
EEWS 2016: Progress and Perspectives of
Energy Science and Technology

Established in 2009, the Graduate School of EEWS
(Energy, Environment, Water, and Sustainability) at the
Korea Advanced Institute of Science and Technology

(KAIST) is the first of its kind, an interdisciplinary department
at KAIST collectively addressing with interdisciplinary
approaches for the emerging and urgent issues in energy,
environment, water, and natural resources of the twenty-first
century for sustainable society through science, technology, and
education (http://eewseng.kaist.ac.kr). Currently housing 12
research groups with diverse backgrounds in chemistry; physics;
chemical, electrical, mechanical, and environmental engineer-
ing; and materials science, the EEWS is the culmination of
unprecedented collaboration under the same roof with close
interaction of students and faculty from unlikely backgrounds
(Figure 1). The output in a relatively short period of time is

remarkable; the collaborative research combining basic and
applied disciplines of seemingly different subjects have
produced many novel concepts and approaches in various
energy science and technology fields that are otherwise difficult
to conceive in a traditional way. In an effort to critically assess
the current status of the energy research, identify major
challenges, and further stimulate active interactions among the
disciplines to solve the challenges, we held the first EEWS
forum, “EEWS 2016: Progress and Perspectives of Energy
Science and Technology”, in the KI Fusion Hall of KAIST on
October 20, 2016. The meeting featured eight internationally
recognized energy experts from around the world introducing
their cutting-edge research covering a wide range of topics in
energy materials, advanced characterization tools, and catalysis,
from both experimental and theoretical viewpoints (Figure 2).
The forum started with an affirmation that the destructive

impact of fossil fuels on human civilization mandates energy
research and technology to be a necessity, calling for every
effort in finding solutions. In the first of two talks on energy

materials, Prof. Yi Cui (Stanford University, United States)
identified energy storage into Li-ion batteries to be at the
forefront for energy research because alternative energy sources
are not able to compete with the high energy storage density of
fossil fuels. He particularly emphasized the high-capacity
electrode designs for metallic lithium anodes that adopt
three-dimensional (3D) frameworks for the accommodation
of metallic lithium without dendrite growth. His approaches
largely resolve longstanding difficulties in battery research, such
as in binders and grain expansion control, and are expected to
deliver a considerable impact to the battery research
community as a viable solution for moving beyond graphite
electrodes.1

In the second talk on energy materials, Prof. Yang-Kook Sun
(Hanyang University, Korea) discussed the cathode in lithium
rechargeable batteries. Particularly, he introduced high-nickel
layered cathode materials that overcome the challenging
capacity fading problem by a gradient composition.2 In simple
terms, Ni content gradually decreases from the core to the
surface. This gradient composition also avoids crack formation,
another well-known drawback of previous high-nickel cases.
Impressively, these cathode materials reached 3000 cycles
without noticeable degradation, which corresponds to an
approximately 10 year service life when adapted to electric
vehicles.
In conventional energy-intensive chemical technologies,

suitable design of a catalyst could alleviate energy losses by
energy conservation. Because many catalysts work heteroge-
neously, atomic and molecular level characterization of a

Received: November 30, 2016
Accepted: February 3, 2017
Published: February 9, 2017

Figure 1. Primary areas of research interest at the Graduate School
of EEWS of KAIST.

Figure 2. Photograph of 8 invited speakers and over 200
participants at EEWS 2016: Progress and Perspectives of Energy
Science and Technology. (Photo courtesy of Sangpil Yoon).
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surface under reaction conditions is critical for designing
advanced catalyst materials. However, many techniques used in
surface science often rely on ultrahigh vacuum (UHV)
environments, whereas practical catalyst surfaces are sur-
rounded by gases at ambient pressure and liquids.3 Dr. Miquel
Salmeron (Lawrence Berkeley National Laboratory and
University of California at Berkeley, United States) highlighted
the current studies on surface science techniques operated in
operando conditions, such as ambient pressure X-ray photo-
electron spectroscopy (XPS), ambient pressure scanning
tunneling microscopy (STM) and X-ray absorption spectros-
copy (XAS), which can unravel the physics and chemistry of a
surface in equilibrium with the gas or liquid phases.4 He further
demonstrated that the XAS technique can be extended to
investigate the solid−liquid interface during electrochemical
reactions by measuring electron yield current collection at the
same electrode under study.5

A finer look on the crystal construction could also assist in
designing better energy conservation through energy materials.
For example, grain boundaries (GBs) in polycrystalline
materials are solid-phase interfaces between two adjacent grains
having an identical composition and crystal structure in
different crystallographic orientations. As a result, they often
exhibit notable properties relevant to ionic diffusion and mass
transport for efficient energy conversion. Prof. Yuichi Ikuhara
(The University of Tokyo, Japan) highlighted the importance
of understanding and controlling atomic structures and the
chemistry of GBs in energy materials through atom-resolved
characterization techniques and first-principles calculations.
Prof. Ikuhara demonstrated that additional oxygen vacancies
are introduced in GBs to relax GB structural distortion and
different dopants segregation behaviors depending on GB
character in various oxide materials such as CeO2 and ZrO2.

