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COMPLEXITIES
OF CLIMATE
CHANGE

In this issue of
CenterPiece we
showcase the
excellent work
being done by
Northwestern
faculty and
students in
the fields of

energy and sustainability. The many settings—
from classrooms to coral reefs, from the shale fields
of Louisiana to Argonne National Laboratory—
illustrate clearly how, in the words of We Will,
the Northwestern strategic plan, we “discover
creative solutions” and “engage with the world.”
Thanks are due especially to three members of the
Northwestern community who were instrumental
in planning this issue: Alison Witt-Janssen,
department assistant at the Weinberg College
of Arts and Sciences, who helped curate the
Northwestern Library exhibit, “Two Degrees
and You: An NU Approach to Climate Change”;
Demetria Giannisis, ISEN's director of operations
and outreach, for her insights into ISEN; and Abigail
Foerstner, Medill assistant professor and director of
the Comer Scholars, who introduced us to the young
journalists whose work is featured in this issue.
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Michael R. Wasielewski, executive director of
the Institute for Sustainability and Energy at
Northwestern (ISEN). ISEN’s new location, set
to open in 2015, will have 8,000 sq. ft. of flexible
lab space for multidisciplinary team science.
Photo by Monika Wnuk
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ISEN Collaborates to Face

Climate Change
Disaster news has been worrisome in its
frequency and variety over the past few years.
Droughts in California, Australia, and New
Zealand. Heavier than normal rains in the
Midwest and India. Heat waves in Europe,
China, and Japan. Rising sea levels causing
flooding in Miami and on small Pacific islands.
The opening of the Northwest Passage in the
Arctic and breakup of the Antarctica ice sheet.
Each of these events has been linked not to the
vagaries of weather but to the growing impact
of climate change.

CenterPiece | Fall 2014

3

Photo by Monika Wnuk

Brad Sageman briefs his team of geologists on the stratigraphy of Big Water, Utah.

As author and columnist Thomas Friedman quoted Washington Governor
Jay Inslee in his column last spring, “We’re the first generation to feel the
impact of climate change and the last generation that can do something about it.”
And Northwestern research faculty in the sciences and social sciences are
doing a great deal to confront climate change.

Why Northwestern?
“Northwestern is well situated in energy and sustainability,” says Michael
Wasielewski, chemistry, executive director of the Institute for Energy and
Sustainability at Northwestern (ISEN). “We have faculty with broad expertise
and a culture of working collaboratively. Together, we’re addressing the threat
of climate change in novel and innovative ways.”

“WE’RE THE FIRST
GENERATION TO FEEL
THE IMPACT OF CLIMATE
CHANGE AND THE LAST
GENERATION THAT CAN
DO SOMETHING ABOUT IT.”

ISEN History
In 2008, the original Initiative for Energy and
Sustainability at Northwestern was established to
take advantage of the University’s significant resources
in those areas. Mark Ratner, chemistry and interim
dean of the Weinberg College of Arts and Sciences,
and David Dunand, materials science and engineering,
served as founding codirectors of the original ISEN,

which was created to consolidate the University’s existing strengths and stimulate
new efforts in energy and sustainability. Brad Sageman, Earth and planetary
sciences, became the third codirector, working to develop curriculum and outreach
in energy and sustainability.

4 Northwestern University Office for Research

ISEN’s mission then was to undertake curriculum
development, research seed funding, and local and
global outreach to gain the fundamental scientific
understanding for providing—sustainably and at
reasonable cost—the energy increasingly required

Department of
Energy Funding

by the Earth’s people.
Northwestern’s growing strength in energy
In 2013, ISEN expanded into an institute, changing

and sustainability has been supported by

its name to the Institute for Sustainability and

the U.S. Department of Energy. DOE funding

Energy at Northwestern and widening its focus

at Northwestern has quadrupled over the

to include external as well as internal partners.

past decade, from $6.4 million in 2005 to

As an institute ISEN expands its scope by adding the

$26 million in 2013. In June, Northwestern

capacity to conduct its own interdisciplinary research

received notification that as of fiscal year

in a strongly collaborative setting. Three existing

2015, the DOE is renewing two Energy

centers were added to its portfolio: the Argonne-

Frontier Research Centers (EFRCs).

Northwestern Solar Energy Research (ANSER)

The Argonne-Northwestern Solar Energy

Center and the Solar Fuels Institute (SOFI),

Research (ANSER) Center, directed by

which were already directed by Wasielewski, and

Michael Wasielewski, chemistry, will

the Center for Catalysis and Surface Science (CCSS),

receive $15.2 million over four years.

directed by Kenneth Poeppelmeier, chemistry.

And the Northwestern University Center

Wasielewski became ISEN’s executive director when
ISEN became an institute in October 2013. He says
that the recent changes help to “attract funds to
ISEN and have it serve as a focal point for carrying

for Bio-Inspired Energy Science (CBES),
directed by Samuel Stupp, materials science
and engineering, will receive $12 million
over four years.

out collaborative research, not only within the

These awards mean that Northwestern is

University but between faculty and national lab

involved in grants of several sizes funded

personnel and industry, and on a global scale.”

by the Department of Energy’s Basic Energy
Sciences grants. Kenneth Poeppelmeier,

Partnership with Argonne

director of the Center for Catalysis and

The changes also strengthen ISEN’s relationship

Surface Science (CCSS), points out that

with Argonne National Laboratory. That relationship

“CCSS administers a large multi-investigator

has evolved over the years through joint projects,

grant in the Institute for Catalysis in Energy

joint appointments, and joint awards. Wasielewski,

Processes, which is characterized by elegant

who began his research career at Argonne, continues

and detailed investigations of the synthesis,

to hold an appointment there as senior scientist in its

catalytic properties, and atomic structure

Center for Nanoscale Materials. “Our relationship

of catalytic systems.” Bigger annual grants

with Argonne is one of the best in university–national

can run as high as about $5 million for an

lab relationships. People spontaneously have told

EFRC and around $25 million for the

me they admire the situation that has evolved here.”

batteries and energy hub Joint Center for
Energy Storage Research. “The DOE does

Through Poeppelmeier and CCSS, ISEN is

this on purpose,” he adds, “just to try to

connected to the batteries and energy storage

understand what’s the right group size for

hub, a major project funded by the Department

a particular kind of problem.”

of Energy. Energy storage is widely recognized as
a key component in sustainable energy options such
as wind and solar and infrastructure innovation.
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The hub, known officially as the Joint Center for Energy Storage Research
(JCESR pronounced J-Caesar), combines the research and development
capabilities of five DOE national laboratories, five universities, and four
private firms in an effort to achieve revolutionary advances in battery performance.
Poeppelmeier, who also holds an appointment at Argonne as associate director
for science in the chemical sciences and engineering division, explains that
JCESR’s work will take science and engineering “beyond the lithium-ion battery.”
He compares this work to that of Meijo University’s Isamu Akasaki, Nagoya
University’s Hiroshi Amano, and the University of California, Santa Barbara’s
Shuji Nakamura—the three scientists who were awarded the 2014 Nobel Prize
in Physics for inventing efficient blue light-emitting diodes that enabled bright
and energy-saving white light sources. “People knew what they wanted,” he says.
“But no one had developed the science and the materials that are needed, and
discoveries had to be made. And those three did it. The solid-state lighting
business did not exist before their work.”

ISEN’s Extended Mission
In addition to its research centers, ISEN carries out its mission in four primary
ways: funding research for faculty and students, teaching undergraduate and
graduate students, convening symposiums and other meetings to spread the
word about sustainability and energy, and partnering with other organizations
nationally to strengthen efforts to deal with the many-faceted problems of
energy and climate change.

High Risk/High Reward Funding
Over the six years of its existence, ISEN has awarded more than 270 seed grants
to a total of 101 faculty members and 118 students and postdocs in such areas
as civil and environmental engineering, Earth and planetary science, chemistry,
chemical and biological engineering, mechanical engineering, and journalism.
Two calls for proposals are offered each year, and the competition is intense.
According to David Dunand, this booster funding is designed to help faculty
do seed research, the results of which help them compete for subsequent outside
proposals for projects that are high risk/high reward. “It’s hard to get money
for projects that are considered too high a risk,” he says. “That’s an awkward
spot where there is real need for these booster funds.”
One way of measuring the success of ISEN booster grants is return on investment.
As of 2014, the ROI for ISEN grants has been $2.21 for every $1 originally invested.
Another measurement is the number of publications the faculty produce. Through
October 2014, ISEN-funded researchers have published 203 articles in prestigious
journals that include Nature, Science, and Advanced Functional Materials—articles
that have cumulatively been cited more than 4,500 times.
Jointly with Argonne National Laboratory, ISEN also awards the prestigious
Northwestern-Argonne Early Career Investigator Award. The award honors

6 Northwestern University Office for Research

Left photo courtesy of ISEN. Right photo courtesy of Northwestern University Library Archives.

