
chemical, so you just have to wait and see if
you added the right dose.”

Instead of relying on a chemical inducer,
Avalos and his colleagues’ newly engineered
bacteria use the absence of light to induce
reactions that lead to chemical or protein
production. This allows researchers to slow
or stop the reaction by simply turning on the
light. Light also allows them to control where
the reaction occurs. In one demonstration,
Avalos and his colleagues darkened only
certain sections of their bacterial Petri dish
with a stencil of a tiger, creating a fluorescent
tiger print through the selectively activated
bacteria’s reaction.

“Again, that’s something you couldn’t easily
do with a chemical, because you wouldn’t be
able to control the diffusion of the chemical as
easily,” Avalos said. Light, unlike chemicals, is
also relatively inexpensive, he adds, so using
it will reduce costs and probably the carbon
footprint of processes. — by Rachel Nuwer



MACHINE LEARNING GUARANTEES ROBOTS’ PERFORMANCE

IN UNKNOWN TERRITORY

A small drone takes a test flight through a
space filled with randomly placed cardboard
cylinders acting as stand-ins for trees, people,
or structures. The algorithm controlling the
drone has been trained on a thousand simulat-
ed obstacle-laden courses, but it's never seen
one like this. Still, nine times out of 10, the
pint-sized plane dodges all the obstacles in its
path.

This experiment is a proving ground for a piv-
otal challenge in modern robotics: the ability
to guarantee the safety and success of auto-
mated robots operating in novel environments.
As engineers increasingly turn to machine
learning methods to develop adaptable robots,
new work by Princeton University researchers
makes progress on such guarantees for robots
in contexts with diverse types of obstacles and
constraints.

“Over the last decade or so, there’s been
a tremendous amount of excitement and
progress around machine learning in the
context of robotics, primarily because it allows
you to handle rich sensory inputs,” like those
from a robot’s camera, and map these
complex inputs to actions, said Anirudha
Majumdar, an assistant professor of mech-
anical and aerospace engineering.

However, robot control algorithms based on
machine learning run the risk of overfitting to
their training data, which can make algorithms
less effective when they encounter inputs that
differ from those they were trained on. Majum-
dar’s Intelligent Robot Motion Lab addressed
this challenge by expanding the suite of avail-
able tools for training robot control policies
and quantifying the likely success and safety
of robots performing in novel environments.

In three recent studies, the researchers
adapted machine learning frameworks from
other arenas to the field of robot locomotion
and manipulation. They turned to generaliza-
tion theory, which is typically used in contexts
that map a single input onto a single output,
such as automated image tagging. The new
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methods are among the first to apply gener-
alization theory to the more complex task of
making guarantees on robots’ performance in
unfamiliar settings. While other approaches
have provided such guarantees under more
restrictive assumptions, the team’s methods
offer more broadly applicable guarantees

on performance in novel environments,

said Majumdar. — by Molly Sharlach

Princeton researchers
tested a new machine
learning approach for
guaranteeing robots’
safety and success

in unfamiliar settings.
Experiments included pro-
gramming a small drone
called a Parrot Swing to
avoid obstacles while
flying down a 60-foot-long
corridor. (Photo by the
Intelligent Robot Motion
Lab)
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Princeton engineers are
playing leading roles in
nationwide research.

In the past year,
researchers have joined
with labs across the
country to advance
science in projects
including computer
networks, quantum
computing, and
combustion.

(Photo courtesy of the laboratory of
Nathalie de Leon)

12

ADVANCING INTERNET
INFRASTRUCTURE

U.S. QUANTUM SCIENCE CENTER

Princeton University researchers led by
computer science chair Jennifer Rexford '91
are working to shape the next generation of
computer networks. The effort, Project Pronto,
aims to build flexible, programmable networks
to advance network security, performance, and
innovation. The project is one of the largest
U.S. government investments in networking
since the creation of ARPANET, which launched
in 1969 and was the precursor to the modern
internet.

Project Pronto is supported by a three-
year, $30-million grant from the U.S. Defense
Advanced Research Projects Agency. The work
includes collaborators at Stanford University,
Cornell University, and the nonprofit Open
Networking Foundation.