6,7

The petrochemical industry is at the heart of the energy
conundrum, and small optimizations in any steps of chemical
refining and catalysis often yield major energy savings in the
downstream processes. Particularly in the amidation of
hydrocarbons, Prof. Sukbok Chang (KAIST, Korea) showed
how difficult but rewarding C−H activations could be.
Nitrogen-containing commodities are usually synthesized by
high-temperature reactions or multiple steps with poor atom
economy. He showed that amidation could be carried out at
ambient conditions by readily available azide building blocks
and a recyclable noble metal catalyst.8 He also highlighted that
unconventional substrates, such as azidoformates, could install
protected amine functionalities to unactivated hydrocarbons by
using a suitably designed catalyst.9 These developments point
to a more energy efficient chemical industry through the use of
powerful new catalysts and substrates.
A significant fraction of current subjects in energy research

deal with electrochemistry and electrochemical interfaces;
however, their theoretical treatments to gain insights are far
from trivial. Advances in theory and methods of quantum
mechanical (QM) calculations are thus essential to address
theoretically key questions in energy fields, such as to
understand the mechanisms of electrochemical catalytic
reactions and design new materials for efficient energy
conversion applications. Prof. William A. Goddard III (Caltech,
United States) presented new methods including QM
metadynamics calculations for energetics of electrocatalysts at
operational temperatures and potentials.10 With this method,
he identified the reaction mechanism for the electrocatalytic
oxygen reduction reaction on Pt(111) and Pt alloys and critical

potentials for CO2 reduction on (100) and (111) Cu surfaces
to form hydrocarbon fuels at various pH from 0 to 14.
Atomistic understanding and insights obtained from these
novel quantum chemical calculations offered a few new design
concepts.
Hydrocarbon separations are immensely energy intensive

operations that bring significant energy penalties for both the
energy sector and the production of chemical commodities that
rely on petroleum.11 Prof. Mohamed Eddaoudi (KAUST, Saudi
Arabia) showed that a precisely engineered porous crystalline
material could remove a hydrocarbon from another by a simple
molecular sieving procedure. The approach is unique, as
conventional separations rely almost exclusively on distillations.
In particular, his team was able to separate propylene from
propane (olefin−paraffin separations account for 3% of total
energy used by separations industry) by tuning the pore
opening of a H2S stable metal−organic framework (KAUST-7)
to 4.75 Å.12 This was all due to a ubiquitous building block
approach, in which a theoretical design of a 3D framework
could later be realized in the laboratory.13 He demonstrated
that one could design and synthesize MOFs for any molecular
separations where sizes or shapes differ slightly, enabling a vast
toolbox for scientists that develop energy-efficient petrochem-
ical separations.
In a complete alternative and promising energy path, solar-

driven chemical reactions at a semiconductor/electrolyte
interface could lead to solar fuel production and solar-powered
water treatment applications. Although common semiconduc-
tors such as TiO2, WO3, and Fe2O3 are used in photocatalysis,
their poor charge separation in metal oxide semiconductors
limits conversion efficiency and their use in practical
applications. Prof. Wonyong Choi (POSTECH, Korea)
presented various approaches to boost photocatalytic efficiency
of earth-abundant semiconductors.14 He demonstrated that
surface modifications at TiO2 by metal nanoparticles, thin
layers of TaOxNy, and graphenes significantly reduce the charge
recombination and enhance the interfacial charge transfer.
These advances, ultimately, could increase photoelectrochem-
ical and photocatalytic conversion efficiencies for water splitting
and water treatments.
In this one-day forum, attendees witnessed advances,

challenges, and opportunities in energy science and technology
for EEWS problems. The challenges are vast, but energy
research is moving steadily forward to tackle them by
understanding and controlling energy materials from atomic
scale to bulk materials through interdisciplinary collaboration
across the fields of science and engineering. The EEWS
international forum will continue to address new challenges in
energy research and technology in the coming years.

Jihun Oh†

Jang Wook Choi†

Cafer T. Yavuz†

Sung-Yoon Chung†

Jeong Young Park†,‡

Yousung Jung†
†Graduate School of EEWS (Energy, Environment, Water, and
Sustainability), Korea Advanced Institute of Science and
Technology (KAIST), ‡Center for Nanomaterials and
Chemical Reactions, Institute for Basic Science, Daejon 34141,
Republic of Korea

ACS Energy Letters Energy Focus

DOI: 10.1021/acsenergylett.6b00640
ACS Energy Lett. 2017, 2, 592−594

593

http://dx.doi.org/10.1021/acsenergylett.6b00640


■ AUTHOR INFORMATION
ORCID

Jang Wook Choi: 0000-0001-8783-0901
Cafer T. Yavuz: 0000-0003-0580-3331

Notes
Views expressed in this Energy Focus are those of the authors
and not necessarily the views of the ACS.
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We acknowledge the generous financial support of KAIST for
organizing the EEWS 2016 Forum. We are most grateful to the
invited speakers, EEWS faculty and staff, and all participants
who made this Forum truly fruitful.