The Office of Sustainability promoted Earth Day in 2010 with Mount Trashmore.
That year, ISEN chose Thomas Friedman’s book, Hot, Flat, and Crowded, for
One Book One Northwestern and supported Earth Week events. Inset: A poster
from Project Survival, the public “teach-out” on pollution in January 1970, three
months before the first Earth Day.

a scientist working collaboratively between Argonne and Northwestern on research
relating to energy production or use. This year’s winner, Nathaniel Stern, physics
and astronomy (see page 38), will use the award to support his investigation into
the use of monolayer semiconductor quantum dots to improve solar efficiency.
The research could produce a solar cell that improves efficiency while minimizing
size and material inputs to reduce costs.

Student Enthusiasm
“We of the older generation have had the benefits of fossil fuels but few of
the ultimate impacts,” says Sageman. “Our students know they are inheriting
a world where they will face the consequences of our fossil fuel use.”
Students at Northwestern have long been concerned about environmental issues.
Decades ago, Northwestern Students for a Better Environment hosted Project
Survival, the first major national event to focus on the growing environmental
crisis. This public “teach-out” on pollution and other environmental issues was
held January 23, 1970, three months before the first Earth Day.
In 2005, in response to student lobbying, the Weinberg College of Arts and
Sciences established the Environmental Policy and Culture Program. The late
Paul Friesema, political science, created the program and served as its first
director. In his memory Northwestern supports the H. Paul Friesema Award
for Environmental Leadership and Academic Achievement.
Northwestern students continue to show their concern about the environment by
flocking to majors and minors in aspects of environmental science, engineering,
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and policy. “I’m thrilled to see the level of excitement and engagement of the
students,” says Wasielewski.
Undergraduate degrees are awarded in environmental sciences, Earth and
planetary sciences, and environmental engineering. ISEN’s undergraduate
certificate is awarded to students who pursue multidisciplinary instruction in
sustainability and energy as part of their undergraduate coursework, signaling
a broad topics proficiency to potential future employers. The certificate requires
three core undergraduate ISEN courses and four electives from a preapproved
selection of more than 60 offerings.
As of September 2014, 115 students from all six undergraduate schools and colleges
were enrolled in ISEN 210 Introduction to Sustainability, and 40 graduate and
highly qualified undergraduate students were in ISEN 410/EARTH 342 Contemporary
Topics in Energy and Climate Change. ISEN courses in winter and spring quarters
see similarly strong enrollment demand.
On the graduate level, PhD and master’s programs are offered in Earth and
planetary sciences, environmental sciences and engineering, and plant biology
and conservation. McCormick also offers a master’s program in project management
with a concentration in environmental management, as well as a master’s program
in mechanical engineering with an energy and sustainability specialization.
Recently, ISEN also organized Northwestern’s entry into the Clinton Global Initiative
University (CGI U) network. Founded by President Bill Clinton in 2007, CGI U
networks the innovation talents of students from more than 300 universities across
the globe to foster student-led actions that address sustainability issues affecting their
communities and the world. ISEN is supporting the 15 student teams who submitted
a “commitment to action” as part of the application process. CGI U will select
a number of these projects, affording those students the opportunity to attend
its annual conference at the University of Miami in March 2015.

Convening and Partnering
On campus, ISEN has seen a high level of interest in its annual Climate Change
Symposium, conceived and directed by Sageman. The 2014 Symposium last
May concentrated on the future of carbon and encouraged conversations on
topics that included carbon capture and fracking. More than 160 people
attended and participated in the conference.
ISEN will have more room to collaborate and convene when it moves into two
floors of the Technological Institute’s new J wing infill in 2015. “This will work
for us as a collaborative space,” says Wasielewski. “We will bring people in to
collaborate with Northwestern faculty in the energy and sustainability arena.
This will help us create a springboard to generate and launch new programs
and take advantage of external funding. We plan to generate collaborative projects
on an international scale.”
— Joan Naper

8 Northwestern University Office for Research

ISEN Directors on Climate Change
Michael Wasielewski, executive

that’s not the point. If we don’t solve the energy

director of the Institute for

problems—which can have many parts—we won’t

Energy and Sustainability at

have the quality of life we want to have.”

Northwestern (ISEN) and
Clare Hamilton Hall Professor
of Chemistry, understands that the
threats of climate change frighten a great many
people. “The problems of climate change seem
so big and all-encompassing that we can’t
solve them all,” he says. “But as a University
we educate students to sustain the effort. We
will need the next generation to put a cap on it.
Many people think it’s too late, but I’m optimistic
about finding solutions. Yet it will take more than
scientific expertise to address this. It will also
take political will.”

Mark Ratner, the Larry B. Dumas
Distinguished University
Professor of Chemistry and
interim dean of the Weinberg
College of Arts and Sciences,
has observed “a new theme among
the serious concerns of Northwestern students,
alumni, faculty, and administration. These
concerns match that of the larger society, and
this theme is climate change. Climate change
and its effects on the Earth present a holistic
challenge to the people on that Earth. Engaging
this great challenge requires so many of the

David Dunand, ISEN codirector

assets that Northwestern holds—economics, law,

and James and Margie Krebs

design, nanotechnology, chemistry, materials

Professor of Materials Science

science, physics, engineering, political science,

and Engineering, admits that

journalism, communications, philosophy,

climate change is a “wicked

business, Earth science, and more and more—

problem.” But he also believes that

that at Northwestern we must be a major player

it will cost much less to fix it than we think.

in addressing this threat to our civilization,

“For instance, if you replace coal with a cleaner

our happiness, and our creativity.”

source of energy, you are also saving on health
issues like asthma. By the time you include these
costs not incurred, let alone all the human
suffering, then staying under the two degrees
warming—which is the threshold above which
you’re really in deep trouble—is not that costly.
How can we face future generations when what
we’re asked is not even such a big sacrifice?”

Brad Sageman, ISEN codirector
and chair of the Department of
Earth and Planetary Sciences,
notes that “geoscientists tend
to be emphatic about climate
change because Earth history
provides a foundation for understanding what
can happen.” He suspects that it will require

Kenneth Poeppelmeier, director

a major catastrophic event to motivate effective

of the Center for Catalysis and

global political action to address anthropogenic

Surface Science and Charles E.

climate change seriously. “The political tipping

& Emma H. Morrison Professor

point may be a relatively rapid environmental

of Chemistry, recalls a quote

shift definitively tied to the warming climate,

from former US Energy Secretary

perhaps major loss of high-latitude ice that

Steven Chu: “If we lose the war on cancer, life in

drives widespread coastal flooding. But it

50 years will be pretty much the same. If we lose

seems quite unwise to wait for that to happen—

the war on energy, life in 50 years will be very

by then the train will have left the station.”

different.” Says Poeppelmeier, “Everyone fully
supports and wants to have a cure for cancer,
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Committed to
Understanding
Climate Change

Gary Comer, (in photo, below) who founded
Lands’ End in 1963 and sold it to Sears in
2002, became a climate-change activist while
sailing through the Northwest Passage in
2001. This sea route through the Arctic Ocean
between the Atlantic and the Pacific is usually
beset with treacherous ice floes. Comer had
a peaceful trip; much of the ice was gone.
He returned to his life in Chicago determined
to act upon his raised awareness of the abrupt

changes our planet is experiencing. In 2004, he founded the Comer Fellowship,
which funds work by climate scholars throughout the world. In 2010, four years
after Comer’s death, the Comer Family Foundation awarded funds to Northwestern’s
Medill School of Journalism to establish the Comer Scholars program. Each year,
three to four Medill graduate students interested in environmental journalism receive
funding to help pay for tuition and field research trips with environmental scientists.
The foundation has committed millions of dollars to climate change research
at various universities across the United States through a mentoring program
that enables senior climate scientists to award fellowships to promising PhD
candidates and postdocs. The foundation also continues to award climate change
research grants. Medill’s Comer Scholars program is the only Comer-funded
journalism program.
Medill students provide content for Impact, Mysteries, Solutions, a climate news
website (news.medill.Northwestern.edu/climatechange) featuring interviews with
report for newspapers, public radio stations, the energy media, and not-for-profit
organizations. This issue of CenterPiece features the work of two former Medill
Comer Scholars: Elizabeth Lukehart (p. 11) and Monika Wnuk (p. 28).

10 Northwestern University Office for Research

Photo by Philip Walsh

climate scientists and Comer Fellows. Medill’s Comer Scholars have gone on to

FUTURE BRIGHT

for Solar Fuels
SOFI working to turn sunlight into power

Several years ago, a group of scientists, businesspeople, and others were
brainstorming an idea in the shadow of the craggy peaks that surround
Telluride, Colorado. They wanted to create liquid fuel using only sunlight,
water, and carbon dioxide, just like a plant does through photosynthesis.
It sounds like science fiction. But not to Michael Wasielewski, who wants

Kristen Brown, a graduate student in the Wasielewski group, uses vibrational
spectroscopy to study the structural motion of molecules after they absorb
light energy. This fundamental research could lead to more efficient artificial
photosynthetic systems.