RENEWABLE ENERGY LAB

Princeton University will play a leading role

in one of the five new multi-institution centers
for the advancement of quantum science
research announced by the U.S. Department
of Energy.

The Co-design Center for Quantum
Advantage (C2QA), headquartered at Brook-
haven National Laboratory, will develop quan-
tum technologies to serve as the platform for
the computing innovations of the future, prom-
ising benefits for national security, pharma-
ceutical development, optimization of resourc-
es, and more. Andrew Houck 00, professor of
electrical engineering, will serve as the deputy
director of the center, which will receive up to
$115 million over five years to develop mate-
rials, devices, software, and applications that
will serve as a platform for the next generation
of quantum computing capabilities.

Princeton University has signed a master
agreement with the National Renewable
Energy Laboratory, based in Golden, Colorado,
allowing the easy exchange of researchers

and students to accelerate the development of
clean energy technologies. The U.S. Depart-
ment of Energy national laboratory, known as
NREL, has been the country’s flagship research
center for sustainable energy since 1977

and has produced key breakthroughs in solar
photovoltaics, biofuels, wind, and other clean
energy areas.

Under the agreement, NREL appointed
Michael Mueller, associate professor of me-
chanical and aerospace engineering, as
a faculty researcher. Mueller, an expert in
computational science, turbulence, and
combustion, began working with NREL’s
Computational Science Center in summer
2020 and helped facilitate the creation of
the new overarching agreement. Mueller said
the exchange provides a great opportunity
for Princeton researchers to acquire new
skills and to rapidly identify areas in which
Princeton can apply its expertise in the
broader energy research community.



BIG BUT AFFORDABLE EFFORT NEEDED FOR AMERICA
TO REACH NET-ZERO EMISSIONS BY 2050, PRINCETON STUDY SHOWS

With a nationwide effort, the United States
could reach net-zero emissions of greenhouse
gases by 2050 using existing technology and
at costs aligned with historical spending on
energy, according to a study led by Princeton
researchers.

The new “Net-Zero America” research
outlines five pathways for the United States
to decarbonize its economy. The research
quantifies and maps the infrastructure and
investment required to run the country without
emitting more greenhouse gases into the
atmosphere than are removed from it each
year.

The study’s five scenarios describe at a
highly detailed, state-by-state level the scale
and pace of technology and capital mobiliza-
tion needed across the country, and highlight
the implications for land use, incumbent
energy industries, employment, and health.
Initial results were released in December
2020, and have been covered by scores of
news outlets including The New York Times,
The Washington Post, and National Public
Radio. The study also was cited extensively in
a February report by the National Academies
of Sciences, Engineering, and Medicine on
decarbonizing the U.S. energy system.

The goal of a “net-zero emissions” econo-
my means emitting into the atmosphere no
more greenhouse gases than are permanently
removed from it through technology-driven or
enhanced natural processes. If successful, the
strategy would stop the buildup of greenhouse
gases in the atmosphere, which is essential to
limiting global warming.

According to the research, following a “busi-
ness-as-usual” pathway without concerted
decarbonization efforts, the country would
spend about $9.4 trillion on energy over the
next decade. In all five net-zero scenarios,

energy system costs are estimated to be only
about 3% (or $300 billion) more for the
decade, and this percentage shrinks further if
oil and gas prices are higher than modeled.

“We now have a good body of evidence
that shows, ‘yes, it’s affordable.” We can do
it,” said Eric Larson, a lead author of the
study and a senior research engineer at the
Andlinger Center for Energy and the Environ-
ment. “And, of course, there are significant
costs of not doing anything. Climate science
has shown that unchecked warming will harm
communities here in America and all over the
world, from changes in disease patterns to
the displacement of millions of people from
sea level rise and flooding from more intense
storms.”

Jessie Jenkins, assistant professor of
mechanical and aerospace engineering and
the Andlinger Center, and also a lead author,
said the question now is how to effect the
transition. “Can we do it equitably, and so that
enough people see clear benefits that there
is an enduring coalition of support?” said
Jenkins. — by Molly Seltzer
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The full Net-Zero America
report, data and related infor-
mation can be downloaded
at netzeroamerica.princeton.
edu. The report’s cover
illustration was designed by
Bumper Delesus using imag-
es from Adobe Stock.
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