■ REFERENCES
(1) Lin, D.; Liu, Y.; Liang, Z.; Lee, H.-W.; Sun, J.; Wang, H.; Yan, K.;
Xie, J.; Cui, Y. Layered reduced graphene oxide with nanoscale
interlayer gaps as a stable host for lithium metal anodes. Nat.
Nanotechnol. 2016, 11, 626−632.
(2) Lim, B.-B.; Myung, S.-T.; Yoon, C. S.; Sun, Y.-K. Comparative
study of Ni-rich layered cathodes for rechargeable lithium batteries:
Li[Ni0.85Co0.11Al0.04]O2 and Li[Ni0.84Co0.06Mn0.09Al0.01]O2 with two-
step full concentration gradients. ACS Energy Lett. 2016, 1, 283−289.
(3) Somorjai, G. A.; York, R. L.; Butcher, D.; Park, J. Y. The
evolution of model catalytic systems; studies of structure, bonding and
dynamics from single crystal metal surfaces to nanoparticles, and from
low pressure (<10−3 Torr) to high pressure (>10−3 Torr) to liquid
interfaces. Phys. Chem. Chem. Phys. 2007, 9, 3500−3513.
(4) Tao, F.; Salmeron, M. In situ studies of chemistry and structure
of materials in reactive environments. Science 2011, 331, 171−174.
(5) Velasco-Velez, J.-J.; Wu, C. H.; Pascal, T. A.; Wan, L. F.; Guo, J.;
Prendergast, D.; Salmeron, M. The structure of interfacial water on
gold electrodes studied by X-ray absorption spectroscopy. Science
2014, 346, 831−834.
(6) Hojo, H.; Mizoguchi, T.; Ohta, H.; Findlay, S. D.; Shibata, N.;
Yamamoto, T.; Ikuhara, Y. Atomic structure of a CeO2 grain
boundary: The role of oxygen vacancies. Nano Lett. 2010, 10,
4668−4672.
(7) Feng, B.; Yokoi, T.; Kumamoto, A.; Yoshiya, M.; Ikuhara, Y.;
Shibata, N. Atomically ordered solute segregation behavior in an oxide
grain boundary. Nat. Commun. 2016, 7, 11079.
(8) Shin, K.; Kim, H.; Chang, S. Transition-metal-catalyzed C−N
bond forming reactions using organic azides as the nitrogen source: a
journey for the mild and versatile C−H amination. Acc. Chem. Res.
2015, 48, 1040−1052.
(9) Kim, H.; Park, G.; Park, J.; Chang, S. A facile access to primary
alkylamines and anilines via Ir(III)-catalyzed C−H amidation using
azidoformates. ACS Catal. 2016, 6, 5922−5929.
(10) Xiao, H.; Cheng, T.; Goddard, W. A.; Sundararaman, R.
Mechanistic explanation of the pH dependence and onset potentials
for hydrocarbon products from electrochemical reduction of CO on
Cu(111). J. Am. Chem. Soc. 2016, 138, 483−486.
(11) Sholl, D. S.; Lively, R. P. Seven chemical separations to change
the world. Nature 2016, 532, 435−437.
(12) Cadiau, A.; Adil, K.; Bhatt, P. M.; Belmabkhout, Y.; Eddaoudi,
M. A metal-organic framework-based splitter for separating propylene
from propane. Science 2016, 353, 137−140.
(13) Guillerm, V.; Weselin ́ski, Ł. J.; Belmabkhout, Y.; Cairns, A. J.;
D’Elia, V.; Wojtas, Ł.; Adil, K.; Eddaoudi, M. Discovery and
introduction of a (3,18)-connected net as an ideal blueprint for the
design of metal−organic frameworks. Nat. Chem. 2014, 6, 673−680.
(14) Park, H.; Kim, H.; Moon, J.; Choi, W. Photoinduced charge
transfer processes in solar photocatalysis based on modified TiO2.
Energy Environ. Sci. 2016, 9, 411−433.

ACS Energy Letters Energy Focus

DOI: 10.1021/acsenergylett.6b00640
ACS Energy Lett. 2017, 2, 592−594

594

http://orcid.org/0000-0001-8783-0901
http://orcid.org/0000-0003-0580-3331
http://dx.doi.org/10.1021/acsenergylett.6b00640