Photo by Elizabeth Lukehart

to revolutionize the energy industry with these solar fuels.
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The idea for the Solar Fuels Institute (SOFI) came to Wasielewski, chemistry and
now executive director of Institute for Energy and Sustainability at Northwestern,
during a hike in Telluride in 2010. He had been invited there for a speaker series
and was having a conversation about federal solar-research funding while traversing
a mountain path. Given all the federal dollars available, he saw an opportunity
to get support for solar fuels research while doing something a bit unusual in the
world of academia. “What we really need is a consortium or a private organization
to promote this on a global scale,” he says, “and that not only gets groups of people
working together, but gets private capital involved in the process as well.”
That’s why he formed SOFI, a member-supported consortium based at Northwestern.
The institute is forging a unique path in the world of academic research consortia,
fostering cooperation and partnerships between universities, government labs,
and companies across the globe. By encouraging collaboration and open sharing
of research and ideas, Wasielewski and his SOFI
The Wasielewski lab is a riot of colors. Beakers in fume hoods
contain designer molecules to be used in next generation
solar cells. The bright colors indicate that the molecules are
absorbing sunlight in the visible spectrum.

colleagues aim to speed commercialization of what
they see as a crucial component of a clean energy
future. “The idea of team science, working together,
and finding ways of leveraging current resources
by infusion of capital from other nontraditional
sources is one that has some real currency today,”
Wasielewski says. “It can result in a very powerful
way of working.”
In Wasielewski’s research group lab, test tubes hold
liquids of bright pinks, oranges, and purples—neon
flashes of color under the fume hoods and along the
counters. Wasielewski explains that much of his
research focuses on how to take an electrical charge,
in this case powered by sunlight, and couple it with
a catalyst, which causes the reaction that drives the
creation of a fuel.
He’s been working in this area for about eight years,
but there’s still much to be learned about the process,
which presents one of several big challenges in the
field of solar fuels. Timing is everything. “How the
charges are used by the catalyst depends on when
they get there,” Wasielewski says. For the catalyst to
split water into hydrogen and oxygen, a necessary
part of the process to create a fuel, the charges have
to arrive at the right time and with the right energy;
there’s a precise temporal sequence to the process.
“If you don’t get that right, the whole thing doesn’t
work very well,” he adds. Scientists are struggling
with the complexity of this process, as well as the
efficiency and stability of the systems.

Photo by Elizabeth Lukehart
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Left: Graduate student Samuel Eaton carries out an organic synthesis experiment to
generate new molecules for solar applications. Right: Like ancient pictographs, lab
notes adorn the glass windows of fume hoods. Photos by Elizabeth Lukehart

Despite the technological hurdles, solar fuels—a way to store energy
from sunlight so it can be used when the sun isn’t shining—present
an enormous opportunity in a marketplace hungry for clean energy
solutions, especially in the transportation sector. Wasielewski says
they’re so promising in part because of the energy density of the liquid
fuel. Right now a typical electric vehicle requires 400 to 500 pounds
of batteries to drive you about 100 miles. You can go that same distance
with a high-efficiency gasoline engine on only about three gallons of gas,
which weighs no more than 20 pounds. So liquid fuel packs a lot more
energy than a battery. With little or no retrofitting, our cars could run
on this solar fuel.
Dick Co, a founder and co-managing director of SOFI, is thinking of
creative applications beyond transportation. “There will be opportunities
and needs in distributed sources for humanitarian or specific industrial
needs, where we need to make the fuel onsite,” he says. Someday people
in rural villages around the world could be using solar fuels to power
their homes without any connection to the electrical grid. And the big
benefit is that they are much cleaner than fossil fuels. “Even though
you’re burning a hydrocarbon, you’re using solar energy to convert
carbon dioxide, the product of the burning, back into the liquid fuel,”
Wasielewski says. “So it’s carbon neutral overall.” The desire to mitigate
climate change is an important factor driving his and SOFI’s work.
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While the Wasielewski group is doing important
research in the field of solar fuels, no single lab
is going to solve the technological problems facing
commercialization. To get solar fuels out of the lab
and into people’s cars, cooperation is key. This is
where SOFI comes in, and Co sees academic labs
as a crucial part of the equation. “The reason why
I think leveraging the academic labs is important is
because I believe that innovation is really putting
ideas, processes, inventions, to use,” he says.
By connecting academic labs to government
labs, industry, and other partners, he hopes these
innovations will make it to the marketplace and

Photo by Jonas Stenstrom

see the light of day. “SOFI really sees itself like

Dick Co, research associate professor
and a founder and co-managing
director of SOFI.

a conductor of an orchestra or a coach of an all-star
team,” Co says. “Everybody’s an all-star, but how
do you align the incentives and bring focus to
what the goals are?”
SOFI carries out its mission in a variety of ways,
all focused on promoting team science. Rebecca
Lindquist, a graduate student in the Wasielewski
group, says it’s why she came to Northwestern and
joined this group. With SOFI support, she traveled
to the Joint Center for Artificial Photosynthesis,
a Department of Energy Innovation Hub whose
mission is to develop a solar fuels device, for a
weeklong “summer school” experience. Not only
did she get to attend lectures by professors and
postdocs, she also got to spend time in their labs,
learning about instrumentation and seeing how
they set up experiments.
She says these kinds of exchanges have helped her
own research in a field where team science is critical.
“Because solar energy is such a huge challenge, it’s
necessary, and people who are doing research realize
that they need to share information and not be
so protective of their

“I THINK SOFI REALLY SEES ITSELF
LIKE A CONDUCTOR OF AN
ORCHESTRA OR A COACH OF AN
ALL-STAR TEAM, EVERYBODY’S
AN ALL-STAR, BUT HOW DO YOU
ALIGN THE INCENTIVES AND BRING
FOCUS TO WHAT THE GOALS ARE?”

14 Northwestern University Office for Research

information,” Lindquist
says. “You may have
to have other authors
on your paper, but it’s
going to help you make
discoveries faster
and be working on
important areas that

you might not necessarily pursue without having the input from people who
have more expertise in something that’s related to what you’re doing.”
To this end, the SOFI team is also creating what it’s calling a Knowledge Map—
a searchable database of solar fuels research. But instead of just including
published results, SOFI hopes to compile slide decks, notes, unpublished
manuscripts, and any other information it can get, with the idea that something
could prove useful to researchers in the field who might be struggling with
a particular problem someone else has tackled. The SOFI team members
working on the Knowledge Map have met some resistance from scientists
reluctant to hand over information, but they’ll continue to echo Lindquist’s
refrain that sharing will encourage breakthroughs and discoveries.
The undertaking that perhaps embodies SOFI’s mission more than any other is
the Demo Project. Co is spearheading this collaboration between SOFI industry
members and other partners to create a functional prototype of a solar fuels
system. Each member participating in the Demo Project is contributing a piece
of technology—from solar cells and fuel cells to a carbon capture device. Co will
help coordinate the participants, systems engineers, and others involved in the
project to make sure it is built and operational by the end of 2015. “It can be done.
I really think this team can build it,” he says. “A year from now, we’ll have this
thing we can touch, feel, see. I’m pumped.”
This will be just the first step toward creating a solar fuels device that could someday
power cars, planes, and homes. Wasielewski hopes SOFI will continue to be
a driving force behind the evolution of this technology. “I would like to see the
partners come up with unique solutions as a team, and then be able to transition
those solutions to industry to develop a technology that could be used within a
10- to 15-year timeframe,” he says. “So that’s really the goal: to give something
to the marketplace that is going to make a societal impact.”

Photo by Elizabeth Lukehart

—Elizabeth Lukehart

Graduate student
Eric Margulies works
in an oxygen-free glove
box environment, where
air-sensitive or toxic
experiments are performed.
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Solving the Last Mile
Integration of traffic congestion
and predictive modeling offers
solutions to grand problem

Ordered with the click of a mouse, a rug made
in Turkey is shipped to Houston, flown to
Louisville, and driven to a warehouse in
Woodstock, Illinois. It has traveled 10,404
miles, only to get stuck in traffic 20 blocks
from its final destination in Lakeview.
“There are far fewer issues when products are flown or driven across the
country, but getting them to your home is taxing,” says Hani S. Mahmassani,
civil and environmental engineering and director of the Northwestern University
Transportation Center (NUTC). “Getting things from a transportation hub
or warehouse to the consumer, the so-called last mile, becomes a more difficult
task because the supply chain is now interacting more intimately with traffic
congestion, the weather, and other day-to-day variants.”
To combat this, Mahmassani has helped develop computer-modeling software
that can simulate traffic irregularities like accidents or snowstorms. The models
then provide efficient rerouting options that save time, money, and energy.
“Deliverers want to be cost effective while displaying a high level of customer
service, and traditionally we think of these two concepts as contradictory,”
says Mahmassani. “But what if we develop tools that optimally attain these
goals, comparing different methods to arrive at the best solution?”
Celebrating its 60th year, NUTC has evolved from the first center of its kind
into a recognized leader in interdisciplinary education and research. In studying
last-mile logistics, its researchers specialize in integrating urban traffic congestion
and predictive modeling with optimization algorithms.
“We can forecast what is going to happen, and that can allow a company like UPS
or Peapod to adjust in real time,” says Mahmassani. “This is unique, because traffic
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modeling hasn’t typically been part of what the
logistics players do, and we are able to incorporate
it into their routing algorithms.”

Changing with the Times
As the volume of products purchased online
rises—consumer e-commerce is expected to reach
Photo by Andrew Campbell

$1.5 trillion in 2014—businesses continue to search
for new ways to solve the last-mile dilemma. Last year
UPS, one of the world’s largest shipping and logistics
companies, logged more than 55 million miles using

HANI MAHMASSANI RESEARCHES
THE VALUE OF PREDICTIVE
ANALYTICS IN URBAN ROUTING
FOR TIME-SENSITIVE PICK-UP
AND DELIVERY AND FOR ROUTE
CHANGES IN REAL-TIME
CONGESTION, DISRUPTIONS,
WEATHER, AND CHANGING
CUSTOMER DEMANDS.

advanced-technology, low-emission vehicles. Within
three years the company anticipates driving a billion
miles on alternative fuels.
“Dense urban areas are a natural environment
for electric vehicles with lower carbon output or
other less environmentally taxing energy sources
like natural gas,” says Mahmassani. “Energy is
an immensely important element in this whole
system. There is a direct correlation in that the
more efficiently a company can distribute, the
lower the energy cost will be.”

That’s one of the reasons UPS implemented route optimization plans in 2004
to increase efficiency and reduce fuel consumption. In the decade since, the
company has saved an estimated 10 million gallons of gas by minimizing or
eliminating left-hand turns on most of its routes. The company says the measure
helped cut carbon emissions by 100,000 metric tons, the equivalent of taking more
than 5,000 vehicles off the roads for a full year.
“Ultimately, being environmentally friendly translates into goodwill with customers,
and that is a major motivation,” says Mahmassani. “Companies may also want to do
the right thing, but we live in a time when customers are demanding it. This means
there is a market incentive.”
In European cities like Rome, the idea of an oversized diesel truck rolling down the
street is both unappealing and nearly impossible due to ancient urban design.
Europe’s reliance on “alternative” delivery methods isn’t new, and as e-commerce
continues to boom in places like Beijing—a city known for its traffic congestion—
novel last-mile delivery services continue to grow. Around the world they now
include pedicabs and bikes (Portland) and scooters (Japan). In places like Shanghai
and New York City, an alternative mode of transportation is almost always a faster
way to complete deliveries.
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Communication and Customer Service
Paralleling the transportation side of the equation, technical advances in mobile
communications, cloud-based computing, and real-time information have enabled
delivery services to improve operations. “The last mile is out of the hands of the
retailer, and there’s been a lot of competition, because whoever drops a package
at your door can control the level of service,” says Mahmassani. “It’s why Amazon
wants to control more of their own deliveries with the use of drones and why
Google has entered the fray.”
With the entry of information technology companies into the delivery realm
and the advent of Zipments, Instacart, and other same-day delivery services,
Mahmassani sees even more innovation as the likely result. “It’s similar to how
Google took the first leap with driverless cars,” he says. “Suddenly, all of the major
auto manufactures are working to develop them.”

A Driverless Environment
Mahmassani believes the driverless era has dawned. “It’s no longer a question
of if driverless cars will exist on our roadways, but when,” he says. “It will

DID YOU KNOW?

admittedly take greater investment in driverless technology, including

UPS AND FEDEX
OUTSOURCE
PART OF THEIR
LAST-MILE
DELIVERY TO THE
UNITED STATES
POSTAL SERVICE,
ALLOWING THEM
TO MAXIMIZE
THE EFFICIENCY
OF THEIR
OPERATIONS.

vehicle-to-vehicle and vehicle-to-infrastructure communication.”
Beyond that, there is the question of whether driverless vehicles could coexist
with their human-controlled counterparts on public roadways, and whether
consumers will be amenable to the technology. “Ultimately, the question of
adoption will likely be what determines the success or failure of driverless
vehicles—not only for personal automobiles, but also for the freight and
logistics sectors,” says Mahmassani.
Self-driving vehicles could solve a number of major energy consumption issues.
An often-cited Imperial College London study estimates that 40 percent of
total gas use in an urban environment is spent looking for parking. It’s a
problem that “intelligent” vehicles and interactive infrastructure might solve.
Another advantage of increased vehicle sensors and reduced human interference
would be that vehicles could drive more closely together in a safe and controlled
manner. A Rocky Mountain Institute study estimates the reduction in wind drag
alone could reduce fuel use another 30 percent.
Mahmassani is less focused on who is controlling each vehicle and more on the
route that will minimize the energy to get there. “The NUTC really has the last
word from a methodological perspective in terms of tying in traffic forecasting,
given external factors like an accident or construction,” he says. “These models
continue to be developed and improved upon at Northwestern and are being
implemented in places like Salt Lake City, where they are already using our models
to develop new traffic patterns during snowstorms.”
—Roger Anderson
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ON THE BOOKSHELF

The New Terrain of
International Law:
Courts, Politics, Rights

The Pekin: The Rise and
Fall of Chicago’s First
Black-Owned Theater

Karen J. Alter, political science and law

Thomas Bauman, music studies

Princeton University Press, 2014

University of Illinois Press, 2014

The New Terrain of International Law
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is a moving account of how we are
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all interconnected: our bodies and
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speak the law translates into political
influence, and she considers 18 case
studies, showing how international
courts change state behavior.
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On Immunity: An Inoculation
Eula Biss, English
Graywolf Press, 2014
On becoming a new mother, Eula Biss
addresses a chronic condition of

Creative Conspiracy: The
New Rules of Breakthrough
Collaboration

The Golden Age Shtetl:
A New History of Jewish
Life in East Europe

From a Nation Torn:
Decolonizing Art and
Representation in France,
1945–1962

Leigh Thompson, management

Yohanan Petrovsky-Shtern,

and organizations

history and Jewish Studies

Hannah Feldman, art history

Harvard Business Review Press, 2013

Princeton University Press, 2014

Duke University Press, 2014

Think of your to-do list at work.

The shtetl was home to two-thirds

From a Nation Torn provides a powerful

Chances are the most important tasks

of East Europe’s Jews in the 18th

critique of art history’s understanding

require you to work with others—

and 19th centuries, yet it has long

of French modernism and the

and the success of those endeavors

been one of the most neglected and

historical circumstances that shaped

depends on the effectiveness of your

misunderstood chapters of the Jewish

its production and reception. The

collaboration. According to Leigh

experience. This book provides the

aesthetic practices and theories that

Thompson, collaboration that is

shtetl’s grassroots social, economic,

emerged in France from the late

conscious, planned, and focused

and cultural history. Challenging

1940s into the 1960s have traditionally

on generating new ideas builds

popular misconceptions of the

been demarcated as postwar. Yet it was

excitement and produces what she

shtetl as an isolated, ramshackle

during these very decades that France

calls a “creative conspiracy.” Teams

Jewish village stricken by poverty

fought a protracted series of wars to

that conspire to organize themselves,

and pogroms, Yohanan Petrovsky-

maintain its far-flung colonial empire.

motivate one another, and combine

Shtern argues that, in its heyday from

Given that French modernism was

their talents are the hallmark of

the 1790s to the 1840s, the shtetl

created during, rather than after,

the most successful organizations.

was a thriving Jewish community

war, Hannah Feldman argues that

Thompson combines broad-ranging

as vibrant as any in Europe.

its interpretation must incorporate

research with real-life examples

Petrovsky-Shtern describes family life;

the tumultuous “decades of

to offer strategies and practices

dwellings, trading stalls, and taverns;

decolonization” and their profound

designed to help capitalize on

books and religious life; and the

influence on visual and public culture.

what actually works when it

bustling marketplace with its Polish

comes to creative collaboration.

gentry, Ukrainian peasants,
and Russian policemen.
CenterPiece | Fall 2014

21

Talking The Talk
Science communication key
to future energy policy

Science has had its detractors, since ‘before’ the Earth was round. Today it’s the
manner in which the planet is warming, rather than its shape, that has prompted
James N. Druckman, political science, to explore how public opinion is formed.
“One of the biggest factors in all of it is the politicization of science,” says Druckman,
a fellow at the Institute for Policy Research (IPR). “It’s hard to imagine having
a long-term energy policy when figures show that just 57 percent of Americans
believe in anthropogenic global warming—that is to say, that humans play a
distinct role.” By contrast, 97 percent of climate researchers (according to a 2014
American Association for the Advancement of Science report) believe humans
are, in part, causing the atmospheric change.
“Politicians have an ability to question scientific consensus and change the way
Americans think,” says Druckman. “For anything to move forward in terms of
policy, regulation, or technology, the public has to be on board.”

“IT HAS ALSO BECOME
APPARENT THAT EDUCATING
THE PUBLIC ABOUT THE
FACTS ASSOCIATED WITH
GLOBAL WARMING RARELY
LEADS INDIVIDUALS TO
UPDATE THEIR BELIEFS IN A
CORRECTIVE FASHION.”

To explore Americans’ changing knowledge and attitudes about
traditional and alternative energy sources, as well as the lifestyle
choices that affect energy production and consumption, Druckman
collaborated on designing a series of studies with Northwestern
PhD graduate Toby Bolsen, a political scientist at Georgia State
University, and National Science Foundation assistant director
Fay Cook, School of Education and Social Policy.
Their findings reveal how beliefs about global warming can be
swayed and how they diverge among scientists, policy advisers,
and the public. While policy advisers are more likely than the
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public to express a belief in the existence and
anthropogenic nature of global warming, both
Photo by Patricia Reese

are ideologically polarized.
“In spite of a consensus among climate scientists
about the reality of human-induced global warming,
numerous studies find that segments of the public

James N. Druckman, political science

express doubt about whether this phenomenon is
occurring and, if it is, whether this is the result of
human or natural causes,” says Druckman. “It has

Turning Consensus into Action

also become apparent that educating the public

Despite an abundance of talk on energy policy from

about the facts associated with global warming

both major political parties, the United States still

rarely leads individuals to update their beliefs in

lacks a national strategy, says Druckman. Part of

a corrective fashion.”

developing such a strategy lies in understanding

The consequence of such politicization appears
to be a diminishing trust in scientific evidence.

Foray into Energy Research
Druckman’s career began with research focused
largely on political preference formation and

public attitudes about different energy sources,
whether opinions change as the public becomes
more informed about alternatives, what types of
energy policies the public is willing to support,
and what lifestyle changes the public is willing to
make to meet society’s long-term energy demands.

communication. It wasn’t until a 2008 meeting

Some of Druckman’s results provide policymakers

with Cook, then IPR director, that he began to

with a road map for knowing which communication

apply his theories to energy and sustainability.

strategies are more likely to result in public support.

Using a booster grant from the Institute for

His efforts also offer insight on the types of challenges

Sustainability and Energy (ISEN), he collaborated

scientists face in promoting their work when

with Cook and Bolsen to extend his basic work

presenting it to the public and politicians.

into a more applied domain.

With regard to global warming, he sees politicization

The initial grant eventually allowed him to lay

as one of the biggest challenges. “The bottom line

the groundwork for a planned 2015 conference—

is that scientific consensus is a very rare and arduous

sponsored by ISEN, IPR, and the Weinberg College

occurrence,” he says. “When a consensus is reached,

of Arts and Sciences—that will bring social scientists

however, scientists have to do everything possible

together with energy researchers in a way that’s rarely

to make certain the public is aware.

been done.

“There also has to be an awareness that when

“There’s this large knowledge gap in regard to

political actors introduce doubt, it can render the

energy and sustainability efforts; social scientists

consensus useless, but by warning people about the

don’t always grasp the significance of research

politicization of science or by talking about it after

advancements or how technology might be used in

the fact, we can again have a greater impact on the

the future,” says Druckman. “The conference will

opinions being formed.”

provide a venue for conversation between social
and physical scientists that isn’t happening with

—Roger Anderson

frequency anywhere in the country.”
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Thinking Smarter
Reimagined electricity market relies on innovative ideas
The cost to light a room can fluctuate nearly
300 times a day.
“People may think of electricity prices as static, but they change in real time,”
says Lynne Kiesling, economics. “Although many utilities charge an average daily
price to consumers, some are beginning to use digital technology to alter the way
they do business.”
Commonwealth Edison, the largest electric utility in Illinois, began allowing
customers to upgrade their spin-dial meters to digital boxes in 2012. The coinciding
Residential Real-Time Pricing program adjusts the price for power every
five minutes.
That innovative approach, however, is the exception rather than the norm in
an industry established under government regulation more than 100 years ago.

From One Light to Millions
In the late 1890s, generating electricity on a very large scale became both
technologically feasible and economically valuable. As larger power sources
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were built and smaller operations folded, the cost to add an additional home
to the power grid became extremely small. In economics, this is known as
economies of scale.
“It’s a fascinating set of characteristics for an economist to consider,” says Kiesling.
“The cheapest way to deliver electricity was to build a really big facility to
manufacture and distribute it. The evolution of the marketplace was then
toward one big firm that could control the price it charged customers.”
As dozens of firms in cities like Chicago were consolidated into a single company,
the call for consumer protection led to government regulation. It also resulted
in the creation of geographically bound electricity monopolies.
“The introduction of state public utility regulation in Wisconsin in 1907 was
intended to guarantee that the price residents paid maximized the total benefit
for both producer and consumer,” says Kiesling. “The utility company favored
the arrangement because by law only one firm was allowed to generate and
distribute electricity in a particular region.”

More Power, More Pollution
The everyday energy needs of Americans began to escalate with each passing
decade. “The theory of the early 20th century was that regulation could stand
in for competition, and it did so pretty well through the 1950s, leading to widespread
electrification and low and stable prices,” says Kiesling. “The utilities were selling
a standard service, and customers could count on light when a switch on the wall
was flipped.” In the 1970s, however, the economies-of-scale benefit started to
diminish at the same time a “new” cost was added to the equation.

Real-time Hourly Prices
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The ComEd Residential Real-Time Pricing program allows customers to pay the market price for electricity throughout
the day. The company says customers can see energy savings by shifting the use of energy-hungry appliances like air
conditioners, laundry machines, and dishwashers to low-priced hours—evenings, nights, and weekends. Enrollees in the
program pay an hourly average determined by 12, 5-minute readings, and have access to real-time electricity prices,
similar to the graph seen here.
Source: ComEd, rrtp.comed.com/live-prices/
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For the regulated utility, the best way to increase
revenues was to sell more energy, which demanded
new power plants and created additional pollution.
“About 40 years ago, the nation became increasingly
worried about the environmental impacts of burning
fossil fuels,” says Kieseling. “More energy means
more pollution, and you have this tension between
keeping energy costs low and the growing

A Warming Problem
Kiesling sees the focus on climate change and carbon
emissions as a much more formidable challenge.
“It’s a different type of problem, and there are a lot
of reasons why the same policy instruments may not
yield the same outcomes,” she says. “The industrial
interest in the environment is largely based on politics,
but the incentives for regulators, legislators, firms,

environmental concern.”

and the public are different because each is affected
by change in varying ways.”

Regulation at Work
At that time, sulfur dioxide, a toxic gas with

Kiesling points to the political economy—the

a distinctly rotten smell, was considered the

relationship between markets and government—

predominant unintended consequence

as a dynamic influence. “Electric utilities

of burning coal. In 1990 the Clean Air
Act Amendments instituted the world’s
first large-scale cap-and-trade system to
solve the problem. The act permitted
each of the nation’s more than 3,000
power plants to release a specific amount
of sulfur dioxide into the atmosphere.
The policy allowed each utility to weigh
the cost of reducing pollution versus
buying additional permits from other
companies. “The economics of it meant
that those businesses that could reduce
pollution relatively cheaply would do

tend to have a lot of political power

“ULTIMATELY, IF
WE ARE GOING
TO CREATE A
LOW-CARBON
OR CARBONFREE FUTURE
THAT CAN
STILL SUSTAIN
HIGH LIVING
STANDARDS,
WE NEED MORE
INNOVATION.”

so, selling their excess permits in the
process,” says Kiesling.
By 2007, annual emissions had declined below
the program’s goal of 9 million tons (a 43 percent
reduction from 1990 levels), despite an increase
of more than 26 percent in electricity generation
from coal-fired power plants, according to the
Energy Information Administration and
Environmental Protection Agency. “The reduction
in pollution happened faster and cost less than
was expected, making the system one of the biggest
environmental policy success stories,” says Kiesling.
“The big question now is whether regulation can
align environmental and economic incentives from
a policy perspective, moving forward.”

within their states, and that brings with
it an ability to influence legislative and
regulatory outcomes,” says Kiesling.
“It’s certainly another piece of the
puzzle, as is the knowledge that the
more we enact environmentally friendly
policies, the more expensive energy
could become at the onset.”
Although renewables have marked a
new frontier in the energy landscape,
the lack of confined energy storage is a
major hurdle. “We get a lot of work out
of a ton of coal,” says Kiesling. “To get

the equivalent amount out of solar or wind power,
the space needed is immense. Ultimately, if we are
going to create a low-carbon or carbon-free future
that can still sustain high living standards, we need
more innovation.”

21st-Century Technology
As technology has advanced, the regulatory system
has not evolved to reflect how Americans use—or
can even generate—electricity. “We are seeing the
problems with one-size-fits-all regulation,” says
Kiesling. “Consider fixed pricing: with an average
price throughout a given day, there is little
incentive for consumers to change bad habits,
like unnecessarily running an air conditioner
in the middle of the day when costs are highest
and no one is home.”
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So why is digital technology lagging so far behind? “One of the interesting
things regulation does is encase technology in amber,” says Kiesling.
“The incentives that electricity companies are trying to satisfy are very
much shaped by the regulators. The process of requiring smart meters
has only recently started, with some states lagging far behind others.”

2

The United
States is the

Smart meters would likely become part of a smarter grid, one with a

second largest

two-way stream of communication. Such a grid could also account for

consumer of

price changes in real time. A consumer could then set a price threshold

electricity in the

with different contingencies in place, perhaps allowing for the purchase

world, following

of renewable energy when the price is right, or for a refrigerator to be

only China.

turned off for an hour when costs spike. The innovations would allow
individuals to more closely monitor their own electricity usage and

self-healing, and digital sensors could alert engineers, who might remotely

$25
BILLION

access parts of the network to make a repair.

Amount paid

change habits on their own.
A smarter grid might also benefit the utilities. The grid itself could be more

by consumers
“There is a shared objective to lessen the environmental impact of

every year

electricity usage. Where I see economists coming into play is in figuring

for electricity

out if we can design an institution that actually achieves that objective,”

estimated to be

says Kiesling. “Because of the research done here and elsewhere, we are

lost to inefficient

seeing exciting innovation in solar and storage, but much more work needs

transmission

to be done before we can begin to imagine a carbon-free society.”

and distribution,
according to the

Regulatory Change

National Energy

Part of the issue for a home equipped with its own solar panels is in

Technology

figuring out what entity sets the price if a consumer decides to sell excess

Laboratory.

electricity back to the grid. “This is where regulation will likely play a
continued role,” says Kiesling, “because the power company will certainly
want to pay the lowest price possible in making that purchase.”
For Kiesling, one possible solution would be to remove the utility from the
equation, making it responsible for the wiring of the grid but no longer the
sole supplier of energy. “If innovation in the area of electricity was similar
to the Internet, in that entrepreneurs can develop apps or ways of operating
better or more efficiently, the entrepreneurs would be allowed to bring
their product to market,” she says. “If the platform for electricity allowed
for more innovation, the network would undoubtedly become smarter.”
—Roger Anderson

50
MILLION
The number
of people left
without power in
eight states and
parts of Canada
during a twoday blackout in
2003. One of the
more remarkable
features of a
smart grid is
its self-healing
capacity.
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Patricia Beddows records her location in one of the
Yucatan Peninsula’s many limestone quarries. She
samples different sedimentary layers for phosphorous
and iron content to determine if those elements are
leaching into the ocean.
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Connecting Caves
to Coral Reefs
Yucatan’s underwater caverns hold clues
for coral reef protection

Thick, prickly jungles line both sides
of the 80-mile stretch of highway that
extends south of Cancun through
the world-famous Riviera Maya. Signs
along the highway mark exits to resorts
and adventure parks known for their
turquoise waters and verdant sea floor
landscapes. Snorkeling and scuba diving
along the Mesoamerican Barrier Reef
System, the second largest coral reef in
the world, attract hundreds of thousands
of tourists each season.
Photo by Monika Wnuk
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The same water that makes the Yucatan Peninsula
a coveted tourist location drew hydrogeologist
Patricia Beddows, Earth and planetary sciences,
to the region 20 years ago. She comes back every
year to study—and help reverse—the growing threat
to the entire coral reef.
Driving down the highway toward a field site in a
white, boxy Nissan Tsuru, Beddows points out what
sparked her interest in the region: the lack of visible
water inland from the coast. Unlike the surface
waters we’re accustomed to seeing in the Midwest,
all of the Yucatan’s groundwater supply flows beneath
the surface, through an extensive network of
interconnected caves.
“All the action happens underground,” says Beddows.
The explanation for that phenomenon lies in the
region’s geology. The Yucatan Peninsula is composed
of calcium carbonate rock, which originated from the
sedimentation of the miniscule grains and shells of
ocean organisms, with the occasional piece of coral.
We know calcium carbonate as limestone, a rock that
is highly porous in the Yucatan.
“If you have the pleasure of being here during a
big rainstorm, even within minutes after it finishes
raining, there is no standing water left on the
surface,” says Beddows. “It all filters down.”
The same water that flows through layers of
limestone shapes the caves below them. When rain
slips through the pores in limestone, it dissolves the
rock, carving pathways for water to flow. When
these countless pathways begin to connect, water
can flow freely, and turbulently, through them.
This interconnected network of caves formed by
the dissolution of rock is called a karst system,
similar to those found in Florida, Kentucky, and
the Bahamas. The system in the Yucatan, however,
is still largely unmapped.
The Quintana Roo Speleological Survey database
reports more than 4.5 million feet (774 miles) of
underwater caves in the region. Although engineers
Beddows poses at the entrance to a cave. She has studied
the Yucatan's intricate underground cave system for almost
20 years.
Photo by Monika Wnuk
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and cave divers, including Beddows herself, are constantly exploring and mapping
the cave systems, new discoveries are made every day. And that’s part of what drew
Beddows to the area—the sense of going where no one has gone before.
But it’s more than a question of how much cave exists. Beddows has dedicated her
career to understanding how water, and anything it carries with it, flows through
the caves and discharges into the ocean.
Once underground, freshwater will settle on top of saltwater because it is the less
dense of the two. As sea level rises and drops, the resulting motion of the water,
along with coastal pumping, helps circulate the water underground, eventually
pushing it out into the ocean. This discharge of fresh and salt water into the ocean
has the potential to disturb coastal ecosystems when it carries any additional
chemicals with it, especially those produced by humans.
In the Yucatan Peninsula humans interact with the
groundwater supply intimately. Relying on a dual-use
aquifer, humans extract drinking water from freshwater
reserves and pump nutrient-rich wastewater into the
salt-water reserves, where it travels out to the ocean.
But as Beddows points out, this isn’t the only way that
humans interact with groundwater.
“A lot of human activities on the surface, such as
putting in a golf course and fertilizing it or making

"WITH GLOBAL CLIMATE
CHANGE, AND GLOBAL
RISING SEA LEVELS, WE MAY
BE FINDING THAT COASTAL
ECOSYSTEMS ARE HIGHLY
STRESSED EVEN TO THE
POINT OF DEATH FOR MANY
SYSTEMS GLOBALLY.”

changes to the ecosystem by cutting down forests—all
of these tend to allow more nutrients to flow through
the system.”
If the direct human impacts were not bad enough, Beddows suggests that the
Yucatan's geology itself may be delivering even more nutrients to the coast due
to rise in sea levels globally. This is problematic for coastal ecosystems, such
as the Yucatan’s coral reef, that are naturally nutrient-poor when they are at
their healthiest.
Motivated by a combination of expertise in the region and awareness
of global trends in sea level rise, Beddows set out to test whether additional
nutrients, specifically phosphorous and iron found in limestone, could leach
into coastal waters—further jeopardizing the health of the coral reef and the
long-term future of the Yucatan Peninsula’s tourist industry. Beddows puts this
flux of nutrients into perspective: "The weight of this question is very heavy. With
global climate change, and global rising sea levels, we may be finding that many
coastal ecosystems are highly stressed even to the point of death,” Beddows says.
Motivated by a combination of expertise in the region and awareness of global
trends in sea level rise, Beddows set out to test whether additional nutrients,
specifically phosphorous and iron found in limestone, could leach into coastal
waters—further jeopardizing the health of the coral reef and the long-term
future of the Yucatan Peninsula’s tourist industry.
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The Bottom of a Quarry
Standing at the bottom of a quarry 10 miles off
the coast of the Yucatan Peninsula, Beddows holds a
compass, a rock hammer, and a camera with additional
GPS capabilities. She’s been to two dry caves already,
and this is the first of two quarries she plans to visit.
She carefully analyzes the rock layers before her and
jots down the geologic history she sees. Then, picking
a spot, she gives her rock hammer a sharp swing and
picks up a chunk of rock the size of her fist. What she
holds in her hand could be a previously unforeseen
contributor to the damage already endured by the
coral reef and to future damage as well. She’ll seal
the sample in a plastic bag, label it, and toss it into
a suitcase for comparison with other samples she’s
collected that day from dry caves and quarries,
each from the same stratigraphic layer.
In 2012 Beddows was awarded a grant from
the Institute for Sustainability and Energy at

its tissues. Without that vital energy source, both
algae and coral will die.

Northwestern (ISEN) to explore a hypothesis

Damage to or loss of the coral reef ecosystem could

she developed with one of her geochemistry PhD

have detrimental effects on the survival of organisms

students, Emiliano Monroy-Rios. They theorized

dependent on it. Losing an ecosystem could have

that in addition to the human-driven nutrient flux

economic impacts as well, especially in a region that

that was discharging into the ocean, global sea

is highly dependent on an attractive coast to draw

level rise would raise the groundwater level,

tourism. Coral reefs are also crucial protectors of

dissolve some of this newly flooded limestone,

coasts during a hurricane; according to the National

and leach more phosphorous and iron into the

Oceanic and Atmospheric Association, up to

groundwater system and out into the ocean.

90 percent of the energy from wind-generated

“Even if we limit the activities here, global sea level
rise may be playing an important role in releasing
a vast supply of phosphorous and iron from the
rock, discharging them through the cave system
and affecting the coastal waters,” says Beddows.
The impact of these additional nutrients is commonly
seen in many modern coral reef systems as a
destructive side effect of global warming.

waves is absorbed by reefs. Healthy reefs can help
mitigate costly damage to coastal ecosystems and
infrastructure and provide long-term protection
from coastal erosion.

In the Lab
Born in Mexico City, Monroy-Rios received
a bachelor’s in chemistry and a master’s in
chemical oceanography from the National Autonomous

Any rise in nutrients such as phosphorous and iron

University of Mexico. He went on to work as a research

in an ecosystem that is not nutrient-rich will drive

assistant in the Unit of Water Science at the Yucatan

eutrophication—a process characterized by a bloom

Center for Scientific Research, where he met

in phytoplankton, which may float on the water

Beddows through cave diving.

surface or grow in blankets smothering the coral
underneath. This blanket of vegetation blocks
necessary sunlight from reaching the coral and its
zooxanthellae, the associated algae that live inside
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In the Integrated Laboratories for Earth and Planetary
Sciences, Monroy-Rios opens a sample bag labeled
CHAC-2013-12-12-12m—extracted from the Chac

Photo by Monika Wnuk

Beddows pulls off the road
to examine exposed coral
and seashell fossils. She
attracts a mother and a
crowd of children from a
nearby school and gives an
impromptu geology lesson.

Mool cave system on December 12, 2013, at a depth that corresponds with an official
cave survey drawn by previous explorers. Surrounded by the instruments he uses
to identify phosphorous and iron content in rock, he takes out a chunk of limestone.
First he uses a rock saw with a diamond disk to cut the sample into thin slices
for an initial scan that will identify any critters—gastropods, brachiopods, and
coral—in the rock. Then he grinds up the slices into little bits and feeds them
into a machine that crushes them into powder. Once his sample is in powder
form, he dissolves about 10 milligrams in nitric acid to allow for analysis of the
components and takes a miniscule drop over to the inductively coupled plasma
atomic emission spectroscope, which measures properties of light over a specific
portion of the electromagnetic spectrum and thus helps geologists identify
individual elements in a solution. “Fortunately, the machine is equipped with
an auto-sampler, allowing us to replicate the process for 60 samples at a time,”
says Monroy-Rios.
He drops the small quantity of solution into the machine, and it passes through
a system of hoses and tiny tubes before it’s sprayed over a plasma quartz torch
at high temperatures. Individual elements give distinct signals, emitting light
at different wavelengths. He then compares the concentration of elements found
in the sample to a standard concentration for that particular element. Understanding
the quantities of phosphorous and iron in the different strata of rock in the Yucatan
Peninsula will help Monroy-Rios assess the quantity of these nutrients that could
leach into the ocean with global sea level rise.
His research is motivated by a desire to contribute to knowledge about coastal
karst systems, knowledge that he hopes will translate into policies on coastal
conservation in the Yucatan Peninsula. Another motivation is largely personal:
“I want my kids to know the coral reef.”
—Monika Wnuk
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DRILLING

DOWN

Engineers investigating ways to make
fracking safer, more efficient

It might best be described as America’s
shale boom.
With the nation’s natural gas production in decline, a single report from a
Louisiana oil field changed everything: “Chesapeake believes the Haynesville
Shale play could potentially have a larger impact on the company than any other
play in which it has participated to date.”
The 2008 announcement, from what is today America’s second-largest producer
of natural gas, touched off an unprecedented era of discovery and fuel extraction.
“The United States went from being a pauper importer to almost energy
independent in a very short timeframe,” says Charles Dowding, civil and
environmental engineering. “We are still uncertain as to the exact extent of
reserves, but we are far more energy rich today than we ever thought possible.”
According to the Energy Information Administration, the United States
produced more natural gas in 2013 than any other nation. Reserve estimates
put the country’s self-sustaining capacity at somewhere near 100 years. That’s
an important assessment for a nation where six in 10 homes depend on natural
gas for heat and electricity.

A New Day
With the tapping of the Haynesville Shale, which lies some 10,000 feet below
Louisiana and eastern Texas, American natural gas production began to increase
dramatically. Today there are more than a dozen shale plays, or active shales
(geologic formations containing significant amounts of natural gas), in parts of
16 states. The discovery of large reserves and enhanced drilling techniques have
helped reduce American oil imports from 60 percent of the country’s needs to
about 30 percent.
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“Controllable horizontal drilling and hydraulic
fracturing have been studied for more than
40 years, but their use in tandem, coupled with
other technological advances, brought with them
huge economic benefits,” says Dowding.

Geophysical
Fluid Flows
Aaron Packman, civil and environmental

Using pressurized fluid to fracture the natural-

engineering, focuses on critical structure-

gas-bearing shale rock and a sand-based substance

transport relationships in environmental

known as proppant to hold those cracks open,

and geological systems. He has investigated

hydraulic fracturing (fracking) has provided the

fluid flow and particle transport in diverse

necessary inroad for reaching huge amounts of

geophysical settings, with projects ranging

natural gas many thousands of feet below the

from the effects of particle deposition on

Earth’s surface.

flow fields within porous geomaterials to
integrated assessments of water, carbon,

“Energy, water, and air are very fundamental to the

and nitrogen dynamics in large watersheds.

way we live,” says Dowding, a rock mechanics expert.

“Improved fracking operations and related

“The discovery of these shale reserves allows us to

geo-engineering approaches like carbon

do things with regard to our CO2 footprint that we

sequestration will require much better

could have never done before.”

understanding of the relationships between

Although the process of hydraulic fracturing is not
new, drills can now be guided to traverse thousands
of feet both vertically and horizontally while
withstanding temperatures of hundreds of degrees.

geological structure, fluid flow in the
subsurface, and critical feedbacks driven
by particle formation and migration,”
says Packman.

This has been a key factor in increasing the rate of
petroleum-resource development to its current scale.
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In the past, most oil and

“Scientists and engineers have continually studied

natural gas was retrieved

the effects of fracking, including the environmental

from deposits after

impact,” says Dowding. “Ultimately, we continue the

slowly migrating up

research to improve the technology being used.”

from source rock and
becoming trapped in
pockets. With fracking
greatly speeding the
recovery of these fuels,
Charles Dowding

“IT’S
CHANGING THE
ECONOMICS
OF HOW THIS
COUNTRY
GENERATES
ITS POWER IN
A WAY NO ONE
PREDICTED
EVEN 10 YEARS
AGO.”

engineers are now able
to pursue deeper and
more oil- and naturalgas-rich source rock.
America is also uniquely

Environmental Concerns
“The process of fracking is still not well understood,”
says Aaron Packman, civil and environmental
engineering. “It takes place deep underground,
making it difficult to observe the effects, and
the formulations used by oil companies are
proprietary, so their potential environmental
effects aren’t known.”

situated in that it

The chief environmental concerns include potential

possesses the reserves,

spills of hazardous material, methane leaks, and

knowledge, and

water contamination. Packman and Dowding believe

accumulated capital to

that some of those concerns, though legitimate, are

industrialize the process.

scientifically unfounded.

Dowding’s work with

“As engineers, our goal is to provide the scientific

horizontal drilling

knowledge that might inform future policy,” says

began in the 1970s,

Packman. “The objective is to better optimize the

and he continues

process to mitigate potential environmental impacts.”

to investigate technologies for avoiding induced
seismicity—essentially, small manmade earthquakes—
that can result from the deep disposal of production
water when it flows back to the surface after fracking
operations are complete. The process of fracking
itself affects the subsurface very little by comparison.

Bridge Fuel
Although America holds what is estimated to be
a century’s worth of natural gas, it’s still a finite
resource. “A lot of people have come to see natural
gas as a bridge fuel,” says Dowding. “It provides a

Theories at Play
Zdenek Bažant, civil and mechanical engineering and materials
science, believes that the stability of dense crack systems in gas
shale, which prevent their localization into a few widely spaced
cracks, as well as the dependence of localization on the pressure
distributions of water-filled cracks, are key to understanding fracking
technology, improving its efficiency, and mitigating its environmental
downloaded more than 2,000 times within two weeks of its
publication in the Journal of Applied Mechanics.
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impact. Bažant’s recent article “Why Fracking Works” was

A map showing the location of shale gas and shale oil plays in the Continental United States.
It’s estimated that America’s natural gas reserves could fuel the country for the next 100 years.
Source: Energy Information Administration based on data from various published studies.
Updated: May 9, 2011

bridge between oil and renewables, giving scientists
and engineers more time to perfect those technologies.
It’s also a leveling fuel to account for the fact that not

Increasing Efficiency

much wind and solar power is generated at night.” A
recent study from the University of Colorado showed

The research of Brad Sageman,

that natural-gas-burning power plants emit a fraction

Earth and planetary sciences, has focused

of the smog-causing gases (pollutants trapped close

on organic carbon-enriched shales, the

to the ground) and about half of the greenhouse

kinds of rocks that have become major

gases (pollutants that can remain in the atmosphere

fracking targets. He completed a detailed

for a century) emitted by coal-burning plants.

study of the Marcellus Shale in upstate
New York a few years before it became

In June, President Barack Obama issued an executive

a major shale gas play and has worked

order forcing coal power plants to reduce carbon

extensively on the Niobrara Formation,

dioxide emissions 30 percent (from 2005 levels)

another major unconventional oil and gas

by 2030. Power companies seem inclined to reduce

target in the Rocky Mountain region.

their use of coal because switching to natural gas

“My primary work contributes to the

reduces cost and CO2 emission.

datasets explorationists use to decide

“Fracking has been around a long time, but it really
has never been leveraged like this,” says Dowding.
“It’s changing the economics of how this country
generates its power in a way no one predicted even
10 years ago.”
—Roger Anderson

where to drill wells and in which layers to
horizontally drill in order to produce the
best result,” says Sageman. “The team
of engineers I am collaborating with
from McCormick hopes to make progress
that will ultimately result in fracking
techniques that are more efficient and
thus less impactful on the environment.”
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ATOMIC
BUILDING
BLOCKS
EXPLORING THE PHYSICS BEHIND
MATERIALS OF THE FUTURE

Photo by by Monika Wnuk
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Nathaniel Stern, physics and astronomy,
considers the big picture at the atomic scale.
“I’m investigating new materials at the atomic level, attempting to understand
ways we can interact with and control them,” he explains. “We’re not only looking
at new materials, but we’re also looking at the fundamental physical interactions
that can be created using their unique properties.”
The study of novel and often counterintuitive behaviors that occur when materials
are reduced to their smallest scale—atoms or subatomic particles—could play
a major role in the future of computing and energy generation. The findings
are providing valuable information for the development of new two-dimensional
systems. The field gained international attention following the 2004 isolation
of graphene, a two-dimensional sheet of carbon atoms that is both highly durable
and an efficient conductor of electricity.
“What is interesting about these two-dimensional materials is that the entire
system is a surface,” says Stern. “The properties of traditional materials are
determined by the entire structure, including the volume, but if you only have
two dimensions, there is no inside.”
Stern works more closely with a two-dimensional version of molybdenum disulfide
(MoS2). Like graphene, it is nearly a million times thinner than a sheet of paper—
so thin that in many respects it is best thought of as molecules with infinite lateral
extensions. These compounds represent a transition from the concept of a solid
material, with properties determined by large-scale repetition of atomic patterns,
to a molecule, where the arrangement of individual atoms matters.
It turns out that the tiny sheets of MoS2 are conducive to harvesting energy,
a property that piqued the interest of researchers at the Institute for Sustainability
and Energy at Northwestern (ISEN). “And yet because each layer is a single atom,
or a few atoms thick, the devices that might be developed could be incredibly
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Standard Thin-film Solar Cell

Monolayer Quantum Dot Solar Cell

illumination

transparent
conducting
electrode

illumination

~50 nm

transparent
electrode
(graphene)

~1 nm

substrate

active photovoltaic
material
back electrode

patterned monolayer QD
(increased absorption efficiency)

A diagram of current solar cell technology, left, shows how by depositing a thin film of photovoltaic material
on a substrate, such as plastic, sunlight can be converted to electricity. At a fraction of the thickness,
a monolayer quantum dot solar cell, right, with atomically-thin grapheme contacts, would combine the
attractive properties of various 2D layered materials to increase efficiency and flexibility.

small,” says Stern, who was recently awarded the Northwestern-Argonne
Early Career Investigator Award for Energy Research, sponsored by ISEN
and Argonne National Laboratory.

New Materials, New Devices
What the isolation of graphene proved was that when materials are reduced to two
dimensions, new properties emerge. The technique for separating carbon—using
tape to remove the top layer of atoms—opened the door for studying a variety of
two-dimensional systems.
“Researchers realized that they could take other materials, things that are basically
sheets of atoms, and peel layers away,” says Stern. “There are a bunch of materials
like this, and it was clear that if you peel away a single layer, its properties are very
different from the material’s multilayer state. It’s not just a smaller version, it’s
a completely different material.”
Graphene turns out to be a highly durable, efficient conductor of electricity but —
because it is metallic—not very controllable. That’s where Stern thinks isolated
sheets of MoS2 might come into play.
He proposes placing a single layer of atomic MoS2 directly on a solar cell’s
electrode, the component that converts optically excited electrons into usable
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electricity. Using graphene for the electrical contacts

you can build a quasi-three-dimensional structure

would reduce the size of a solar cell to the atomic

with the properties you want, built layer by layer.

scale. “We are talking about miniaturization,” says

It is a molecular vision of materials, where interesting

Stern. “In terms of solar cells, these extremely thin

larger structures are assembled from sheets that are

devices could then be spread over large areas.”

hardly there at all.”

Stacking layers of MoS2 and semiconductors on top
of one another, with graphene acting as the electrical
contact, could also lead to things like wearable
electronics. “If you control the surface of a twodimensional material, you can control its properties
while maintaining its extreme flexibility,” says Stern.
“If the object is just a surface, you can easily bend it
and put it anywhere.
“Figuring out how to do this so that manufacturing
is cheap and the products are durable is where the
engineers come in,” adds Stern. “This is a true
multidisciplinary approach.” Many other researchers
at Northwestern are currently working with twodimensional materials, among them Mercouri
Kanatzidis, chemistry, and Vinayak Dravid,
Mark Hersam, and Lincoln Lauhon, all materials
science and engineering. For his ISEN-sponsored
work, Stern is collaborating with Il Woong Jung,
an expert in nanofabrication technology at Argonne
National Laboratory.

Quantum Optics
The field of quantum optics, the interaction of
light and matter, revolves around the reduction
of a light wave to its smallest particle, the photon.
This approach has been around since Einstein, but
recent advances in quantum control have heightened
and broadened the applicability of the photon
concept of light.
Stern is trying to manipulate materials at this
single-photon level, using different optical techniques
that rely fundamentally on light’s particle nature.
By doing so, his lab is working to develop creative
answers to questions that may be posed decades
from now.
“Many researchers hope that an innovation in their
lab might solve a problem in the near future, but that
is not my goal. I am not trying to come up with the
advance that is going to change the way we look at
energy in the next several years,” says Stern. “I am
looking to study something that may revolutionize the

Physics Behind New Materials
Most of Stern’s research relates to the interaction
of matter and light. “Our lab creates new quantum
optical environments to probe and to control matter
with great precision using light,” he says. “My initial
motivations for looking at these new materials are not
necessarily energy applications, but our findings have
the potential to affect the field.”

way we look at these problems in the next 30 years.”
Decades before lasers became a ubiquitous part of
chemistry and engineering, physicists were exploring
their properties. “Now, as computers and other
devices shrink in size, new physics emerges. The
discovery and mastery of those new properties will
become the solutions needed to make devices even
smaller and faster,” says Stern. “We assume that

The Department of Energy (DOE) agrees, actively

others will solve the short-term problems in the next

funding these types of fundamental physics

iteration of technology. For us it’s a question of how

experiments. Over the summer the DOE honored

new physics and optical phenomena are going to

Stern with a prestigious Early Career Research

change the distant future.”

Program award.

—Roger Anderson

“There’s a really big push right now to make and
explore hybrid materials, where you start with one
layer of atoms, add another, and try to create new
properties,” he says. “If you can do that successfully,
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CENTER | POINT
Turning Sunlight
into Stored Power
This concept design depicts
the process that the Solar Fuels
Institute (SOFI) will use to turn
sunlight into a liquid fuel. The
original artwork was created
in response to a crowdsourcing
request for a graphic rendering
of “artificial photosynthesis.”
SOFI chose a winner out of
59 entries from 21 designers
around the world. According to
SOFI co-founder and co-managing
director Dick Co, “We recognized
that this design best captured the
direct analogy to photosynthesis
that forms the basis of our
technology—sunlight + water +
carbon dioxide = fuel.”
The artificial tree is symbolic of
the process; the final solar fuel
technology won’t necessarily take
this form. The “leaves” are catalytic
solar panels that collect sunlight
and convert the photosynthetic
ingredients of water (blue tanks)
and carbon dioxide (direct air
capture through intakes) into a
liquid fuel (amber tanks). SOFI
envisions the fuel being used in
our everyday lives, as “gasoline”
in cars or power for homes
Photo used courtesy of SOFI
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after sunset. — Joan Naper

